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Symposium Sessions 

Symposium 1 – Conservation physiology in seabirds: Understanding mechanisms, causes 

and consequences in a changing world 
October 5, 2021: 12:00 – 14:00 UTC 

October 5, 2021: 14:15 – 16:15 UTC 

October 5, 2021: 22:00 – 24:00 UTC 

Behavioural complexity: Is it costly? 

Olivia Hicks¹, Akiko Kato¹, Frédéric Angelier¹, Andrew MacIntosh², Danuta Wisniewska¹, Catherine 

Hambly³, John Speakman³, Coline Marciau¹, Yan Ropert-Coudert¹ 

¹Centre d'Etudes Biologiques de Chizé, ²Primate Research Institute, Kyoto University, ³Institute of 

Biological and Environmental Sciences, University of Aberdeen 

Behavioural complexity as measured along a stochastic-deterministic gradient, for example is a distinct 

biological phenomenon considered to be adaptive in a broad range of environments due to it being 

error tolerant, and thus buffer changes from intrinsic and extrinsic factors. Loss of behavioural 

complexity is often associated with costly factors such as stress and disease and therefore can provide 

an indication of individual condition or health via observation of foraging behaviour for example. 

Foraging is the key mechanism by which organisms acquire resources, where differences in efficiency 

can have profound consequences for individual condition and fitness. It has been hypothesised that, in 

heterogeneous environments, species follow more complex stochastic movements over deterministic 

movements, due to higher prey encounter rates. Though intermediate levels of complexity are often 

most stable. Given that foraging is crucial for energy acquisition, what is the cost of behavioural 

complexity and is it an energetically advantageous strategy? Marine predators experience extreme 

variability in resource supply over a range of spatio-temporal scales. Seabirds for instance are predicted 

to display a range of foraging strategies according to resource availability when making discrete foraging 

trips. We used Doubly Labelled Water measurements and 3D accelerometers on Adélie penguins 

Pygoscelis adeliae in the field to estimate behaviour specific energy expenditure. Concurrently, we used 

fractal analysis on dive sequences as a measure of individual temporal foraging complexity. Combined, 

these allow us to investigate the energetic cost of complexity in a free ranging seabird. By answering 

these questions, we can better understand variation in foraging efficiency that exists within wild 

populations and the resilience of different strategies to changing environments. Our findings have 

important implications for the evolutionary consequences of complexity and its adaptability. 

Contaminants of growing concern: Poly- and Perfluoroalkylated Substances (PFAS) and their 

physiological consequences in seabirds 

Olivier Chastel¹, Pierre Blévin², Ségolène Humann Guilleminot³, Fabrice Helfenstein¹, Sabrina Tartu¹, 

Frédéric Angelier¹, Manrico Sebastiano¹, David Costantini⁴, Scott Shaffer⁵, Paco Bustamante⁶, Pierre 

Labadie¹, Hélène Budzinski¹, Dorte Herzke⁷, Børge Moe⁸, Jan Ove Bustnes⁹, Geir Wing Gabrielsen¹⁰ 

¹CNRS, ²Akvaplan niva AS, ³Laboratory of Evolutionary Ecophysiology, Institute of Biology, University of 

Neuchatel, ⁴uséum National d'Histoire Naturelle, ⁵San José State University, ⁶University La Rochelle, 

⁷NILU, ⁸NINA, ⁹NIA, ¹⁰NPI 

Industrialization is responsible of the release of tons of toxic compounds in the environment, which 

became imbedded into food webs worldwide, and numerous studies have reported effects on legacy 
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persistent organic pollutants (chlorinated POPs, ex: DDT, PCB) on wildlife. In contrast, the effects of 

poly-and perfluoroalkyl substances (PFAS) have received less attention. PFAS cover more than 4,700 

substances and are surface-active agents used in many products (non-stick cookware, fire-fighting 

foams, waterproof clothing). Transported over long distances, these highly persistent and 

bioaccumulative pollutants are now ubiquitous. As apex predators, seabirds are relevant bioindicators 

for PFAS contamination of the marine environment and there is a need to monitor PFAS across a large 

range of habitats, to better understand the global distribution of these substances. Among PFAS, 

perfluorooctane sulfonic acid (PFOS) has been banned under the Stockholm Convention on POPs. 

However, the vast majority of PFAS are not regulated yet and some are increasingly detected in 

seabirds. PFAS exposure is known to be associated with several toxicological effects in humans and 

laboratory models but the consequences of PFAS exposure for wildlife remain overall poorly 

investigated. In this talk, we will present studies conducted in Svalbard, Antarctica and continental 

France and which give new insight into the effects of PFAS exposure on seabirds. Specifically, we show 

that, PFAS can affect several key physiological mechanisms (thyroid hormones, glucocorticoids, 

prolactin, basal metabolic rate, oxidative stress). Compared to legacy chlorinated POPs, PFAS often act in 

the opposite way on physiology and behavior. Finally, we will present the very first data on the effect of 

PFAS contamination on seabird sperm quality and discuss the possible mechanisms involved. Further 

research on the occurrence and effects of PFAS is needed to provide evidence-based information for 

policy and regulatory decisions relevant to seabird conservation. 

Resource allocation of a deep-diving Arctic seabird, the thick-billed murre (Uria lomvia), in response to 

sea-ice variation during the chick-rearing period 

Alyssa Eby¹, Allison Patterson², Kyle Elliott², H. Grant Gilchrist³, Oliver Love¹ 

¹University of Windsor, ²McGill University, ³Environment and Climate Change Canada 

Presently, inter-annual variability in sea ice dynamics is increasing in Arctic regions. Sea ice dynamics, 

such as the timing of ice-melt and sea ice extent, highly influence trophic dynamics in marine Arctic 

systems, leading to changes in the abundance and distribution of fish and invertebrates. Thick-billed 

murres (Uria lomvia) - a pursuit diving seabird that preys upon pelagic fish, benthic fish, and 

invertebrates - are thus expected to be negatively impacted by shifts in marine Arctic community 

structure. As such foraging behaviour, including the decision to balance self-feeding and chick-

provisioning, will be influenced by environmental conditions, and mediated by either adult or chick body 

condition. In a low ice year, associated with reduced food availability, adults may choose to maximize 

self-feeding to maintain adult condition, while reducing chick provisioning at the cost of chick condition. 

Alternatively, adults may maintain or increase chick-provisioning to maximize chick condition, while 

reducing self-feeding at the cost of adult condition. To investigate the impact of environmental 

conditions on resource allocation decisions in this system we fitted adult murres with GPS 

accelerometers during the incubation and chick-rearing periods at Coats Island, Nunavut, Canada in 

2018 and 2019. To assess the success of foraging trips for adult energetic condition we blood sampled 

murres before/after GPS deployments to measure energetic hormones (corticosterone), metabolites 

(non-esterified fatty acids, beta-hydroxybutyrate, and triglycerides), and stable isotopes (δ13C and 

δ15N). To assess the success of foraging trips for chick energetic condition, we conducted feeding 

watches to identify prey types and chick-provisioning rates. By determining how variation in 

environmental conditions impacts resource allocation decisions, we can predict how breeding success 

and ultimately fitness will be impacted in rapidly changing Arctic ecosystems. 
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Causes and consequences of interindividual variation in glucocorticoid secretion: Experiments in free-

living kittiwakes 

Z Morgan Benowitz-Fredericks¹, Scott Hatch², Alexander Kitaysky³ 

¹Bucknell University, ²Institute for Seabird Research and Conservation, ³University of Alaska Fairbanks 

Fluctuation in food availability is a frequently-encountered environmental challenge for seabirds, and 

secretion of glucocorticoid hormones (corticosterone) is one of the best-studied physiological mediators 

of the response to food shortages. Elevated corticosterone is assumed to yield short-term benefits for 

adults and chicks, yet potentially evoke long-term costs. A unique field station in Alaska permits 

manipulation of food availability and/or corticosterone in free-living black-legged kittiwake adults and 

chicks (Rissa tridactyla) to test assumptions about causes and consequences of interindividual variation 

in glucocorticoid secretion. In breeding known-age adults, we found that a reduction in local food 

availability (induced by experimentally withdrawing food supplementation) evoked an increase in 

baseline corticosterone; this increase was lower in birds who spent more time off the colony, 

presumably foraging. Additionally, much of the inter-individual variation in corticosterone release was 

explained by telomere length, which may reflect individual quality. An accumulating literature (mostly 

from captivity) demonstrates potentially costly "programming" effects of developmental exposure to 

glucocorticoids on phenotype, including telomere length, while benefits of elevated glucocorticoids are 

rarely tested. In chicks, we found strong correlational, but weaker experimental, support for the 

common assumption that elevation of glucocorticoids rapidly mobilizes energy - food supplementation 

reduced circulating corticosterone, glucose and ketones but acute corticosterone administration did not 

mobilize energy substrates (though catecholamines likely did). In contrast, repeated, acute 

glucocorticoid elevations induced persistent downregulation of immune genes in chicks. Thus, there is 

currently stronger evidence for the costs of glucocorticoids than for the benefits, particularly in chicks. In 

long-lived, late-recruiting species like seabirds, it is challenging to connect long term fitness to non-

lethal environmental challenges experienced by chicks. However, our results indicate that monitoring 

glucocorticoid exposure in seabird chicks may provide valuable insight into the fitness of future cohorts. 

Intra-and inter-annual flexibility in foraging niche and its links to breeding investment and 

environmental variation in an arctic seabird 

Kyle Parkinson¹, Holly Hennin², Keith Hobson³, H. Grant Gilchrist², Nigel Hussey¹, Oliver Love¹ 

¹University of Windsor, ²Environment and Climate Change Canada, ³Western University 

Energy is the limiting factor generating a variety of life history trade-offs across species. Individuals that 

are better able to accumulate and manage energetic stores are predicted to perform better and achieve 

the highest fitness. Optimal foraging theory states that during energetically costly life history stages, 

such as breeding, individuals that can match resource demand to peaks in prey quantity and quality 

should perform the best. However, with increasing impacts of climate change on key resources, not all 

individuals, and hence populations, may be flexibly capable of shifting resource allocation to meet the 

demand of reproduction. Using common eiders at our long-term study colony at East bay, Nunavut, 

Canada, we are using stable isotopes to investigate inter-annual variation in foraging specialization to 

infer colony-level flexibility in foraging niche, and responses to climate change. By tracking isotopic 

values across breeding stages, we are able to quantify whether stage-specific energetic demand is 

represented by isotopic variation. We analyzed plasma stable isotopes of over 700 pre-breeding females 

across a 9-year period and began by examining stage-specific variation. We then examined whether 

mean environmental conditions can predict niche metrics, and whether inter-annual niche dynamics 
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could be used to predict inter-annual variation in breeding parameters. We found substantial inter-

annual and inter-stage variation in isotopic niches, with higher energetic demand stages having distinct 

isotopic values, suggesting that eiders target multiple trophic levels and may switch foraging dynamics 

across breeding stages. Overall, these results suggest that eiders breeding at East Bay possess a high 

degree of both intra- and inter-annual foraging flexibility, suggesting this breeding population are 

foraging generalists. This is one of the first long-term examinations using isotopic niche in seabirds to 

estimate foraging flexibility as a means of predicting the overall the potential population-dependent 

resilience of this species to the expected effects of climate change. 

Integrating physiology with spatial tracking data reveals mechanisms underlying variation in breeding 

success of an Antarctic seabird 

Oliver Love¹, Christopher Harris¹, Christine Madliger¹, Arnaud Tarroux², Yves Cherel³, Per Fauchald⁴, 

Akiko Kato³, Yan Ropert-Coudert³, Oystein Varpe⁴, Henri Weimerskirch³, Nigel Gilles Yoccoz⁵, Sandrine 

Zahn⁶, Sebastien Descamps² 

¹University of Windsor, ²Norwegian Polar Institute, ³Centre d?Etudes Biologiques de Chizé, ⁴University 

Centre in Svalbard, ⁵University of Tromsø, ⁶Université de Strasbourg 

Forecasting how the downstream impacts of complex processes such as climate change will affect the 

key demographic factors (e.g., breeding success, offspring survival/recruitment) central to population 

resilience remains difficult. Integrating physiology with other metrics such as behaviour within a 

Conservation Physiology framework may help to improve models aiming to predict variation in 

environmentally-driven performance outcomes. Here we test the value of incorporating physiological 

approaches with more 'traditional' methods of predicting seabird breeding success (e.g., parental 

condition, foraging behaviour) in a pagophilic seabird, the Antarctic petrel (Thalassoica antarctica). 

Specifically, we asked whether adding physiological information about the energetic (i.e., baseline 

corticosterone, plasma triglycerides, plasma non-esterified fatty acids, plasma Beta-Hydroxybuteric acid) 

and trophic outcomes (δ15N and δ12C isotopes) of foraging decisions improved the predictive capacity 

of models attempting to explain variation in chick fledging success. Our baseline model (parental body 

condition and foraging metrics only) revealed that shorter trip duration and higher post-trip parental 

body condition predicted higher breeding success. The addition of the association with ice during 

foraging (δ12C), although not trophic position attained during foraging (δ15N), significantly improved 

predictive capacity, where a higher association with ice predicted higher breeding success. Finally, 

including energetic physiology further increased predictive power, where a greater energetic gain during 

foraging (higher parental plasma triglycerides and non-esterified fatty acids) predicted higher breeding 

success. Overall, the inclusion of isotopic and energetic physiology alongside more traditionally-used 

metrics tripled the predictive power of base models relating parental metrics during foraging to 

breeding success in this ice-related seabird species. As such, the addition of a Conservation Physiology 

tools, balancing the added complexity of extra labour and financial costs, was useful for predicting 

fitness outcomes in this difficult to study Antarctic-breeding seabird facing foraging impacts due to 

climate change. 

Using toxicogenomic tools to detect effects of oil-related contaminants in seabirds 

Jennifer Provencher¹, Mark Mallory², Bruce Pauli³, Phil Thomas³, Doug Crump³, Sarma Sailendra³, 

Yasmeen Zahaby³ 

¹ECCC, ²Acadia University, ³Environment and Climate Change Canada 
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In the past few decades much has been learned about the effects of oil on marine ecosystems. 

Specifically, the Exxon-Valdez oil spill in Alaska in 1989, the Treasure oil spill in South Africa in 2000, and 

most recently the Deepwater Horizon spill in the Gulf of Mexico in 2010, have led to an increase in 

studies that have examined the effects of oil on marine ecosystems, from invertebrates to birds. 

Currently in the Canadian Arctic there are low levels of shipping and oil exploration-related activities as 

compared to many other regions globally. While current levels of shipping and other oil-related activities 

may be low, there are natural oil and gas seeps in the region that expose seabird to oil-related 

contaminants. Importantly, there are several new biochemical/molecular techniques being used in 

effects studies in relation to oil. We present data on oil-related contaminants in two Arctic seabird 

species (the think-billed murre and the black guillemot) in relation to toxicogenomic and metabolomics 

tools that can identify sub-lethal effects from oil exposure. This information serves as baseline 

information for the region, as well as a tool that can be applied throughout these species' ranges to 

understand how oil pollution may affect the physiology of individuals. 

Environmental and life-history factors influence multidimensional niche metrics (δ13C, δ15N, Hg) 

Reyd Smith¹, David Yurkowski², Kyle Parkinson¹, Jérôme Fort³, Holly Hennin⁴, H. Grant Gilchrist⁴, Oliver 

Love¹ 

¹University of Windsor, ²Fisheries and Oceans Canada, ³Littoral, Environnement et Sociétés (LIENSs), 

⁴Environment and Climate Change Canada 

Climate change and wide-scale environmental shifts are modifying oceanic patterns, sea ice phenology 

and abundance, ultimately with implications on food web dynamics. These changes alter the abundance 

and distribution of primary producers such as ice algae and phytoplankton, with cascading effects at 

higher trophic levels. Mercury (Hg) is an endocrine disrupting compound that biomagnifies in animals as 

a result of prey choice. As such, uptake is affected by altered food web dynamics and environmental 

conditions, which adds an important risk-based dimension in studies of foraging ecology. 

Multidimensional niche dynamics (δ13C, δ15N, THg; total mercury) were determined among female 

common eiders (Somateria mollissima) from 10 breeding colonies in areas within North America, 

Europe, and Russia. Results showed high variation in colony niche dynamics, indicated by niche size and 

ranges in δ13C, δ15N and THg values in relation to sea-ice presence and colony migratory status. 

Colonies with higher sea-ice cover during the pre-incubation period had higher median colony δ13C, 

δ15N and THg. Individuals at migratory colonies had relatively higher THg and δ15N, as well as lower 

δ13C, suggesting a greater Hg exposure, higher trophic position, and a greater reliance on 

phytoplankton-based prey. We concluded that variation in multidimensional niche dynamics exists 

amongst eider colonies which influenced THg concentrations. Further exploration of spatial 

ecotoxicology and niche dynamics at individual colonies is important to examine the relationships 

between anthropogenic pressures, foraging behaviour, and the related risks of contaminant exposure at 

even low concentrations which cumulatively may contribute to negative effects on population stability. 

Overall, multidimensional niche analysis that incorporates multiple isotopic and contaminant metrics 

presents an opportunity to help identify populations at risk to rapidly altered food web dynamics. 

Telomere length as a biomarker of individual state: heritability, reflection of environment, and link to 

population trends 

Rebecca Young¹ 

¹North Dakota State University 
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The struggle to maximize fitness is often one of energy balance and imbalance. Stress, whether explored 

through oxidative damage, elevated glucocorticoids, or a state of allostatic overload, may be defined as 

a state in which demands to repair damage and maintain homeostasis exceed the resources available. 

Reproduction may thus also be a stressful experience, albeit one that yields direct fitness benefits. 

When stress is increased survival may be compromised. A decrease in survival may be adaptive (a trade-

off or cost of reproduction) but sometimes it is simply a cost, lost fitness opportunities. Telomeres are 

an integrative biomarker of somatic state in vertebrates that can be measured non-lethally. Telomere 

length is a DNA marker shown to predict lifespan and mortality in a variety of taxa, including long-lived 

seabirds. Here I will present what is known about the developing field of telomeric ecology in the 

context of seabirds and marine conservation. I will address three topics: A) Telomere length predicts 

survival and quality within individuals and family groups. The strength of this biomarker is that it 

integrates the information from many others. Telomere length shortens in response to oxidative stress, 

elevated glucocorticoids, and contaminants. B) Telomere length in an individual may reflect life history 

or foraging strategy. New results indicate that offspring telomere phenotype is affected by post-natal 

parental care, and thus may mediate telomere heritability. Despite being a DNA marker, telomere length 

is inherited in both a genetic and epigenetically-determined fashion. C) Telomere length and dynamics 

can act as a snapshot of a seabird population and may provide indications of population trends. Linking 

individual physiology to population trends at the colony level may assist conservation by identifying 

populations of concern. 

From immuno-ecology to conservation: how deciphering physiological mechanisms can help 

conservation 

Thierry Boulinier¹, Raul Ramos², Ana Sanz-Aguilar³, Sarah Burthe⁴, Henri Weimerskirch⁵, Maud Poibleau⁶, 

Hanna Granroth-Wilding⁷, Paolo Catry⁸, Hubert Gantelet⁹, Audrey Jaeger¹⁰, Pablo Tortosa¹⁰, Karine 

Delord⁵, Eric Thilbault⁹, Vincent Bourret¹¹, Jean-Marc Thiebot¹², Petra Quillfeldt¹³, Vincent Staszewski¹⁴, 

Jacob Gonzalez-Solis², Francis Daunt⁴, Emma Cunningham¹⁵, Torkild Tveraa¹⁶, Christophe Barbraud⁵, 

Jeremy Tornos¹, Romain Garnier¹⁷, Amandine Gamble¹⁸ 

¹CEFE CNRS, ²University of Barcelona, ³IMEDEA (CSIC-UIB), ⁴CEH, ⁵CEBC CNRS, ⁶University of Antwerp, 

⁷University of Helsinki, ⁸ISPA, ⁹Ceva Biovac, ¹⁰Université La Réunion, ¹¹N/A, ¹²National Institute of Polar 

Research, ¹³University of Giessen, ¹⁴Boehringer 

Among the many threats that seabirds are facing, exposure to infectious diseases is one of growing 

concern. Climate change, higher connectivity among remote areas and introduced species can increase 

the risk of disease emergence in populations of susceptible individuals, especially in species breeding in 

dense aggregations. In addition to understanding factors affecting the dynamics of transmission of 

infectious agents among and within seabird colonies, a better knowledge of the mechanisms underlying 

their immune system may be of critical relevance for their conservation. Because of the importance of 

exposure to disease agents during the breeding season in colonial species, we predicted that seabird 

species exhibiting extremely long lifespan and chick-rearing period may have developed a particularly 

long persistence of maternal antibodies to protect young offspring. After detecting such a long 

persistence in the Cory's shearwater using a transgenerational vaccination experiment, we implemented 

a comparative approach in other seabird species and an investigation of the physiological mechanism 

underlying the heterogeneity in the catabolism rate of IgY antibodies. The results of the comparative 

study suggest that at least Procellariforms appear to have evolved a mechanism for a long persistence of 

maternal antibodies after hatching. Based on these results, we have been investigating whether 
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vaccination of female albatrosses could be used to protect recurrently their nestlings against avian 

cholera, an infectious disease causing massive die-offs of yellow-nosed albatross offspring on 

Amsterdam Island. The results have direct potential conservation implications as the local yellow-nosed 

albatross population is threatened by the epizooties on Amsterdam Island, and the very small endemic 

Amsterdam albatross population is at risk of exposure to the disease agent. The study illustrates how 

detailed understanding of physiological mechanisms may be of great relevance for conservation. 

Kittiwake's physiological state provides insight into how foraging behavior changes in response to 

food shortages. 

Alexis Will¹, Alexis Will², Shannon Whelan³, Rosana Paredes⁴, Rachael Orben¹, Alexander Kitaysky¹ 

¹University of Alaska Fairbanks, ²Bucknell University, ³McGill University, ⁴Oregon State University 

Seabird movement patterns have become useful in the process of establishing marine protected areas, 

e.g. identifying oceanic hotspots, and determining buffer zones around breeding colonies. Seabirds' use 

of the environment is, however, dynamic and likely varies in response to changes in food availability and 

an individual's physiological state. In this study we use physiological state to assess how foraging 

behavior changes in response to food limitations in a surface-foraging piscivorous seabird, the black-

legged kittiwake (Rissa trydactyla). First, we relied on an experimental approach to understand how 

kittiwakes respond physiologically and behaviorally to the loss of a foraging patch, using acute 

withdrawal of food supplementation. 18 known-age incubating male kittiwakes breeding on Middleton 

Island, Gulf of Alaska, were outfitted with GPS tags; blood was collected upon deployment and retrieval. 

Plasma was analyzed for corticosterone, an indicator of exposure to nutritional stress, and DNA from red 

blood cells was analyzed for relative telomere length, often used as an indicator of individual quality. 

Food withdrawal (n = 9) resulted in higher baseline concentrations of corticosterone (see Benowitz-

Fredericks et al., this symposium), and more time engaged in foraging behavior. Across control and 

withdrawal groups, long-telomere individuals, presumably higher quality, spent less time foraging; in the 

withdrawal group, an increase in the proportion of a trip spent foraging was associated with a decline in 

baseline plasma corticosterone. Second, we tested whether the physiological and behavioral responses 

observed in experimentally manipulated birds are generalizable across colonies and breeding stage 

using chick-rearing kittiwakes breeding on the Pribilof Islands, southeastern Bering Sea, in years with 

varying food availability (2008-2010 n =133). Here we discuss how the combination of physiological state 

and behavior can be employed to identify whether and how seabird foraging behavior may change in 

response to changes in food availability. 

Conservation physiology of seabirds: integrative assessments to guide colony translocations. 

Brendon Dunphy¹, Shae Vickers², Edin Whitehead¹, Jingjing Zhang¹, Todd Landers³, Sarah Bury⁴, Matt 

Rayner⁵ 

¹The University of Auckland, ²The Ministry of Primary Industries, ³Auckland Council, ⁴National Institute of 

Water and Atmospheric Research, ⁵Auckland War Memorial museum 

Procellariform seabirds (petrels, shearwaters) are the world's most threatened bird group, particularly in 

New Zealand, where 90% of our seabirds are at risk. As could be expected, reversing this trend is of 

significant conservation interest for New Zealand. Key to achieving this is understanding the effects of 

environmental conditions on breeding seabirds, with more agile monitoring methods desperately 

needed. To this end, mechanistic and integrative monitoring approaches are providing high resolution 

information with much quicker turnaround times c.f. annual demographic studies. By incorporating 
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endocrinology, haematology, Hidden Markov modelling (HMM), and stable isotope analyses, resource 

managers are able to identify colonies that are potentially vulnerable in the absence of overt and 

established monitoring signals i.e. chick rearing failure. For example, establishing new colonies via 

translocation of seabird chicks is currently used for many species, but colony location is critical i.e. 

establishing colonies far from feeding grounds is counterproductive. Using GPS tracked common diving 

petrels (Pelecanoides urinatrix) breeding in the Hauraki Gulf we hypothesised that 1) there were 

physiological limits as to how far from feeding grounds colonies could be established; and 2) due to 

distance from feeding grounds, inner Gulf colonies would show higher stress (CORT), and spend more 

time commuting rather than foraging. However, CORT profiles were more affected by breeding stage 

(highest in chick rearing) than colony location. Moreover, HMM analyses and stable isotopes showed 

inner Gulf birds foraged locally but spent more effort chasing higher trophic prey (fish/cephalopods). 

Such ecophysiological insights demonstrate that, providing sufficient fish cephalopod prey exist, planned 

translocations of diving petrels further into the Gulf can occur, thus offering a new tool to arrest the 

decline of this species within the region. 

Does physiological adaptation to cold predispose little auks (Alle alle) to increased risk of 

hyperthermia in a warming Arctic? 

Julian Beaman¹, Craig White¹, Manon Clairbaux², Samuel Perret², Jérôme Fort³, David Grémillet² 

¹Monash University, ²CNRS ? Université de Montpellier ? Université Paul-Valéry Montpellier ? EPHE, 

³CNRS ? Université de La Rochelle 

Arctic seabirds evolved physiological and morphological adaptation to cold that increases heat 

production and reduces heat loss. Yet such adaptation might expose them to increased mortality risk 

from heat stress in a rapidly warming Arctic. When ambient air temperature exceeds the upper critical 

limit of the thermoneutral zone of an individual, evaporative water loss must increase to dissipate heat 

and to avoid lethally high body temperatures. At the same time, endogenous heat production also 

increases as more active forms of evaporative water loss (i.e. gular fluttering) are employed to dissipate 

heat. If environmental temperatures remain elevated above thermoneutrality, the cycle of increased 

water loss and heat production can quickly lead to dehydration and hyperthermia. In the present study, 

we used temperature-controlled respirometry and biotelemetry to link the thermal sensitivity of energy 

expenditure, water loss and body temperature with behavioural responses to environmental 

temperature in 50 little auks (Alle alle) from East Greenland. These measurements performed across a 

wide temperature range (5 to 32°C) allowed us to examine how the magnitude and frequency of heat 

stress events impact the most abundant seabird in the Arctic. Little auks showed a remarkable capacity 

to cope with air temperatures 25°C above current maximum temperatures when at rest. Yet individuals 

may need to reduce activity levels to avoid hyperthermia on warmer days, which could reduce foraging 

effort, parental care, social activities and predator avoidance. Our study highlights a need to understand 

the ecological consequences of thermoregulatory constraints on the behaviour and survival of cold-

adapted seabirds. Little auks are ecosystem engineers that facilitate an enormous transfer of nutrients 

from marine to terrestrial ecosystems. Hence, physiological constraints on the behaviour of little auks 

may have flow on effects for entire marine and terrestrial food webs in the Arctic. 

Connecting migrations and physiology to egg laying in the red-legged kittiwake, Rissa brevirostris 

Rachael Orben¹, Abram Fleishman², Alexis Will³, Marc Romano⁴, Nobuo Kokubun⁵, Scott Shaffer⁶, Rosana 

Paredes¹, Alexander Kitaysky³ 
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¹Oregon State University, ²Conservation Metrics, Inc., ³University of Alaska Fairbanks, ⁴U.S. Fish and 

Wildlife Service, ⁵National Institute of Polar Research, ⁶San Jose State University 

Long-lived migratory seabirds are expected to skip reproduction when environmental conditions are 

sub-optimal, yet proximate mechanisms underlying an individual's reproductive decisions are not well 

known. To address this, we studied links between migration behavior, trophic niche, physiological state, 

and egg-laying success in 103 red-legged kittiwakes nesting on St. George Island in the Bering Sea over 

five years. We measured a suite of physiological (e.g. stress hormones, telomere length), dietary (stable 

isotopes), and movement (e.g. migration timing, time spent in flight) variables associated with different 

periods in the annual cycle using geolocation data loggers, feather and blood sampling. A logistic 

modelling framework was applied for each time period to identify variables that predicted successful 

breeding initiation. We found that spatial distributions and activity budgets during the fall (October and 

November) predicted red-legged kittiwakes that were successful in initiating breeding the following 

year. Birds that laid eggs (or had a partner that laid an egg), tended to reside in core areas of the 

northern Bering Sea, or western North Pacific just south of the Aleutian Islands, whereas birds that 

failed to initiate breeding had core areas closer to the Pribilof Islands and central Bering Sea. Birds 

engaged in more flight activity in March were also more likely to initiate breeding. Stress levels and diet 

on the wintering grounds, migratory timing or condition during pre-lay did not influence breeding 

initiation. For male kittiwakes, telomere loss over the year predicted failure to initiate breeding. Our 

results indicate that bird movements and spatial distributions during the fall period play a role in 

determining future reproductive participation for red-legged kittiwakes that actively bred in the prior 

year. The northern Bering Sea is used by other seabird species during the fall, and predictable prey 

availability here is likely to be similarly important for other seabird populations. 

Understanding seabird nutrition and gut microbiome to explore the sub-lethal impacts of plastic 

ingestion on animal physiology 

Peter Puskic¹, Jennifer Lavers¹, Louise Adams¹, Andrew Bridle¹, Martin Grünenwald¹, Ian Hutton², David 

Nichols³, Alexander Bond⁴ 

¹Institute for Marine and Antarctic Studies, University of Tasmania, ²Lord Howe Island Museum, ³Central 

Sciences Lab, University of Tasmania, ⁴Natural History Museum 

Plastic has been adrift at sea for over 60 years. The interactions between these particles and animals is 

largely negative, often causing entanglement and ingestion injuries. When ingested, marine plastics and 

their associated chemicals may contribute to sublethal impacts on an individual. Sub-lethal impacts do 

not always lead to mortality, but effect animal function and physiology. We conducted a global 

systematic review of the sub-lethal impacts of plastic ingestion on wildlife. Of the papers returned by 

the search (n = 33), seabirds were the most studied higher-vertebrate animal group (53%). However, the 

metrics used to determine the physiological impact of plastics on animals were often based on 

unvalidated body condition indices, such as condition score or body mass indices (BMI). We recognise 

the key to understanding pollution impacts requires a comprehensive understanding of seabird 

physiology. Using a range of animal health techniques, we explored how plastics disrupt the gut health 

and physiology of the Short-tailed Shearwater (Ardenna tenuirostris) and Flesh-footed Shearwater (A. 

carneipes), two species which are directly threatened by the ingestion of plastics and associated 

chemicals. We used fatty acids (FA) analysis, which proved to be a promising tool to detect impacts in 

some shearwater species. FA in the breast muscle in Short-tailed Shearwaters showed a relationship 

with mass of plastic ingested (F4,9 = 5.15, 0.019, λ = 0.696). We then described the microbiome of 
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shearwaters with both high and low levels of ingested plastics using the Oxford Nanopore Technology's 

next generation sequencing, to determine if plastics changed the gut flora or introduced novel 

pathogens to individuals. Understanding that there is no one reliable metric to measure impact on 

wildlife, we argue for the use of multiple tools when exploring this complex toxicology issue. 

Symposium 2 – Fine scale seabird foraging behavior in relation to fisheries 
October 5, 2021: 12:00 – 14:00 UTC 

Seabird-fishery interactions revealed by bird-borne GPS and camera loggers 

Bungo Nishizawa¹, Takanori Sugawara², Jean‑Baptiste Thiebot¹, Lindsay Young³, Eric Vanderwerf³, Fumio 

Sato⁴, Naoki Tomita⁴, Hiroshi Minami⁵, Ken Yoda², Yutaka Watanuki⁶ 

¹National Institute of Polar Research, ²Nagoya University, ³Pacific Rim Conservation, ⁴Yamashina Institute 

for Ornithology, ⁵National Research Institute of Far Seas Fisheries, ⁶Hokkaido University 

Albatrosses and petrels are often attracted to fishing vessels to feed on fishery discards and bait. Large 

numbers of seabirds are killed by drowning in longline fisheries after caught on baited hooks and in 

trawl fisheries after entangled in nets. However, little is known about the spatial-temporal overlap 

between individual birds and vessels and behaviors in relation to vessels. To examine these, we attached 

both GPS- and camera- loggers on two North Pacific albatross species; 15 black-footed albatrosses 

(Phoebastria nigripes) breeding on Torishima, Japan and 20 Laysan albatrosses (P. immutabilis) breeding 

on Oahu, Hawaii, during the early chick-rearing periods. Black-footed albatrosses concentrated mainly 

along the Izu chaine and some birds used off Fukushima 600 km away from the colony. Two birds of 

them encountered pole and line fishing vessels at the north of Torishima but did not follow them. Five 

Laysan albatrosses from Hawaii encountered fishing vessels at subtropical water close to their colony 

although they travelled over the North Pacific Transition Zones up to 800 km north of the colony. With 

clear images of these fishing vessels we identified as Hawaiian tuna/swordfish longliners. These Laysan 

albatrosses detected the longliners at an average distance of 5.4 km and followed them up to 5.3 hours. 

Our study indicates the usefulness of combining bird-borne GPS and camera loggers for studying fine-

scale overlap between seabirds and fisheries and behaviors related to fishing vessels. 

Coupling bird-borne radar detectors and AIS data to assess seabird-fisheries interactions 

Leia Navarro-Herrero¹, Sarah Saldanha¹, Diego Vicente-Sastre¹, Teresa Militão¹, David March¹, Jacob 

González-Solís¹ 

¹Universitat de Barcelona 

Several seabird species are known to interact with fishing vessels to take advantage of their discards, 

which can result in accidental capture (bycatch). Bycatch is a major at-sea threat for these species and 

can cause important declines in their populations. Therefore, understanding the overlap between 

seabirds and fisheries has clear conservation implications. To assess such overlap, bio-logging combined 

with vessel tracking systems, like Vessel Monitoring System (VMS) or Automatic Identification System 

(AIS), has been widely used. Such vessel tracking systems, however, may contain gaps or errors due to 

several reasons, including the illicit manipulation (e.g. intentional switching off), or lack of adoption. 

Illegal, unreported, and unregulated (IUU) fishing activity can jeopardize the efforts to manage fisheries 

sustainably and may represent a major threat to seabird conservation. New bird-borne tags that can 

detect vessel radar emissions offer a unique opportunity for identifying fishery-independent seabird-

vessel interactions. From 2018 to 2020, we deployed vessel radar detectors on 54 individual 



15 
 

shearwaters foraging in three fishing areas over different Economic Exclusive Zones across the NW 

Mediterranean and the NW African coast. Subsequently, we compared AIS data from those areas with 

the radar detections obtained on the 120 shearwaters foraging trips. More than 50% of the trips from 

each area registered radar detections, across usual fishing grounds, showing a strong overlap between 

seabirds and fishing activity. Radar detections were mainly explained by fishing vessel locations. 

However, we detected a high proportion of radar detections that were not explained by neither fishing 

vessel locations nor domestic vessel routes, suggesting the presence of IUU fishing activity. Overall, our 

results offer new insights about the potential use of vessel radar detectors to assesses seabird-fishery 

interactions and detect potential areas of unreported vessel activity. 

Identifying seabird interactions with fisheries from GPS tracks: Automatic classification validated 

using bird-borne video recordings 

David Grémillet¹, Amélie Lescroël¹, Andréa Thiebault², Jérôme Fort¹, Pascal Provost³, Akinori Takahashi⁴, 

Clara Péron⁵ 

¹CNRS, ²NMMU, ³LPO, ⁴National Institute of Polar Research, ⁵MNHN 

The world seabird community is declining globally, and seabird-fishery interactions have been identified 

as a significant cause of this general trend. It is therefore important and urgent to better understand the 

spatio-temporal determinants of such interactions. Historically, those have been extensively studied 

using at-sea observations and dietary studies. More recently, bird-borne devices allowed tracking 

seabird behaviour over time, but it is challenging to identify seabird-fisheries interactions exclusively 

from those movement data. Fortunately, bird-borne videos have brought invaluable information on the 

subject, enabling to directly observe the surroundings of ocean wanderers. Yet, the analysis of video 

data is extremely time-consuming. Using combined deployments of GPS and video cameras, we aimed 

at identifying specific movement patterns (GPS data) associated with seabird-fisheries interactions (as 

observed from video). If such patterns can be automatically identified, the routine can then be widely 

applied to similar datasets comprising only movement data. We deployed GPS recorders and cameras 

on 37 northern gannets (Morus bassanus) foraging in the English Channel from 2011 to 2015. In 

addition, 185 gannets from the same breeding colony were equipped with GPS only across 2005-2019. 

Using statistical and modelling procedures, we analysed the fine scale foraging movements of gannets 

interacting with fisheries to identify specific movement patterns associated with seabird-fisheries 

interactions. The classification model was then applied to all GPS-tracked Northern gannets to detect 

and map the spatio-temporal dynamics of gannet-fishery interactions in the English Channel across 

2005-2019. Overall, our analysis provides a long-term perspective on seabird-fishery interactions in one 

of the most anthropized seas of the planet, and we propose a general methodology to help reach a 

better understanding of seabirds/fisheries interactions worldwide. 

Fine scale seabird foraging behaviour in relation to fisheries 

Ana Bertoldi Carneiro¹, Maria P. Dias, Steffen Oppel, Elizabeth Pearmain¹, Bethany L Clark, Andrew 

Wood², Tyler Clavelle, Richard Phillips² 

¹BirdLife International, ²British Antarctic Survey 

Advances in biologging techniques and the availability of high-resolution fisheries data have improved 

our ability to understand the interactions between seabirds and fisheries, and to evaluate mortality risk 

due to bycatch. However, it remains unclear whether it is possible to detect a characteristic behavioural 

signature in seabird movements that would indicate fine-scale interactions with vessels. Here we 
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investigated if biologging data can be used to identify a pattern indicative of vessel-following by 

deploying novel radar-detecting and immersion (activity) loggers on wandering albatrosses from South 

Georgia. We matched these data with the positions of fishing vessels obtained from the automatic 

identification system (AIS), and identified behavioural patterns using a combination of hidden Markov 

and random forest models. Including immersion data in our hidden Markov models allowed two area-

restricted-search (ARS) states to be identified, both involving slow speeds and high turning rates, one of 

which also included landings indicative of prey capture attempts; this would not otherwise be 

detectable with location data only. Birds interacted with vessels during all behavioural states identified 

(travelling, resting, and both types of ARS), and no clear pattern associated with foraging behind vessels 

was found. We were therefore unable to accurately predict whether foraging bouts occurred in the 

vicinity of a fishing vessel based on the behavioural data, suggesting that scavenging behind fishing 

vessels mirrors natural foraging in wandering albatrosses. These results underline the advantages of 

using additional devices (radar detectors) that detect vessel proximity, and matching of bird tracks with 

remotely-sensed vessel locations for a better understanding of fine-scale seabird-fishery interactions. 

Across borders: External factors and prior behavior influence North Pacific albatross associations with 

fishing vessels 

Leigh Torres¹, Rachael Orben¹, Josh Adams², Michelle Hester³, Scott Shaffer⁴, Rob Suryan⁵, Tomohiro 

Deguchi⁶, Kiyoaki Ozaki⁶, Fumio Sato⁶, Lindsay Young⁷, Melinda Conners⁸, David Kroodsma⁹, Corey 

Clatterbuck¹⁰, Melinda Conners¹⁰ 

¹Oregon State University, ²USGS, ³Oikonos Ecosystem Knowledge, ⁴San Jose State University, ⁵Alaska 

Fisheries Science Center, ⁶Yamashina Institute for Ornithology, ⁷Pacific Rim Conservation, ⁸Stony Brook 

University, ⁹Global Fishing Watch, ¹⁰San Diego State 

Understanding encounters between marine predators and fisheries can offer managers new 

perspectives on unwanted interactions to inform dynamic ocean management and predator 

conservation. Although seabird-fisheries overlap has been documented at many scales, remote 

identification of vessel encounter events has lagged because high-resolution vessel movement data 

often is lacking. We develop methods that reveal fine-scale albatross-fisheries encounters throughout 

the North Pacific Ocean. We identified commercial fishing operations using Global Fishing Watch (GFW) 

data and detection algorithms that process vessel GPS tracks to identify fishing vessels. We compiled 

GPS tracks of adult black-footed (BFAL) and Laysan (LAAL) albatrosses, and juvenile short-tailed 

albatrosses (STAL). We quantified albatross-vessel encounter events based on the assumed distance at 

which birds perceive a vessel (≤30km), and interaction events when associations were ≤3km. For each 

event we quantified bird behavior, environmental conditions, and vessel characteristics and then 

applied Boosted Regression Tree models to identify drivers of interaction events (STAL and LAAL) and 

the duration of these events (STAL). The density of fishing effort and vessel length influenced model 

explanatory power, but fishing method and flag nation did not. Temporal variables (time of day and 

month), depth and bird foraging state also helped explain when STAL approached a vessel, but 

environmental conditions were more important for explaining interaction duration. LAAL were more 

likely to approach vessels during the last 60% (by time) of their foraging trips. BFAL were the most likely 

to approach vessels (61.9% of 21 encounters), but limited vessel encounters prevented evaluation of 

meaningful explanatory models. Our analysis offers unique insight into contributing factors of high-risk 

interactions that could lead to bycatch. Given the global spatio-temporal availability of GFW vessel data, 
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our methods can be applied to other marine predators--if tracking data are available--to enhance 

dynamic ocean management and marine predator conservation. 

Change with age in the attraction and attendance to vessels of wandering albatrosses: conservation 

implications 

Henri Weimerskirch¹, Julien Collet¹, Alexandre Corbeau¹, Dominique Filippi², Adrien Pajot¹, Samantha 

Patrick³ 

¹CNRS, ²Sextant Technologies, ³University of Liverpool 

Albatrosses are well known to be attracted to vessels, but whether it is an innate behaviour, or a 

behaviour which develops with experience and age is not known. We studied this question in wandering 

albatrosses (Diomedea exulans) in the Indian Ocean by combining the AIS (Automatic Identification 

System) data with fine-scale GPS tracking data, obtained through the Ocean Sentinel program, from 

juvenile, immature, adult and old birds fitted with loggers detecting the presence and locating vessels. 

We show that attraction and attendances of albatrosses changed extensively with age and differed 

between vessel types. Fishing vessels were more attractive than other vessels to birds, and juveniles 

both encountered fewer vessels, and were less attracted to these than adults but this attraction built 

during the immature phases. We discuss the implication of these results for the conservation of this 

threatened species. 

 

Symposium 3 – Unravelling fundamental processes in seabird ecology: The role of multi-

colony studies  
October 5 12:00 – 14:00 UTC 

October 5 14:15 – 16:15 UTC 

October 6 00:15 – 02:15 UTC 

October 6 12:00 – 14:00 UTC 

Understanding the spatio-temporal seabird population responses to climate change. 

Stephanie Jenouvrier¹, David Iles¹, Heather Lynch², Rubao Ji¹, Christophe Barbraud³, Karine Delord³, 

Marika Holland⁴, Matthew Long⁴ 

¹WHOI, ²Stony Brook University, ³CEBC/CNRS, ⁴NCAR 

How will seabirds populations respond to climate variability and change? Can the dependence of 

seabirds populations on environmental conditions be quantified to enable future projections? 

Comparing seabird population dynamics and their response to environmental conditions across several 

locations provides a powerful means to assess the environmental characteristics defining the habitat 

suitability and the mechanisms driving year-to-year population fluctuations. First, we will introduce a 

conceptual model to decompose annual population growth rate at each site into two distinct 

components: the mean growth rate at the site and annual deviations from that mean. The functional 

dependence of the long-term population growth rate on mean climate state describes the habitat 

suitability curve, i.e. the environmental conditions under which populations can maintain positive mean 

growth rates and hence viable habitat conditions. Importantly, it enables understanding contrasting 

trends and responses to environmental variability of seabirds across species range. In addition, 

interannual variations in population growth rates at each site are likely dependent on variations in 

climate. This functional dependence may differ at each site, and conceptually depends on the habitat 



18 
 

suitability curve. Second, we will applied this approach to Adélie penguin spatio-temporal responses to 

sea ice. This framework can be applied to any seabirds species for which time series of population 

abundance are available at several sites, providing an unprecedented opportunity to advance our 

fundamental understanding of seabird responses to climate change. 

Age-dependent survival of Herring Gulls across 14 contrasting colonies 

Rosemarie Kentie¹, Judy Shamoun-Baranes², Arie Spaans³, Kees Camphuysen⁴ 

¹University of Amsterdam & Royal Netherlands Institute for Sea Research NIOZ, ²University of 

Amsterdam, ³retired from Wageningen Environmental Research ? WUR, ⁴Royal Netherlands Institute for 

Sea Research NIOZ 

Demographic rates such as recruitment and survival probability can vary considerably among 

populations of the same species, possibly due to spatially auto-correlated environmental processes. 

Breeding populations and foraging ranges are spatially segregated in colonial seabirds, making them 

ideal to study spatial patterns in demographic rates and their effects on local population dynamics. We 

investigated differences in age-dependent survival rates of Herring Gulls (Larus argentatus) breeding 

along the Dutch North Sea coast and we explored variation in survival among colonies in the context of 

their spatial distribution in the Netherlands. Between 1986 and 1988, per year approximately 100 nearly 

fledged individuals in 12-14 colonies received a unique colour ring, and birds have been resighted up 

until 2019 when at least one bird is known to be alive. We assessed whether survival until recruitment 

or until ten years old (their expected lifespan) explained variation in population trajectories of each 

colony. Juvenile and adult survival showed a strong, but different, north-to-south gradient in survival 

probability, while the spatial pattern of immature survival was less distinct. Recruitment nor the 

proportion of 10-year-old adults alive predicted whether a colony collapsed, declined, remained stable 

or increased. The distinct spatial pattern in survival suggests variation in regional food availability, which 

do not seem to drive local population dynamics. The absence of a link between survival and colony 

trajectories implies that connectivity between populations plays an important role affecting population 

dynamics. 

The role of multi-colony studies in understanding seabird demography 

Christophe Sauser¹, Nathan Pacoureau², Karine Delord¹, Christophe Barbraud¹ 

¹CNRS - Centre d'étude biologique de Chizé, ²Simon Fraser University 

Breeding at the right place is essential for seabirds to ensure a compromise between access to the 

resources, being safe from predation and deal with local weather. A challenge in ecology is to predict 

the demographic responses of populations in a context of climate change. Understanding demographic 

differences between multiple populations or colonies is central to determining some of the underlying 

mechanisms that drive these responses. Variability in population responses occur at large spatial scales, 

and studies have already shown different demographic strategies between several sites, but this 

understanding remains fragmentary and insufficient. However, on small spatial scales, analyzes between 

several nearby colonies have rarely been conducted, neglecting direct weather effects of other local 

effects. Here, we estimated the demographic parameters between several seabird colonies at different 

spatial scales and then assessed the differences in the demographic responses of these populations to 

environmental variations. We used individual monitoring data from three nearby colonies of snow 

petrel to investigate small-scale differences. To investigate the large-scale differences, we used two 

distant populations of closely related marine predators with similar ecological requirements, the south 
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polar skua and the brown skua. Using capture-mark-recapture models, we estimated the survival and 

reproductive performance of each species at different sites. Our results show that breeding 

performance can vary both on large and small spatial scales. In addition, for snow petrels, local weather 

conditions may affect colonies differently resulting in different demographic responses. Very few studies 

have taken into account spatial heterogeneity when studying seabird population responses and 

generally make inferences from a single study site. To draw general conclusions about these responses, 

it is necessary to study in more detail, on several sites, a greater number of species in marine 

ecosystems. 

Spatial patterns of multi-colony synchrony in the breeding success of black-legged kittiwakes Rissa 

tridactyla in the UK 

Agnes Olin¹, Neil Banas², Peter Wright³, Michael Heath², Ruedi Nager⁴ 

¹Stockholm University, ²University of Strathclyde, ³Marine Scotland Science, ⁴University of Glasgow 

The way in which demographic rates fluctuate synchronously across spatially disjunct populations can 

have important consequences for the long-term persistence of metapopulations and can also be used to 

infer drivers of population dynamics. Here, we examined spatial patterns of synchrony in the breeding 

success of black-legged kittiwakes Rissa tridactyla in the UK, making use of time series from multiple 

colonies spanning three decades. We found that the strength of breeding success synchrony declined 

with distance between colonies, but also that some groups of colonies formed spatially coherent 

clusters in which breeding success fluctuated in unison. Furthermore, the spatial patterns of synchrony 

we identified aligned well with the spatial structure of the kittiwake's main prey in this region - the 

lesser sandeel Ammodytes marinus. This thus suggests that the spatially independent and disparate 

dynamics of sandeel subpopulations filter up to the level of kittiwakes, with important consequences for 

kittiwake demography. The study shows that examining spatial patterns of multi-colony synchrony in 

demographic rates can provide useful information for identifying environmental drivers as well as the 

spatial scale over which they are acting, improving our understanding of dynamics both at the scale of 

individual and multiple colonies. 

The impact of demographic and environmental drivers on the Atlantic puffin populations: a multi-

colony perspective 

Tone Kristin Reiertsen¹ 

¹Norwegian Institute for Nature Research 

Disentangling the roles of different intrinsic and environmental factors in driving seabird population 

changes in a large-scale perspective is highly important in a rapidly changing world. For seabirds such 

studies are rare. Finding the main drivers behind adult survival and population change, are important 

since many seabird species are threatened. Unravelling the role of different factors of climate change, 

such as ocean warming and associated shifts in prey availability, and extreme weather and storms 

events which are known to cause mass mortality, and thus represent an additional and potentially 

growing threat given the predicted increase in the frequency of such events are also important. Yet, 

there may be remarkable variation among populations in terms of how climate is having an effect due to 

spatio-temporal variation in the birds' distribution as well as the physical effects of climate change. As a 

consequence, the demographic traits that drive population changes may vary among populations. In this 

study we combine demographic (productivity and survival rates) and population trend data from nine 

North-Atlantic puffin colonies from the UK, Iceland and Norway with parallel data on environmental 
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conditions in order to identify key drivers of population changes. Information from the seabird tracking 

programme SEATRACK was used to identify key non-breeding areas for each of the study colonies, 

enabling environmental covariates likely to be associated with overwinter survival (storm tracks, SST, 

large-scale climate indices and oceanographic factors) to be extracted for each population. We used 

multi-state CMR analysis, LTRE analysis and population modelling, to reveal some key ecological 

processes that underpin the relationship between puffins and their environment. Understanding these 

relationships is crucial when assessing how and where management actions could be put in place, and 

should be maintained as an integrated part of our knowledge base to support the future management of 

threatened seabirds. 

Spatio-temporal variation in chick growth and breeding success in the grey-faced petrel Pterodroma 

gouldi 

Karen Bourgeois¹, Jemma Welch², Sylvain Dromzée³, Rob Dunn⁴, Megan Friesen⁵, Matt Rayner⁶, Graeme 

Taylor², James Russell⁴ 

¹Expertise Conservation des Oiseaux Marins et de la Biodiverité Insulaire (ECOMBI), ²Department of 

Conservation, ³Office Français de la Biodiversité, ⁴University of Auckland, ⁵Saint Martin's University, 

⁶Auckland Museum 

The grey-faced petrel Pterodroma gouldi is endemic to the North Island of New Zealand. Although not 

threatened overall, this species is only abundant at a few sites, and in very small declining populations at 

most other sites. Causes for decline can be varied, but are generally introduced mammal predation or 

changes in oceanographic conditions. Independently of predation, marked variation in chick 

development and breeding success has been observed among colonies, particularly between those 

located along the East and the West coasts, and among years. We investigated the role played by adult 

foraging strategy, oceanographic conditions and predation in the variation of these breeding 

performances. East coast colonies were monitored for breeding performances during the 2011, 2012 

and 2015 breeding seasons. Both East and West coast colonies were monitored for breeding success and 

chick development as well as for adult foraging strategy during the 2013 and 2014 breeding seasons. We 

deployed GPS devices to identify foraging areas, determined the frequency of chick feeding and adult 

foraging trip duration, and evaluated trophic position by stable isotope analyses of adult and chick diet 

and their prey. We found that grey-faced petrels breeding on the East coast tended to travel further 

from their breeding ground to feed, foraging for a longer period and thus fed their chicks less frequently. 

Stable isotope analyses revealed different δ15N and δ13C values between East and West coast breeders 

suggesting the use of different trophic levels and foraging habitats during chick rearing. Oceanographic 

conditions affected chick growth while predation by introduced mammals strongly impacted breeding 

success. An understanding of seabird diet and foraging strategy informs their conservation and 

management, as monitoring seabird trophic niche dimensions, foraging areas and reproductive 

parameters can reveal causes for population declines. 

Speciation and ecological divergence in three closely related shearwater taxa: insights from migratory 

connectivity and non-breeding habitat 

Virginia Morera-Pujol¹, Paulo Catry², Maria Magalhães³, Clara Péron⁴, José Manuel Reyes-González⁵, José 

Pedro Granadeiro⁶, Teresa Militão⁵, Maria Dias⁷, Daniel Oro⁸, Giacomo Dell'Omo⁹, Martina Müller¹⁰, 

Vítor Paiva¹¹, Benjamin Metzger¹², Verónica Neves¹³, Joan Navarro¹⁴, Georgios Karris¹⁵, Stavros 

Xirouchakis¹⁶, Jacopo Cecere¹⁷, Ángel Sallent¹⁸, Manuela Forero¹⁹, Fernanda de Felipe¹, Zuzana Zajková¹, 

Marta Cruz-Flores¹, David Grémillet²⁰, Jacob González-Solís¹, Raül Ramos¹ 
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¹Universitat de Barcelona, ²ISPA-Instituto Universitário, ³Regional Secretariat for the Sea, Science and 

Technology, Regional Directorate for Sea Affairs (DRAM, ⁴Université de Montpellier, ⁵nstitut de Recerca 

de la Biodiversitat (IRBio) and Departament de 

In colonial seabirds, ecological divergence may occur in the absence of physical barriers, driven by the 

isolation of populations due to distance, or the adaptation to local environment. In migratory seabirds, 

the geographic segregation among breeding populations can persist year round (i.e., strong migratory 

connectivity) when populations breeding separately do not mix outside the breeding area either, 

segregating in different non-breeding grounds. This migratory connectivity can exacerbate the isolation 

among populations, and thus influence the genetic structure among them. We have studied the non-

breeding ecological niche and the migratory connectivity among 34 colonies of three Calonectris taxa, 

Scopoli's (C. diomedea), Cory's (C. borealis), and Cape Verde (C. edwardsii) shearwaters (805 breeding 

adults in total). To understand at what spatial scale migratory connectivity and preferences in non-

breeding environment operate, and whether they are favouring ecological divergence among 

populations, we calculated migratory connectivity and non-breeding environmental niche at a colony, 

population and taxa level. To define populations, we grouped colonies in distance-based groups formed 

by the colonies that fell within buffers of increasing radius. At a taxa level, we found ecological 

segregation among the three taxa, with a clear spatial segregation between Scopoli's shearwaters and 

the other two taxa. At a colony level, we found low migratory connectivity among colonies of both 

Cory's and Scopoli's shearwaters, indicating high degree of individual mixing in the non-breeding areas. 

However, when we grouped the colonies in distance-based populations, the migratory connectivity 

increased, and differing environmental preferences appeared among populations, indicating the 

presence of some spatial structure at a population level. Our results agree with an ecological and 

evolutionary segregation among Cory's, Scopoli's and Cape Verde shearwaters, highlighting the role of 

migratory connectivity in the process of genetic divergence of populations across a landscape without 

physical barriers. 

 

The importance of multi-colony and multi-species studies for seabird conservation 

Maria Dias¹, Ana Carneiro¹, Tammy Davies¹, Jonathan Handley¹, Elizabeth Pearmain¹ 

¹BirdLife International 

The recent development of global databases to store data has facilitated the share of information 

between researchers. The field of marine conservation has been one of the most noticeable 

beneficiaries of such collaborations. Only now, with these multi-colony datasets that encompass 

numerous species and sometimes taxa (e.g. seabirds and marine mammals), are researchers able to 

understand the "big picture" of the importance of different marine areas, and build stronger cases to 

support and advocate for their effective protection. In this talk we show several examples of how the 

Seabird Tracking Database held By BirdLife International has been used to promote seabird conservation 

based on multi-colony analyses. We will give a particular focus on studies involving a large number of 

collaborators and that resulted in a practical conservation outcome, such as 1) the identification of a 

hotspot for 23 migratory species (from 105 colonies) in the North-East Atlantic, which resulted in an 

MPA proposal in the OSPAR convention area; 2) the identification of areas of high bycatch risk for 

albatrosses and petrels in the southern ocean, based on data from 36 colonies and used to inform 

Regional Fisheries Management Organizations on bycatch mitigation measures; and 3) the identification 
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of Key Biodiversity Areas for the community of 10 seabird species breeding in multiple colonies at South 

Georgia and the South Sandwich Islands (SGSSI), where results were used to evaluate the role of the 

SGSSIMPA in covering the most important sites for the conservation of top marine predators breeding at 

this archipelago. This presentation will be focused on the challenges faced in collating data for a large 

number of species, the statistical methods to deal with different types of data and on the discussion of 

the existing conservation gaps that can be addressed with similar approaches. 

Assessing millennial-scale changes in seabird colony size using paleoenvironmental techniques: Case 

studies of Leach's Storm-Petrels in Eastern North America 

Matthew Duda¹, Gregory Robertson², Joeline Lim¹, Jennifer Kissinger³, David Eickmeyer³, Christopher 

Grooms¹, William Montevecchi⁴, Linda Kimpe³, Neal Michelutti¹, Jules Blais³, John Smol¹ 

¹Queen's University, ²Environment and Climate Change Canada, ³University of Ottawa, ⁴Memorial 

University of Newfoundland 

Many seabird populations are rapidly declining. For numerous colonies, only recent and/or sparse 

monitoring data are available that do not consider the population's long-term variability when 

developing management strategies. In our study, we used a broad spectrum of landscape-scale 

paleoenvironmental approaches on dated lake sediment cores to examine millennial-scale dynamics 

from two of the world's largest colonies of vulnerable Leach's Storm-petrel (Hydrobates leucorhous) on 

Baccalieu Island and Grand Colombier Island, both located off the coast of Newfoundland, Canada. 

Available survey data demonstrates the storm-petrel colonies have declined since the 1980s, and may 

have stabilized by the early 2000s. However, little is known about the timing and cause of the colony 

declines, nor is there information on the natural long-term variability prior to the influence of 

anthropogenic stressors. Our reconstructed populations, based on limnological changes from seabird-

derived nutrient and metal inputs preserved in sediments, corroborate the limited survey data that 

suggest a recent decline, and indicate large-scale fluctuations over millennial timescales. On Baccalieu 

Island, two distinct colony peaks were observed during the last 1,700 years, and on Grand Colombier 

Island we track at least four distinct peaks over 5,500 years. The asynchronous peaks and valleys in 

population size of the studied colonies, coupled with in-field observations and genetic analyses, provide 

evidence for recruitment and mobility of storm-petrels among colonies as key dynamics in the storm-

petrel metapopulation. Based on our results, we emphasize that the recent decline in storm-petrels is 

real and requires immediate conservation action to understand the mechanism(s) driving the decline. 

Our long-term perspectives highlight the need for protected area networks to sustain natural population 

cycles. We demonstrate paleolimnological techniques have the potential to provide a long-term context 

for the size and persistence of seabird populations, which can lead to more realistic conservation 

strategies that take into account temporal demographic dynamics across a species' range. 

Reduced foraging effort at the expanding range margin could facilitate poleward shift in a colonial 

seabird, the Northern gannet Morus bassanus 

Bethany Clark¹, Freydís Vigfúsdóttir², Sarah Wanless³, Keith Hamer⁴, Thomas Bodey⁵, Jez Blackburn⁶, 

Sam Cox⁷, Stefan Garthe⁸, David Grémillet⁹, Amélie Lescroël¹⁰, William Montevecchi¹¹, Pascal Provost¹², 

Ewan Wakefield¹³, Stephen Votier⁵ 

¹BirdLife International, ²University of Iceland, ³Centre for Ecology and Hydrology, ⁴University of Leeds, 

⁵University of Exeter, ⁶British Trust for Ornithology, ⁷Centre d'Etude Biologique de Chizé, ⁸Kiel University, 

⁹University of Montpellier, ¹⁰Point Blu 
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Species distributions are shifting poleward in response to climate change, but not all with the same pace 

or pattern. In particular, colonial predators may struggle to keep pace with prey because colony 

formation is rare. Despite its importance, little is known about the complex process of range shifting in 

colonial animals. Seabirds provide a useful model, as they are tied to land in the breeding season, but 

their marine prey is not. Existing colonies provide defence, mates and information, but also cause 

intense competition for food, which is reflected in high foraging effort as individuals must travel further 

and search for longer. As such, smaller colonies can expand more quickly than larger colonies, 

particularly if nearby foraging grounds attract recruits. The presence of nearby colonies also increases 

foraging effort due to competition, suggesting a possible benefit to being at range margins. Here we 

examine foraging trip duration and range, using data obtained from bird-borne loggers, to quantify 

effort across a large latitudinal gradient (48.15°N to 71.23°N) in the northern gannet Morus bassanus. 

This wide-ranging marine predator provides a rare example of a well-documented poleward-shifting 

seabird. We collated data representing 850 breeding gannets from 20 of the 54 currently occupied 

colonies. Trip duration and range both increased substantially with colony size. However, after 

controlling for colony size, trip duration and range also decreased significantly with latitude suggesting 

suitable conditions for gannets on the northern edge of their range but poor conditions at the southern 

edge. Lower foraging effort at the expanding range margin may allow distribution shift in colonial 

species in response to environmental change if the barriers to colony formation can be overcome. 

Diffuse patterns of at-sea movements by tropical seabirds 

Alice Trevail¹, Malcolm Nicoll², Robin Freeman², Matthieu Le Corre³, Jill Schwarz⁴, Pierre-Andre Adam⁵, 

Vincent Bretagnolle⁶, Licia Calabrese⁷, Chris Feare⁸, Audrey Jaeger³, Carl Jones⁹, Camille Lebarbenchon³, 

Ken Norris², Sabine Orlowski³, Patrick Pinet¹⁰, Virginie Plot³, Norman Rattcliffe¹¹, Gerard Rocamora¹², 

Nirmal Shah¹³, Stephen Votier¹⁴ 

¹University of Exeter, ²The Zoological Society of London, ³Université de la Réunion, ⁴University of 

Plymouth, ⁵Island Conservation Society, ⁶Centre d'Etudes Biologiques de Chize (CEBC-CNRS), 

⁷Independent Researcher, ⁸WildWings Bird Management, ⁹Durrell Wi 

Understanding marine predator distributions is essential if we hope to arrest their catastrophic declines. 

In temperate and polar seas, predictable oceanographic features create productive hotspots and 

predator aggregations, which are suitable for designation as protected areas. In the tropics, however, 

oligotrophic conditions and weaker seasonal cues limit the tendency of marine predators to form lasting 

concentrations and thereby impede our ability to identify important at-sea areas. Here, we track the 

non-breeding movements of an assemblage of tropical seabirds (n = 365 individuals, from 10 species 

and 10 colonies) from across the Western Indian Ocean. These species dispersed widely during non-

breeding, covering the entire tropical Indian Ocean, and spent no extended periods of residency in 

concentrated areas. Habitat selection models revealed divergent species-specific responses to a suite of 

environmental parameters. This in turn created even species richness with no clear hotspots, either 

when considering observed tracking data or extended to predicted distributions from colonies across 

species entire Indian Ocean range. When evaluating the marine protected area network in the region, 

areas of high species richness were not well captured by MPAs, even if predicted to be fully protected. 

Dispersive non-breeding movements of tropical seabirds in the Western Indian Ocean are in stark 

contrast to widespread patterns of biodiversity hotspots at higher latitudes and suggest that at-sea 

conservation of tropical marine predators requires re-consideration of traditional, spatial methods. This 
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is crucial given the long-term erosion of tropical seabird assemblages but encouraging strides towards 

the conservation and restoration of colonies on land. 

Climate change impacts on multi-species seabird wintering hotspots in the North Atlantic - An 

energyscape approach 

Manon Clairbaux¹, Jérôme Fort², Warren Porter³, Paul Mathewson³, William Cheung⁴, Hallvard Strøm⁵, 

Borge Møe⁶, Per Fauchald⁶, Sébastien Descamps⁷, Hálfdán Helgason⁷, Vegard Bråthen⁶, Benjamin 

Merkel⁷, Tycho Anker-Nilssen⁶, Ingar Bringsvor⁸, Olivier Chastel⁹, Signe Christensen-Dalsgaard⁶, Johannis 

Danielsen¹⁰, Francis Daunt¹¹, Nina Dehnhard⁶, Kjell Einar Erikstad⁶, Alexey Ezhov¹², Maria Gavrilo¹³, Yuri 

Krasnov¹², Magdalene Langset⁶, Svein Lorentsen⁶, Bergur Olsen¹⁴, Tone Reiersten⁶, Geir Systad⁶, Þorkel 

Þórarinsson¹⁵, Mark Baran¹⁶, Anthony Diamond¹⁶, Annette Fayet¹⁷, Michelle Fitzsimmons¹⁸, Morten 

Frederiksen¹⁹, H.Grant Gilchrist²⁰, Tim Guilford¹⁷, Nicholas Huffeldt¹⁹, Mark Jessopp¹, Kasper Johansen¹⁹, 

Amy-Lee Kouwenberg¹⁸, Jannie Linnebjerg¹⁹, Laura McFarlane Tranquilla²¹, Mark Mallory²², Flemming 

Merkel¹⁹, William Montevecchi¹⁸, Anders Mosbech¹⁹, Aevar Petersen²³, David Grémillet²⁴ 

¹University College Cork, ²LIENSs CNRS, ³University of Wisconsin-Madison, ⁴Canada Research Chair and 

the University of British Columbia, ⁵Norwegian Polar Institute, ⁶Norwegian Institute for Nature Research, 

⁷Norwegian Polar Institute, ⁸BirdLife Norway, ⁹C 

What are the forthcoming climate change impacts on the seabird community wintering in the North 

Atlantic? This is the question we addressed for five key species which represent 75% of all seabirds 

breeding in the North Atlantic (Alle alle, Fratercula arctica, Uria aalge, Uria lomvia and Rissa tridactyla), 

based on a multi-colony study. Specifically, we compiled tracking data for >1400 birds from 39 breeding 

colonies, to map their wintering distribution in the North Atlantic. We then modelled their energy 

requirements using NicheMapperTM, a mechanistic model which simulates heat exchanges between 

bird bodies and their surroundings based on species-specific morphological, physiological and behavioral 

characteristics. Further, we modelled seabird prey fields across the North Atlantic in winter, using 

Dynamic Bioclimate Envelope Models parametrized according to the methods of the Nereus Program. 

Information on seabird energy requirements and energy available through their prey were then merged 

using Resource Selection Functions, to obtain multi-species wintering energyscapes. Finally, we used 

HadGEM2-ES outputs for two climatic scenarios (RCP 2.6 and RCP 8.5) and two periods (2045-2055 and 

2090-2100) to simulate future energyscapes for each species/colony, and to predict future winter 

distributions. Through this multidisciplinary approach using biologging, remote sensing, online 

databases and an array of modelling tools, we demonstrate how the North Atlantic seabird community 

may optimize its winter distribution under the influence of global warming. Notably, we speculate that a 

series of high-latitude species might become year-round Arctic residents in the near future. Our analyses 

illustrate how global warming may impact the biogeography of migratory species at multi-colony and 

community levels, and how seascape conservation and marine management should integrate these 

upcoming major changes. 

Causes and consequences of individual variation in migratory patterns of Brown Pelicans 

Juliet Lamb¹, Yvan Satge², Caroline Poli³, Bradley Wilkinson², Autumn-Lynn Harrison⁴, Patrick Jodice⁵ 

¹University of Rhode Island, ²Clemson University, ³University of Florida, ⁴Smithsonian Conservation 

Biology Institute, ⁵U.S. Geological Survey 

Understanding the migratory patterns of seabirds is vital to developing integrated conservation 

strategies that account for demographic processes and sources of risk throughout the annual cycle. As 
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year-round residents throughout their coastal marine breeding and wintering ranges, Brown Pelicans 

(Pelecanus occidentalis) have historically been considered non-migratory. Over the past ten years, 

however, year-round GPS tracking of pelicans captured at multiple breeding colonies across their 

eastern North American range has revealed complex variation in migratory patterns and propensity 

among individuals, colonies, and geographic regions. This presentation will synthesize data gained from 

several large-scale, multi-colony telemetry studies to examine how individual characteristics, 

intraspecific interactions, and environmental variation interact to drive migratory patterns in this unique 

nearshore seabird species. Using network analyses and risk modeling, we will further assess the 

potential consequences of migratory heterogeneity for key ecological and demographic processes, 

including metapopulation structure, individual interactions, and risk exposure. Our results advance 

ecological understanding of partial migration, as well as identifying locations and periods of elevated 

vulnerability as targets for conservation and restoration action. 

Year-round exposure of pelagic Arctic-breeding seabirds to fisheries and other anthropogenic 

stressors in the Northeast Atlantic 

Arnaud Tarroux¹, Françoise Amélineau², Tycho Anker-Nilssen¹, Oskar Bjørnstad³, Ingar Bringsvor⁴, Vegard 

Bråthen¹, Olivier Chastel⁵, Signe Christensen-Dalsgaard¹, Johannis Danielsen⁶, Francis Daunt⁷, Nina 

Dehnhard¹, Sébastien Descamps², Morten Ekker⁸, Kjell Einar Erikstad¹, Alexey Ezhov¹, Per Fauchald¹, 

Maria Gavrilo⁹, Erpur Hansen¹⁰, Mike Harris⁷, Morten Helberg¹¹, Hálfdán Helgason¹², Malin Johansen², 

Magdalene Langset¹, Svein-Håkon Lorentsen¹, Mikhail Melnikov¹³, Benjamin Merkel², Børge Moe¹, Mark 

Newell⁷, Bergur Olsen⁶, Tone Reiertsen¹, Hallvard Strøm², Geir Systad¹, Paul Thompson¹⁴, Thorkell 

Thorarinsson¹⁵, Ekaterina Tolmacheva¹⁶, Sarah Wanless⁷, Katarzyna Wojczulanis-Jakubas¹⁷, Jens Åström¹, 

Morten Frederiksen¹⁸, Marie-Anne Blanchet¹⁹, Mark Jessopp²⁰, Jamie Darby²⁰, April Hedd²¹, Jón Einar 

Jónsson²² 

¹Norwegian Institute for Nature Research, ²Norwegian Polar Institute, ³Karmøy Ringmerkingsgruppe, 

⁴Norsk Ornitologisk Forening Møre og Romsdal, ⁵Centre d?Etudes Biologiques de Chizé. CNRS-Université 

de La Rochelle, ⁶Faroe Marine Research Institute, ⁷UK Ce 

Anthropogenic pressure on marine ecosystems has increased dramatically during the last decades, 

indirectly through the effects of global warming and directly through the impacts of fisheries as well as 

industrial and other commercial activities. This is particularly true for the Northeast Atlantic Ocean. 

Sustainable use of marine resources in the future requires adequate scientific data about the 

distribution of marine species at spatiotemporal scales matching the high environmental variability 

inherent in northern marine ecosystems. Pelagic seabirds are good indicators of the state of marine 

ecosystems, and are particularly sensitive to anthropogenic stressors. However, the dynamic and elusive 

nature of seabirds' spatial distributions make their study and conservation particularly challenging. Our 

main goal was to identify the current areas of potentially high exposure of seabirds to anthropogenic 

stressors and investigate their spatiotemporal dynamics. To this end, we combined data on seabird 

distribution to publicly available data on a suite of anthropogenic stressors (fishing effort, oil & gas 

exploitation, ship traffic) with a unique large spatial- and fine temporal-scale seabird distribution 

dataset. The seabird dataset provided us with the first year-round and spatially-explicit estimation of 

monthly abundances of six pelagic seabird species (northern fulmar, common & Brünnich's guillemot, 

little auk, Atlantic puffin, black-legged kittiwake), at the scale of the entire North Atlantic. It covers 37 

breeding colonies and >2000 birds in total, and was developed under the SEATRACK project, and 

allowed us to assess the vulnerability, throughout their annual cycle, of our six study species. Our results 
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highlight the occurrence of high-risk areas between fisheries and the distributions of several pelagic 

seabird species, e.g. around Iceland and in the Barents Sea. Concurrently, we found evidence of strong 

spatiotemporal variation in the level of overlap between the distributions of seabirds and anthropogenic 

stressors. Our results also suggest that for conservation policies to be effective, they will need to 

integrate the highly dynamic nature of high vulnerability areas to seabirds in the North Atlantic. 

A spatial ecotoxicology approach at multi-colony and multi species scales unravels mercury 

distribution in wintering seabirds across the North Atlantic Arctic 

Céline Albert¹, Børge Moe², Vegard Bråthen², Halfdan Helgason³, Jens Aström², Françoise Amélineau⁴, 

Tycho Anker-Nilssen², Frédéric Angelier⁵, Maud Brault-Favrou¹, Ingar Bringsvor², Paco Bustamante¹, 

Thomas Carlsen⁶, Olivier Chastel⁵, Signe Christensen-Dalsgaard², Johannis Danielsen⁷, Francis Daunt⁸, 

Sébastien Descamps⁴, Kjell Einar Erikstad², Alexei Ezhov⁹, Geir Gabrielsen⁴, Maria Gavrilo¹⁰, David 

Grémillet¹¹, Gunnar Hallgrimsson¹², Erpur Hansen¹³, Sveinn-Are Hanssen², Jón Jonsson¹², Yann 

Kolbeinsson¹⁴, Yuri Krasnov⁹, Magdalene Langset², Jérémy Lemaire¹, Svein-Håkon Lorentsen², Benjamin 

Merkel⁴, Mark Newell⁸, Bergur Olsen⁷, Sunna Ragnarsdottir¹⁵, Tone Reiertsen², Kjetil Sagerup¹⁶, Geir 

Systad², Arnaud Tarroux², Grigori Tertitski¹⁷, Paul Thompson¹⁸, Katarzyna Wojczulanis-Jakubas¹⁹, Thorkell 

Thórarinsson¹⁴, Hallvard Strøm⁴, Jérôme Fort²⁰ 

¹Institut Littoral Environnement et Sociétés, ²NINA, ³East Iceland Nature Research Centre, ⁴NPI, ⁵CEBC, 

⁶NIBIO, ⁷Faroe Marine Research Institute, ⁸Center for Ecology and Hydrology, ⁹Murmansk Biological 

Institute, ¹⁰Arctic and Antarctic Research Institute, 

Mercury (Hg) is a natural element that has increased in the environment because of human activities. 

Being of high concern for both human and wildlife, Hg is mostly emitted in northern mid-latitudes and 

then transported over large distances to the Arctic, through river, oceanic and atmospheric currents. 

Once deposited in the marine environment, Hg enters the food chains where it bioamplifies, making top 

predators like seabirds some of the most contaminated and vulnerable Arctic species. Understanding Hg 

contamination in Arctic seabirds and its spatio-temporal origin is essential to evaluate risks associated 

with Hg emissions that continue to increase globally. Furthermore, Arctic seabirds, which comprise the 

most numerous species in the Arctic, are considered as good bioindicators. Indeed, their large- scale 

distribution and contrasting ecologies provide essential information for large-scale Hg assessment. Most 

previous studies investigating seabird Hg contamination have focused on their breeding season, when 

seabirds show high and spatially contrasting Hg concentrations across the Arctic. Recent studies 

highlight that the non-breeding period may be a critical part of their life cycle, when Hg contaminations, 

up to five-time higher than during summer, could have consequences on their winter survival and 

subsequent reproduction. It is therefore crucial to identify to what extent and where Arctic seabirds 

become contaminated during the non-breeding period, and which migratory strategies and wintering 

grounds are most at risk. Here, we combined tracking data with Hg analyses in nine seabird species 

breeding at 30 sites around the Atlantic Arctic. As a result, we mapped the non-breeding Hg distribution 

in Arctic seabirds at large spatial scale, unrevealing an East-West gradient and highlighting hotspots of 

Hg contamination in the northwest Atlantic. Such results demonstrate the role of seabird migration in 

their Hg contamination, the vulnerability of some populations and their role as bioindicators of Hg 

spatial variations in marine ecosystems. 
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Dynamics of prey and predator movements in linked metapopulations 

Lauren Scopel¹, Antony Diamond¹, Stephen Kress², Paula Shannon³, Linda Welch⁴, Sara Williams⁴ 

¹University of New Brunswick, ²Cornell University, ³National Audubon Society Seabird Restoration 

Program, ⁴U.S. Fish and Wildlife Service 

The Gulf of Mane (Northwest Atlantic) supports a long-term and large-scale seabird monitoring 

program, encompassing more than a dozen colonies and thirty years of data. This ecosystem has been 

subject to marine heatwaves and steep declines in commercially fished Atlantic herring (Clupea 

harengus), allowing for a variety of investigations into seabird-ecosystem relationships. We present two 

studies involving large-scale data collection that each revealed new insights into ecosystem quality and 

function. One study linking seabird chick provisioning data to fishery and fishery-independent herring 

data indicated that herring declines were not uniform across the ecosystem; the relevant management 

units used by the fishery obscured smaller-scale changes to herring abundance that were particularly 

severe in the east. Seabird data also potentially illustrate movements of juvenile herring and show that 

Canadian-origin herring spend their first summers in the USA. Our second study examines the 

population dynamics and habitat quality of Arctic Terns (Sterna paradisaea), typically a widely dispersed 

and inaccessible seabird. We determined the source-sink status of each colony annually in our 

metapopulation, and linked it to habitat quality over 27 years. Each colony had unique diet profiles that 

prevented any single variable from being used as an index, but when examined together indicated high-

quality and low-quality years. Impacts of mesopredator Laughing Gulls (Leucophaeus atricilla) were 

nearly impossible to quantify at a local scale, but became clearer at a metapopulation scale, inhibiting 

reproductive success and demographic contribution. These insights would not have been possible 

without data from multiple colonies, which allowed for synergistic conclusions. 

Devil's in the details: A multi-colony perspective on the foraging ecology of western gulls 

Scott Shaffer¹, Rachael Orben², Pete Warzybok³, Russell Bradley⁴, Jaime Jahncke³, Leigh Torres², Robert 

Suryan⁵, Corey Clatterbuck⁶, Hillary Young⁷ 

¹San Jose State University, ²Oregon State University, ³Point Blue Conservation Science, ⁴California State 

University - Channel Islands, ⁵National Oceanic and Atmospheric Administration, ⁶San Diego State 

University, ⁷University of California 

Plasticity in foraging behavior among individuals within a colony can reduce competition but few studies 

have compared the generality of foraging patterns among individuals from multiple breeding colonies. 

Western gulls (Larus occidentalis) are generalist foragers that consume a range of marine and terrestrial 

foods but multi-colony comparisons are limited. Here, we used tail-mounted GPS loggers to compare 

the foraging behavior of 156 western gulls breeding at seven colonies ranging from southern California 

to Oregon, USA. Colonies varied dramatically in population size (100 to 10,000 nests) and distance from 

the mainland (<1 to 60 km). Foraging behavior was significantly influenced by proximity to urban centers 

(e.g. Los Angeles & San Francisco) where gulls traveled farther (>150 km roundtrip) and for longer 

durations (12-24 hrs) compared to foraging excursions at sea. More than 50% of all gulls (predominantly 

from the largest colonies) exhibited a mixture of marine and terrestrial foraging whereas gulls from both 

smaller colonies in Oregon foraged mainly at sea. Foraging sites on land included landfills, waste 

management centers, and parks whereas marine habitats were primarily over neritic waters or along 

coastlines. Colony-specific home range varied with colony size (2,034 km^2 vs. 14,230 km^2, smallest 

and largest colony, respectively) as did mean individual home ranges (309 ± 311 SD km^2 vs. 986 ± 786 

SD km^2, respectively), consistent with greater resource competition. Population-level plasticity in 
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foraging behavior was evident and dependent on habitat type. In general, gulls from the larger more 

distant colonies were away longer when foraging in terrestrial habitats than gulls foraging at sea, and 

this may impact territorial defense and attempts at nest predation by conspecifics. 

Across the North Pacific, dietary-induced stress of breeding rhinoceros auklets increases with high 

summer Pacific Decadal Oscillation index 

Ui Shimabukuro¹, Akinori Takahashi², Jumpei Okado³, Nobuo Kokubun², Jean-Baptiste Thiebot⁴, Alexis 

Will⁵, Yutaka Watanuki³, BriAnne Addison⁶, Scott Hatch⁷, J. Mark Hipfner⁸, Leslie Slater⁹, Brie 

Drummond⁹, Alexander Kitaysky⁵ 

¹The Graduate University for Advanced Studies, SOKENDAI, ²The Graduate University for Advanced 

Studies, SOKENDAI & National Institute of Polar Research, ³Hokkaido University, ⁴National Institute of 

Polar Research, ⁵University of Alaska Fairbanks, ⁶Deakin 

Multi-colony studies of breeding seabirds may provide insights into the mechanistic links between large-

scale climate variability and local changes in prey availability. In the North Pacific, the Pacific Decadal 

Oscillation (PDO) is a dominant climate index, characterized by contrasting effects on sea surface 

temperature between the western and eastern North Pacific. To examine how inter-annual variability in 

PDO affects rhinoceros auklets Cerorhinca monocerata across the North Pacific, we measured inter-

annual changes in nutritional stress (as reflected in plasma levels of corticosterone) of adults breeding 

on five colonies (two and three colonies from the western and eastern Pacific, respectively). We also 

examined concurrent changes in mass and energy content of food loads delivered to chicks. We found 

that higher summer PDO values were associated with increased corticosterone levels and lower mass 

and energy contents of the food loads in both the western and eastern North Pacific colonies. Results 

indicate that higher summer PDO is associated with local changes in forage fish communities leading to 

reduced availability of energy-rich prey, which, in turn, increases the nutritional stress of breeding birds. 

We conclude that higher summer PDO index is associated with food-poor conditions for breeding 

rhinoceros auklets across their reproductive range, and prolonged periods of high summer PDO may be 

detrimental to the populations of this seabird species. 

Foraging range scales with seabird colony size 

Allison Patterson¹, Grant Gilchrist², Anthony Gaston², Sigurd Benjaminsen³, Mark Bolton⁴, Sebastien 

Descamps³, Kjell Erikstad⁵, Morten Frederiksen⁶, Jannie Linnebjerg⁶, Oliver Love⁷, Mark Mallory⁸, 

Flemming Merkel⁶, William Montevecchi¹, Anders Mosbech⁶, Ellie Owen⁴, Paul Regular⁹, Tone 

Reiertsen⁵, Yan Ropert-Coudert¹⁰, Thorkell Thórarinsson¹¹, Anne Sophie Bonnet-Lebrun¹², Gail Davoren¹³, 

Julia Gulka¹³, Jonas Hentati-Sundberg¹⁴, Nicholas Huffeldt⁶, Kasper Johansen⁶, Aili Labansen¹⁵, Olof 

Olsson¹⁶, Norman Ratcliffe¹², Hallvard Strøm¹⁷, Kyle Elliott¹ 

¹McGill University, ²Environment and Climate Change Canada, ³Norwegian Polar Institute, ⁴Royal Society 

for the Protection of Birds, ⁵Norwegian Institute for Nature Research, ⁶Aarhus University, ⁷Windsor 

University, ⁸Acadia University, ⁹Fisheries and Ocean 

Density dependent prey depletion around breeding colonies has long been proposed as an important 

factor controlling the population dynamics of colonial animals. Colonial breeding provides benefits to 

members via information sharing and reduced predation, but may create costs via negative density-

dependence. Using tracking data from murres (Uria spp.), the world's most densely breeding seabirds, 

we show that the frequency distribution of foraging trip distances scales to the 0.31 power of colony 

size during the chick-rearing stage, consistent with Ashmole's Halo theory. This pattern was evident 
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across colonies varying in size over three orders of magnitude and distributed throughout the North 

Atlantic region. The strong relationship between colony size and foraging range means that important 

foraging habitat for some colonial species can be efficiently delineated based solely on population 

estimates. Protected areas covering the foraging ranges of the 17 largest colonies would safeguard two-

thirds of the North Atlantic population; currently, only two of those colonies have significant coverage 

by marine protected areas. Our results represent an important example of how behavioural modelling, 

in this case Ashmole's version of central place foraging theory, can be applied to inform conservation 

and management in colonial breeding species. 

 

Drivers of seabird movements and their fitness consequences: insights from multi-colony tracking 

Annette Fayet¹ 

¹University of Oxford 

Seabirds are highly mobile animals, flying vast distances across open oceans on a single foraging trip or a 

long migration journey. Identifying the drivers of seabird movements, and the fitness consequences of 

variation in these movements, is key to understanding the mechanisms shaping their ecology and 

ultimately to predict how their distribution and populations may be affected by environmental change. 

Multi-colony studies are a powerful tool to identify large-scale ecological drivers of seabird movement, 

measure variation between populations and understand how these may affect population dynamics. I 

illustrate this claim with three examples of multi-colony studies I have recently been leading, from a 

small-scale comparison of two populations to an ocean-wide study, all of which have yielded important 

ecological findings. First, studying the spatial ecology and breeding behaviour of two seemingly similar 

populations of tropicbirds in the Indian Ocean reveals stark differences between the two locations, 

suggesting underlying differences in environmental conditions and highlighting the need for distinct 

conservation approaches. Second, a larger-scale comparison of the foraging ecology of four colonies of 

Atlantic puffins in the UK, Iceland and Norway with different population trends and breeding 

performance helps us to identify drivers of population declines. Finally, a species-wide study of thirteen 

puffin colonies across the North Atlantic unveils key ecological drivers of migration. 

Interspecific variation in non-breeding aggregation: a multi-colony tracking study of two sympatric 

seabirds 

Lila Buckingham¹, Maria Bogdanova¹, Jonathan Green², Bob Furness³, Francis Daunt¹ 

¹UK Centre for Ecology and Hydrology, ²University of Liverpool, ³MacArthur Green 

Migration is a widespread strategy for escaping unfavourable conditions during winter, but the extent to 

which populations that segregate during the breeding season aggregate during the non-breeding season 

is poorly understood. Whilst segregation may be associated with higher overall likelihood of overlap 

with threats, but fewer populations affected, aggregation may result in a lower probability of exposure 

to threats, but higher overall severity. We investigated non-breeding distributions and extent of 

population aggregation in two sympatrically breeding auks. We deployed geolocators-immersion loggers 

on common guillemots Uria aalge and razorbills Alca torda at eleven colonies around the north of the UK 

and tracked their movements across two non-breeding seasons (2017-18; 2018-19). Using 290 guillemot 

and 135 razorbill tracks, we mapped population distributions of each species and compared population 

aggregation during key periods of the non-breeding season: post-breeding moult and mid-winter, 

observing clear interspecific differences. Razorbills were largely distributed in the North Sea, whereas 
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guillemot distributions were spread throughout Scottish coastal waters and the North, Norwegian and 

Barents Seas. We found high levels of aggregation in razorbills and a strong tendency for colony-specific 

distributions in guillemots. Therefore, razorbills are predicted to have a lower likelihood of exposure to 

marine threats, but more severe potential impact due to the larger number of colonies affected. This 

interspecific difference may result in divergent population trajectories, despite the species sharing 

protection at their breeding sites. We highlight the importance of taking whole-year distribution into 

account in spatial planning to adequately protect migratory species. 

Using multi-colony tracking to understand the foraging ecology of two sympatrically breeding auks 

around Iceland 

Anne-Sophie Bonnet-Lebrun¹, Jason Matthiopoulos², Þorkell Þórarinsson³, Yann Kolbeinsson³, Thomas 

Larsen⁴, Patrick Roberts⁴, Morten Frederiksen⁵, Aude Boutet¹, Derren Fox¹, Tim Morley¹, Kirsty Franklin⁶, 

Kayleigh Jones¹, Erpur Hansen⁷, Norman Ratcliffe¹ 

¹British Antarctic Survey, ²Institute of Biodiversity, Animal Health and Comparative Medicine, ³Northeast 

Iceland Nature Research Centre, ⁴Max Planck Institute for the Science of Human History, ⁵Aarhus 

University, ⁶University of East Anglia, ⁷South Icelan 

The rapidly changing climate in the Arctic is expected to have significant impacts on seabird foraging 

ecology, mediated through changes in the distribution and abundance of their prey but also the 

distribution of competitors (e.g. with southerly species expanding into the Arctic). Here we study how 

the environment and competition interactions affect the foraging ecology and abundance of two closely 

related species breeding in sympatry in several colonies around the Arctic: the common guillemot (a 

temperate species) and Brünnich's guillemot (an Arctic species). For this, we tracked the two species 

during the breeding season with GPS and temperature-depth recorders at five colonies around Iceland, 

which is surrounded by contrasted marine environments (due to different cold and warm currents). We 

relate the habitat use of the two species to available environmental conditions around each site and 

colony size. We then relate population counts and trends to surrounding temperature and competition. 

We find different foraging behaviours and different degrees of overlap between the two species among 

the different sites, but not always more pronounced segregation in the biggest colony. Nevertheless, 

even though we found evidence of segregation at most sites, we did not find any effect of competition 

at the population level. 

How do seabird migrations differ from other bird migrations? An assessment on six pelagic species of 

the North Atlantic 

Françoise Amélineau¹, Benjamin Merkel¹, Arnaud Tarroux², Sébastien Descamps¹, Tycho Anker-Nilssen², 

Oskar Bjørnstad³, Vegard Bråthen², Olivier Chastel⁴, Signe Christensen-Dalsgaard², Johannis Danielsen⁵, 

Francis Daunt⁶, Nina Dehnhard², Morten Ekker⁷, Kjell Einar Erikstad², Alexey Ezhov⁸, Per Fauchald², 

Maria Gavrilo⁹, Gunnar Hallgrímsson¹⁰, Erpur Hansen¹¹, Mike Harris¹², Morten Helberg¹³, Hálfdán 

Helgason¹⁴, Malin Johansen¹, Jon Jónsson¹⁵, Yann Kolbeinsson¹⁶, Yuri Krasnov⁸, Magdalene Langset², 

Svein-Håkon Lorentsen², Erlend Lorentzen¹, Mikhail Melnikov¹⁷, Børge Moe², Mark Newell¹², Bergur 

Olsen⁵, Tone Reiertsen², Geir Systad², Paul Thompson¹⁸, Thorkell Thorarinsson¹⁹, Ekaterina 

Tolmacheva²⁰, Sarah Wanless¹², Katarzyna Wojczulanis-Jakubas²¹, Jens Åström², Hallvard Strøm¹ 

¹Norwegian Polar Institute, ²Norwegian Institute for Nature Research, ³Karmøy Ringmerkingsgruppe, 

⁴Centre d'Etudes Biologiques de Chizé. CNRS-Université de La Rochelle, ⁵Faroe Marine Research Institute, 

⁶Centre for Ecology & Hydrology, ⁷Norwegian Environm 
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Bird migration is commonly defined as a seasonal movement between breeding and wintering grounds. 

It is generally assumed to involve relatively straight and directed movement stretches, often with a 

latitudinal change, and characteristic daily activity patterns comprising less or no foraging and more 

traveling time. In addition, the spatial scale of movement is one order of magnitude larger during 

migratory stretches than during stationary periods. Here, our main objective was to test how well those 

statements apply to seabirds. Our first goal was to separate migratory stretches from stationary periods. 

Based on this characterization of the movements during the wintering period, our second goal was to 

compare the migration tactics between species and colonies. To this end, we used an extensive light-

logger geolocator-based positional dataset on six pelagic seabird species (northern fulmar, common 

guillemot, Brünnich's guillemot, little auk, Atlantic puffin, black-legged kittiwake) from 29 colonies of the 

North-East Atlantic and several years, tracked as part of the SEATRACK project. Migratory stretches were 

identified based on track characteristics (movement rate, latitude, longitude). Additionally, we used the 

data obtained from conductivity sensors integrated to each light-logger to infer time spent flying, and 

when possible resting and foraging. During the non-breeding season, the six species had, on average, 

three to four migratory stretches and two to three distinct stationary periods. On average, tracked 

individuals spent the winter at lower latitudes than their breeding sites and followed specific migration 

routes rather than non-directionally dispersing from their colonies. Differences in daily activity patterns 

were small between migratory and stationary periods, suggesting that all species continued to forage 

and rest while migrating. Such a migratory strategy can be qualified as a "fly-and-forage". Our results 

show the importance of habitats visited during seabird migrations. Those habitats are not just flown 

over, but may be important for re-fuelling. 

Multicolony tracking of European shags reveal a latitudinal gradient in non-breeding migration and 

foraging strategies 

Børge Moe¹, Francis Daunt², Vegard Bråthen¹, Robert Barrett³, Manuel Ballesteros¹, Oskar Bjørnstad⁴, 

Nina Dehnhard¹, Kjell Einar Erikstad¹, Arne Follestad¹, Sindri Gíslason⁵, Gunnar Thor Hallgrímsson⁶, Svein-

Håkon Lorentsen¹, Mark Newell, Aevar Petersen⁷, Richard Phillips⁸, Sunna Ragnarsdóttir⁹, Tone Kristin 

Reiertsen¹, Jens Astrom, Sarah Wanless², Tycho Anker-Nilssen¹ 

¹Norwegian Institute for Nature Research, ²Centre for Ecology & Hydrology, ³UiT The Arctic University of 

Norway, ⁴Norsk Ornitologisk Forening, ⁵Southwest Iceland Nature Research Centre, ⁶University of 

Iceland, ⁷n/a, ⁸British Antarctic Survey, ⁹Icelandic I 

The winter period is an energetic bottle neck for seabirds, challenging them with increased energy 

requirements due to higher thermoregulatory costs, diminished food resources, higher frequency of 

extreme weather events and shorter day lengths. These effects vary across latitudinal gradients of 

environmental severity. A critical question is therefore how individuals at higher latitudes in the 

breeding range obtain sufficient food to survive the winter. Specifically, it is unclear the extent to which 

individuals, a) migrate to lower latitudes to exploit longer day length, b) forage at night, or c) target 

higher quality food patches to minimise foraging time. We studied the migration and foraging strategies 

of European shags from six colonies across a latitudinal gradient spanning the Arctic Circle using 

geolocator/immersion loggers deployed over eight different winters. This species is a good candidate to 

test these questions since it has wettable plumage which results in high foraging costs during winter. We 

found that a proportion of individuals from higher-latitude populations remained resident in winter. In 

the absence of daylight they foraged during twilight and occasionally also during the night. The 

remainder of the population migrated south, benefiting from the longer photoperiod. At lower latitudes, 
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there was little evidence that individuals migrated south and nocturnal feeding was absent, suggesting 

that there was sufficient daylight in winter. For no population was there evidence that foraging time was 

lowest in winter, which would suggest that prey availability changes less than expected. Thus, our 

results suggest responses to environmental conditions vary with latitude, and that individuals from 

higher latitudes may migrate south or increase crepuscular or nocturnal foraging. Our results 

demonstrate the range of individual strategies that enables a species to survive and breed across a 

marked latitudinal gradient. 

Drivers of red-billed tropicbird foraging ecology: a multi-colony approach 

Sarah Saldanha¹, Sam Cox², Teresa Militão³, Ngoné Diop⁴, Carolino dos Rei Fernandes⁵, Nadito Barbosa⁵, 

Ivandra Gomes⁵, Marcos Hernández-Montero⁶, Hervé Demarcq², Papa Ibnou Ndiay⁴, Jacob González-

Solís¹ 

¹Institut de Recerca de la Biodiversitat (IRBio) and Universitat de Barcelona, ²UMR MARBEC, Institut de 

Recherche pour le Développement (IRD), Ifremer, Université de Montpellier, C, ³Institut de Recerca de la 

Biodiversitat (IRBio) and Universitat de Barce 

Knowledge of where and when seabirds forage is crucial for both, understanding their basic biology and 

effective marine conservation management. However, such information is lacking for many species, 

particularly in tropical areas where the environment is considered relatively homogeneous. Here, the 

foraging ecology of breeding red-billed tropicbirds (Phaethon aethereus), a poorly studied pantropical 

species, was investigated across 8 breeding colonies of the Eastern Atlantic to identify whether 

oceanographic features and fish aggregation devices (FAD) can predict the at sea behaviour of this 

species. From 2017 to 2019, we recovered 435 GPS from adults breeding in Cabo Verde (7 colonies, n = 

410) and Senegal (1 colony, n = 25). GPS positions were categorised into discrete behavioural states 

(foraging, resting and travelling) using a three-state Hidden Markov Model and, when available, verified 

using wet-dry data from geolocators. Based on these classifications we then identified and compared 

the core foraging areas, foraging habitat preferences and activity patterns between different regions, 

islands, colonies, seasons, breeding stages and individuals. We also compared the trajectories and 

foraging behaviour of tropicbirds with GPS-tracked FADs to understand fine-scale interactions with 

these devices. Core foraging areas were significantly smaller in Senegal, potentially because of higher 

resource availability associated with the upwelling system. Low association with mesoscale 

oceanographic features and strong baseline differences in environmental variables suggest it is 

inappropriate to extrapolate foraging habitat preferences across individuals, seasons, colonies or 

regions. However, feeding tropicbirds seem to interact and follow FADs suggesting that they associate 

with specific environmental signals, when available. Our results provide some of the first in-depth 

knowledge on the foraging ecology of red-billed tropicbirds and their fine-scale association with FADs 

and underline substantial colony-level differences and low environmental predictability, complicating 

effective conservation management of seabirds and other top predators in tropical regions. 

Strong migratory connectivity across meta-populations of sympatric North Atlantic seabirds 

Benjamin Merkel¹, Sébastien Descamps², Nigel Yoccoz³, David Grémillet⁴, Per Fauchald⁵, Jóhannis 

Danielsen⁶, Francis Daunt⁷, Kjell Erikstad⁵, Alexey Ezhov⁸, Mike Harris⁹, Maria Gavrilo¹⁰, Svein-Håkon 

Lorentsen⁵, Tone Reiertsen⁵, Geir Systad⁵, Thorkell Thorarinsson¹¹, Sarah Wanless⁹, Hallvard Strøm² 

¹Akvaplan-niva, ²Norwegian Polar Institute, ³University of Tromsø?The Arctic University of Norway, 

⁴Centre d'Etudes Biologiques de Chizé, ⁵Norwegian Institute for Nature Research, ⁶Faroe Marine 

Research Institute, ⁷Centre for Ecology & Hydrology,, ⁸Murman 
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Identifying drivers of population trends in migratory species is difficult, as they can face many stressors 

while moving through different areas and environments during the annual cycle. To understand the 

potential of migrants to adjust to perturbations, it is critical to study the connection of different areas 

used by different populations during the annual cycle (i.e. migratory connectivity). Using a large-scale 

tracking data set of 662 individual seabirds from 2 sympatric auk meta-populations (common guillemots 

Uria aalge and Brünnich?s guillemots U. lomvia) breeding in 12 colonies throughout the Northeast 

Atlantic, we estimated migratory connectivity in seasonal space use as well as occupied environmental 

niches. We found strong migratory connectivity, within and between species. This was apparent through 

a combination of seasonal space use and occupied environmental niches. Brünnich?s guillemot 

populations grouped into 2 and common guillemot populations into 5 previously undescribed 

spatiotemporal clusters. Common guillemot populations clustered in accordance with the variable 

population trends exhibited by the species, while Brünnich?s guillemot populations are declining 

everywhere where known within the study area. Individuals from different breeding populations in both 

species were clustered in their space and environmental use, utilising only a fraction of the potential 

species-wide range. Further, space use varied among seasons, emphasising the variable constraints 

faced by both species during the different stages of their annual cycle. Our study highlights that 

considering spatiotemporal dynamics, not only in space but also in occupied environmental niches, 

improves our understanding of migratory connectivity and thus population vulnerability in the context 

of global change. 

 

Symposium 4 – Marine renewables and seabirds: How can behavioural and ecological 

insights inform sustainable planning and development 
October 5 14:15 – 16:15 UTC 

October 6 12:00 – 14:00 UTC 

October 6 14:15 – 16:15 UTC 

 

Exploring fine-scale seabird usage of tidal-stream environments - Using drones as an ecological survey 

tool 

James Slingsby¹, Benjamin Williamson¹, Louise Kregting², Jason McIlvenny¹, Jared Wilson³, Julien Martin⁴, 

Beth Scott⁵ 

¹University of the Highlands and Islands, ²Queen's University Belfast, ³Scottish Government, ⁴University of 

Ottawa, ⁵University of Aberdeen 

Tidal-stream environments are characterised as areas of water motion that are turbulent along 

coastlines which produce predictable high current velocities in excess of 1 ms-1. Due to site-specific 

topography and bathymetry these environments produce complex motions of fluid, resulting in distinct 

features (boils, eddies, jets and shear lines), that vary across small spatio-temporal scales (<10 m and <1 

min). Seabirds utilise these features, with it being theorised that they create periods of increased food 

availability, and foraging efficiency, due to aggregating or disorientating prey species. Current literature 

indicates a need to examine these turbulent environments at a higher spatial and temporal resolution. 

This is to increase the accuracy of habitat characterisation, uncover new drivers of top predator usage, 

and in doing so help to better inform on the potential ecological impacts of tidal-energy developments. 
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Drones offer the ability to collect cost-effective datasets, which are suitable for the capture of fine-scale 

interactions occurring between seabirds and habitat features. With the advancement of sensory 

instrumentation, and the development of image processing techniques, we can also increase both the 

frequency and accuracy of these data. Drone imagery, previously collected from the MeyGen tidal 

energy site in the Pentland Firth in Scotland, will be used. This was gathered alongside continuous 

vessel-based surveys which collected active acoustic and observer data. An examination of fine-scale 

seabird distribution and behaviour (flying, loafing and diving), against a range of defined feature 

characteristics and existing tidal variables, will be undertaken. The image processing methods used to 

detail drone-derived, ecologically relevant, seabird and hydrodynamic data will be presented. 

Preliminary findings with regards to fine-scale seabird distribution and behaviour will also be displayed. 

Investigating the foraging habitat of black guillemots in relation to tidal stream turbines 

Daniel Johnston¹, Robert Furness², Alexandra Robbins³, Glen Tyler¹, Elizabeth Masden⁴ 

¹British Trust for Ornithology, ²MacArthur Green Ltd, ³Scottish Natural Heritage, ⁴Environmental 

Research Institute 

Tidal streams are a developing source of renewable energy and an important foraging habitat for several 

species of seabird. The north of Scotland is host to the world's first array of tidal stream turbines, 

constructed within the Inner Sound of the Pentland Firth. Inshore diving seabirds such as black 

guillemots Cepphus grylle are known to associate with tidal currents and dive to depths at which tidal 

turbines will operate. Black guillemots were therefore highlighted as vulnerable to foraging habitat 

alterations caused by turbine deployment and are at potential risk to collision with turbine blades. 

However, the extent to which these devices will affect black guillemots is unknown due to a lack of more 

detailed knowledge regarding their foraging ecology. This study addresses this knowledge gap by using 

GPS tracking technology to identify spatial and temporal aspects of foraging behaviour and habitat use. 

Thirteen adult black guillemots were GPS tracked during the 2016 and 2017 breeding seasons from 

Stroma, Caithness, an island of interest due to its close proximity to the MeyGen tidal lease area within 

the Inner Sound. Individuals displayed clear preference for specific foraging locations, associating 

strongly outside or within tidal streams. The foraging behaviour of individuals using the tidal stream was 

found to be associated with a narrow range of tidal velocities and depths. Foraging locations are 

potentially related to hydrodynamic features forming within these conditions, which are thought to 

aggregate prey. The MeyGen lease area generally contained faster tidal velocities and deeper depths 

than those associated with foraging, leading to minimal direct overlap. This research highlights the 

characteristics of tidal streams with which black guillemots associate. Such knowledge is vital when 

predicting the impact of tidal turbine installations on marine wildlife through environmental or habitat 

alteration. 

Seabird use of tidal stream environments and potential interactions with tidal energy devices 

Natalie Isaksson¹, Benjamin Williamson¹, Jonathan Houghton², Jared Wilson³, Elizabeth Masden¹ 

¹University of the Highlands and Islands, ²Queen's University Belfast, ³Marine Scotland Science 

Marine renewables, including tidal energy devices, are increasingly being deployed across the world to 

mitigate climate change. However, there are concerns that marine wildlife will experience negative 

interactions with such devices, for instance through collisions or displacement. The UK holds ca. 50% of 

Europe's tidal energy resource and contains numerous tidal development sites yet is also home to 

internationally important seabird populations. In the face of over-fishing and climate change, additional 
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pressure from stressors such as tidal turbines could be devastating. Therefore, to ensure sustainable 

deployment of tidal energy devices, there is a need to quantify any adverse effects on seabirds. Before 

effects can be assessed, suitable methods to do so need to be identified. We therefore developed a 

conceptual framework to aid in the choice of survey method(s) to gather data on seabird behaviour 

relevant to interactions with tidal energy devices. Following a literature review of available methods in 

the context of this framework we identified, amongst others, an opportunity for enhanced use of bird-

borne biologging and telemetry (bio-tracking) data, as well as the need for research into close-range 

overlap and behaviour around turbines and the environmental variables underlying seabird use of tidal 

stream environments. Subsequently, we developed an analysis workflow for the use of bird-borne bio-

tracking data in assessing spatial overlap with marine renewables and applied it to European shags 

(Phalacrocorax aristotelis) and tidal turbines in the Pentland Firth, Scotland. We found that at the 

current scale of tidal site leasing in the UK overlap was minimal (0.14%), however at the scale of 

future/planned development areas, overlap was very high (99.4%). Research into the importance of tidal 

velocity and bathymetry to use of tidal stream environments by diving seabirds will further clarify 

potential effects from tidal energy devices. 

Telemetry reveals strong impacts of offshore wind farms on common guillemots and northern gannets 

and differing reactions of black-legged kittiwakes during the breeding season 

Verena Peschko¹, Nele Markones¹, Bettina Mendel¹, Moritz Mercker², Stefan Garthe¹ 

¹University of Kiel, ²BIONUM 

Seabirds have increasingly encountered offshore wind farms (OWFs) in European waters in the past 10 

years, resulting in potential conflicts with offshore foraging areas. During the breeding season, seabirds 

are restricted in their choice of foraging habitats and are under increased pressure to find enough prey 

to raise their offspring. However, information on the individual reactions of seabirds towards operating 

OWFs during the breeding season is largely lacking. Three OWFs located 23-35 km north of the island of 

Helgoland in the southern North Sea are operating since 2015. We studied their effects on locally 

breeding northern gannets, black-legged kittiwakes and common guillemots using GPS tracking between 

2015 and 2017. GPS tags were deployed on 63 breeding individuals for 0.1-13.9 weeks. Most gannets 

and guillemots predominantly avoided OWFs. A point process modelling approach revealed a 

significantly reduced resource selection inside the OWFs compared to the surroundings for both species. 

OWF avoidance by guillemots was even stronger when turbine blades were rotating. Only few gannets 

frequently entered OWFs when foraging or commuting. Flight altitudes of gannets inside the OWFs were 

close to the rotor-blade zone, especially for individuals predominantly avoiding the OWFs and during 

commuting. Kittiwakes mainly avoided OWFs close to the colony but sometimes entered OWFs which 

were located in further distance to the colony. These results provide a detailed description of seabirds' 

reactions to OWFs during the breeding season, and one of the first comprehensive analyses of OWF 

effects on these species based on telemetry data. The documented effects need to be considered during 

the planning processes for future OWFs, especially for locations close to large seabird breeding colonies. 

Using GPS tracking data to assess collision risk in an operational wind farm 

Aonghais Cook¹, Chris Thaxter², Jennifer Border², Philipp Boersch-Supan², Elizabeth Humphreys³, 

Elizabeth Masden⁴, Niall Burton² 

¹Dr, ²British Trust for Ornithology, ³British Trust for Ornithology Scotland, ⁴University of Highlands and 

Islands Environmental Research Institute 
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Assessing avian collision risk is a key part of the Environmental Impact Assessment (EIA) process for 

offshore wind farms. Whilst a number of collision risk models are available, these all typically combine 

an estimate of the probability of a bird which passes through a turbine's rotor sweep colliding with a 

blade and the number of birds passing through this collision risk window in any given time period (as 

estimated from pre-construction data). As the size and extent of offshore wind farms increase as part of 

attempts to reach net zero carbon emissions by 2050, accurately assessing collision risk in order to 

minimise any negative environmental impacts becomes a pressing concern. However, the simplistic 

assumptions made by these models in relation to the flight behaviour of the species concerned - speed, 

height and direction - have raised questions about how realistic predictions from these models are. A 

lack of validation of existing models further calls into question whether these are able to accurately 

assess collision risk. Tracking data are increasingly being used to investigate potential impacts of wind 

farms and offer the potential to more accurately describe the behaviour of birds within any given site. 

These data demonstrate how seabird behaviour varies spatially, highlighting that the summarised 

information used by many existing models may not accurately reflect spatial and temporal variation in 

collision risk. Using multi-year tracking data, we modelled the speed, flight height and distribution of 

lesser black-backed gulls in relation to operational offshore wind farms. We combined these data with 

real time estimates of turbine rotational speed and the height of the turbine rotor above sea-level in 

order to estimate collision risk over the course of a breeding season. We further discuss how combining 

tracking data with ongoing camera-radar studies of collision risk at operational wind farms offers the 

potential to validate estimates of collision risk and reduce uncertainty in the EIA process. 

Creating a population level impact assessment framework for top predator-marine renewable 

interactions 

James Chapman¹, Benjamin Williamson², Ian Davies³, Janine Illian⁴, Beth Scott¹ 

¹University of Aberdeen, ²University of the Highlands and Islands, ³Scottish Government, ⁴University of 

Glasgow 

Climate change and energy policy legislation have made the marine environment a priority for 

development, leading to a rapid expansion of offshore development. The future scale of development 

will overlap with foraging areas of most seabird species and some will go ahead in protected areas. In a 

changing climate, it is important to additionally consider the potential effects of marine renewable 

developments in terms of a shifting baseline of environmental and biophysical changes. Current 

modeling approaches for assessing the impact on top predators often do not contain direct 

environmental information. Most at-sea foraging locations used in models are fixed as they are 

constructed from surveys and tagging information. Many of the current models also rely on expert 

elicitation parameterization to determine the scale of impact and require long-term colony and 

distribution monitoring data sets. The approach presented here utilizes new methods that directly link 

wider scale environmental habitat information described by hydrodynamic and biophysical models to 

predict local seabird population dynamics. The species-habitat relationships are linked to population 

dynamics by the consideration of the contribution to fitness by a given habitat type as a driver for 

population density. The modeling framework also allows the addition of energetics models to influence 

fitness such that this approach can incorporate longer-term indirect effects (such as climate change) as 

well as a direct barrier, displacement or disturbance effects of large scale offshore renewable 

developments. Using examples in UK waters this work will show how this modeling framework can be 
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used to generated outputs to answer cumulative environmental impact assessment issues as well as 

wider scale whole population /ecosystem level predictions. 

Science, policy and industry working together in Scotland to develop impact assessments for offshore 

wind farms and marine birds 

Alexandra Robbins¹, Tom Evans² 

¹NatureScot, ²Marine Scotland Science 

In 2019 the twin crises of climate change and biodiversity loss were declared globally, and this year we 

will see both COP15 for biodiversity and COP26 for climate change being held. Renewables energy has a 

key role in reducing the effects of climate change, however offshore wind developments may impact on 

breeding and non-breeding marine bird populations. Many of the birds with potential to interact with 

renewable sites will breed and forage in our protected Natura site network, including Special Protection 

Areas (SPAs). How then do we travel to a net zero carbon economy as well as addressing the biodiversity 

crisis? In Scotland we are in the fortunate position that there have been a large number of research 

projects commissioned over the last decade, particularly by Marine Scotland, to help improve our 

understanding of the interactions of offshore wind farms and marine birds. Through ScotMER (Scottish 

Marine Energy Research Programme) and collaborative workshops NatureScot and Marine Scotland 

have developed a series of guidance to inform the environmental impact assessments (EIA) for the next 

round of offshore wind developments in Scottish Waters, ScotWind. The guidance addresses each step 

from identifying connectivity to protected areas to assessing population level impacts to inform decision 

making. Recommendations from these workshops and progress made on tackling the key knowledge 

gaps issues will be presented, as well as an overview of guidance. This work demonstrates the huge 

value in bringing together specialist experts to help inform future policy and decision making. To tackle 

the novel and complex issues in considering of renewable development impacts on marine birds 

collaborative thinking between scientists, advisers, regulators and industry is essential. 

Developing research frameworks and priorities for understanding impacts to seabirds from offshore 

wind energy development in the eastern U.S. 

Julia Gulka¹, Aonghais Cook², Edward Jenkins¹, Gregory Lampman³, Jillian Liner⁴, Kate McClellan Press⁵, 

Kate Williams¹ 

¹Biodiversity Research Institute, ²British Trust for Ornithology, ³New York State Energy Research and 

Development Authority, ⁴Audubon New York, ⁵New York Energy Research and Development Authority 

Offshore wind energy development is a new industry in the United States. While lessons can be learned 

from Europe, where the industry is more established, effects to seabirds, such as collision risk and 

displacement, must be understood within the ecological and regulatory context for American offshore 

wind development. Through regional, science-based collaboration, the state of New York is taking a 

multiscale approach to understand the potential impacts of offshore wind energy development on 

marine birds and ensure environmentally responsible development. New York has convened multiple 

efforts, bringing together subject matter and quantitative experts, developers, and other offshore wind 

stakeholders to develop frameworks, methodologies, and research priorities to guide research on the 

impacts to marine birds from offshore wind development. The first of these efforts was to develop a 

broad framework for studying impacts to birds and bats, including hypotheses and study methodologies 

to answer key questions relating to effects of offshore wind energy on marine birds. This effort in turn 

fed into a larger stakeholder engagement effort, the State of the Science Workshop on Wildlife and 
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Offshore Wind Energy 2020: Cumulative Impacts. In addition to plenary sessions focused on 

understanding cumulative biological impacts, a taxon-specific workgroup focused on birds was formed 

to identify key research studies and other efforts that should be conducted in the next 5 years to 

improve our understanding of cumulative impacts from offshore wind energy development in the 

eastern U.S. The latter efforts resulted in the identification of 19 short-term research priorities related 

to avian occurrence and exposure, habitat and resource use, displacement and attraction, collision risk, 

and population consequences that can help guide future research and funding. Together, these effective 

stakeholder engagement processes ensure that research priorities are developed transparently in 

consultation with the scientific community, including researchers across the globe, to direct funding and 

research to where it is most needed to understand impacts to seabirds from offshore wind energy 

development. The products from these stakeholder engagement efforts serve as key guidance for both 

regional and site-specific studies to understand the effects of offshore wind on seabirds. 

Potential floating wind projects and associated avian issues in California's Outer Continental Shelf 

waters 

Scott Terrill¹, Sharon Kramer¹, David Ainley¹, Stephanie Schneider¹ 

¹H. T. Harvey & Associates 

Floating platform wind projects are being considered for waters overlying the Outer Continental Shelf 

(OCS) of California. Most existing offshore wind projects are fixed to the bottom in shallow, nearshore, 

Atlantic waters. Avian studies conducted at these sites have involved primarily nearshore species in 

areas with relatively uniform oceanography and bathymetry. While results from these studies have been 

informative, the California OCS represents a very different environment supporting much higher 

numbers and a more diverse array of seabirds due to the high productivity characteristic of eastern 

boundary currents (e.g., the California Current System; CCS). Many of these species migrate long 

distances to exploit the abundant resources of the CCS. A number of these eastern Pacific species have 

flight behaviors adapted for the high winds associated with the CCS. This flight behavior includes 

dynamic soaring and high "arcing" above the water's surface during strong winds, flight behaviors quite 

different from the rapidly flapping, direct, low-altitude flight typical of many nearshore seabirds. We 

review some of the potential wind energy/avian issues associated with the seabird species occupying 

the outer CCS, the current development of a 3D model of avian species occupancy in space and time 

across this region, and testing of innovative technology for monitoring birds in the remote offshore 

environment. 

A framework for integrating best quality ecological understanding in assessments of cumulative 

effects of offshore renewable developments on seabirds 

Francis Daunt¹, Adam Butler², Deena Mobbs¹, Kate Searle¹ 

¹UK Centre for Ecology & Hydrology, ²Biomathematics & Statistics Scotland 

Offshore renewable energy developments (ORDs) may have negative impacts on protected seabird 

populations, primarily from collisions, displacement and barrier effects. Assessment frameworks for 

estimating these effects aim to deliver best practice to ensure that regulators make the most informed 

decisions and, ultimately, to reduce consenting risk. These frameworks combine multiple data types 

within models, but different methods have widely diverging abilities to produce defensible estimates of 

ecological processes. Furthermore, these methods have considerable discrepancies in their ability to 

provide an appropriate assessment of the level of uncertainty. This has led to a disjointed approach that 
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risks undermining their defensibility and real-world applicability. Importantly, given the lack of empirical 

evidence for several key ecological processes, current methods may lead to considerable 

underestimation of uncertainty, potentially risking the ecological integrity of seabird populations that 

may be affected, particularly by multiple ORDs. Here, we present a new framework for integrating 

available methods for assessing impacts of ORDs on seabirds in both the breeding and non-breeding 

seasons. We assess the extent to which strong science underpins each step of the framework, 

highlighting key ecological processes and mechanisms that are particularly weak, and in need of new 

empirical evidence or more sophisticated statistical methodologies. We illustrate these challenges using 

case studies on the east coast of the UK, where a number of ORDs are built or planned. We provide 

recommendations for how future work on empirical data collection should be directed, and for how 

uncertainty in key processes could be properly quantified within the Framework, through the use of 

existing or novel statistical methodologies. 

Using integrated radar-camera technology to study seabird flight behaviour at Vattenfall's European 

Offshore Wind Deployment Centre 

Mike Armitage¹, Henrik Skov² 

¹RPS Group, ²DHI 

Using integrated radar-camera technology to study seabird flight behaviour at Vattenfall's European 

Offshore Wind Deployment Centre Vattenfall has been carrying out its ground-breaking environmental 

research at the Aberdeen Offshore Windfarm (EOWDC). The project is being managed by RPS and DHI 

who have deployed high-performance, integrated radar-camera technology on turbines to monitor the 

flight patterns of breeding seabirds at the EOWDC facility over the course of two years. The aim of the 

project is to improve the understanding of seabird flight behaviour and reduce uncertainty in the 

assessment of the potential impacts of offshore windfarms. The study has been generating data on bird 

flight activity since the installation of the equipment in late summer 2019. Radar and video recordings 

provide tracks of birds that allow us to examine species-specific flight and foraging behaviour, flight 

height, flight speed and meso- and micro-avoidance, as well as detection of collisions. Initial results 

demonstrated that the equipment is functioning as planned. The project focusses on Northern Gannet, 

Black-legged Kittiwake and large gull species. The initial trial period in late summer 2019 provided data 

to refine the analytical design and highlighted the challenges of data collection and analysis, including 

consideration of objectively classifying and quantifying micro-avoidance behaviour, data collection in 

rough weather conditions, tracking multiple targets and shadow-effect of turbines. At the 3rd World 

Seabird Conference, we will present the results of the monitoring from the first full seabird breeding 

season in 2020. 

How do gulls interact with offshore wind farms? Assessing avoidance and behaviour of lesser black-

backed gulls using GPS telemetry and accelerometry 

Chris Thaxter¹, Daniel Johnston¹, Willem Bouten², Gary Clewley¹, Viola Ross-Smith¹, Nigel Clark¹, Elizabeth 

Masden³, Emily Scragg¹, Elizabeth Humphreys¹, Greg Conway¹, Lee Barber¹, Ros Green¹, Aonghais Cook¹, 

Niall Burton¹ 

¹British Trust for Ornithology, ²University of Amsterdam, ³Environmental Research Institute 

Renewable energy deployments, including wind farms, are a key part of government strategies to 

mitigate the impacts of anthropogenic climate change. Wind farms, however, pose a potential collision 

risk to air-borne taxa, that may be influenced by the individual behaviour of species, flight altitude, 
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speed and exposure time. Nevertheless, we have limited understanding of how species behave within 

wind farms, and lack empirical evidence for avoidance/attraction responses at different spatial scales. 

We used GPS telemetry and accelerometry to examine how adult Lesser Black-backed Gulls Larus fuscus 

breeding at South Walney (Cumbria, UK) used offshore wind farms during the breeding season. The 

variation in spatial and temporal use of wind farms was first assessed across the years of study (2014-

2019), within the breeding season (ca. March-August) and by time of day. We then used a range of 

classification methods to determine behaviour of birds, including Hidden Markov Models, Expectation-

Maximization Binary Clustering, and accelerometry. Methods were also compared for their congruence 

in behavioural classification. A randomisation approach was used to investigate 3D avoidance and 

attraction to wind turbines at two different spatial scales: macro (wide-scale) avoidance of wind farms 

and meso (near-scale) avoidance of turbines. Birds frequently commuted through wind farms to reach 

foraging locations. However, many slower sinuous movements and 'stopped' behaviours were recorded 

around turbines and other associated platforms. Macro-avoidance was evident outside the wind farm, 

but varied spatially and weakened nearer to wind farms. Within wind farms, birds avoided the 3D rotor 

sweep volume of individual turbines, driven by a meso-avoidance response within and above the 

vertical rotor-sweep zone, but below this zone, birds exhibited attraction to turbine bases or platforms. 

These findings are providing robust site-specific collision estimates, in turn reducing uncertainty within 

impact assessments, and informing the conservation of a species that has experienced notable declines 

in coastal populations in recent years. 

 

Symposium 5 – Outcomes and progress of active seabird restoration projects 
October 5 22:00 – 24:00 UTC 

October 6 00:15 – 02:15 UTC 

October 6 22:00 – 24:00 UTC 

Review of seabird colony restoration projects in New Zealand involving chick translocations and 

acoustic attraction 

Graeme Taylor¹, Helen Gummer², Colin Miskelly³, Mike Bell⁴ 

¹Department of Conservation, ²Private Contractor, ³Te Papa, Museum of New Zealand, ⁴Wildlife 

Management International Ltd 

From the mid-1980s to 2019, there have 37 different attempts made to establish seabirds at 21 different 

sites within New Zealand. These projects have involved 18 different species of seabirds (1 albatross, 1 

gannet, 8 petrels, 3 shearwaters, 1 prion, 2 storm petrels, 1 penguin and 1 cormorant). So far 60% of 

these projects have resulted in birds returning and breeding at their release sites, or breeding at sites 

established by sound playback alone. Most of these apparently successful projects are yet to have self-

sustaining populations establish (where birds are breeding across multiple generations). However, nine 

projects have had birds breeding for longer than 10 years at the new colony site and have natal 

recruitment occurring. The techniques for establishing seabirds have been refined across 30 years. The 

artificial diets for hand-rearing chicks are now greatly improved and transferable across multiple taxa 

(often based around canned sardines and fish oil blended into a smoothie). The translocation 

procedures have advanced with the welfare of birds improved from capture to release (especially 

avoiding heat stress issues) and basic hygiene procedures are now standardised across projects. 

Automated sound playback is used at most sites to attract in birds. The most successful projects have 
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involved petrels and shearwaters. The distance birds have been moved has been from a few kilometres 

to hundreds of kilometres. Long distance movements and those taking birds either inland or away from 

the open sea have not been as successful as sites where prospecting conspecifics have an opportunity to 

locate the new colony. The main drivers have been endangered species recovery projects and site 

restoration to get a seabird nutrient cycle re-established. Most transfers are now done by community 

trusts with advice from government specialists. 

Sustaining long term seabird restoration: lessons from Project Puffin, Maine USA 

Stephen Kress¹, Don Lyons², Tiffany Huenefeldt² 

¹1945, ²National Audubon Society 

Methods for creating new and restored seabird colonies are now standard practice worldwide. In many 

situations, however, ongoing management becomes necessary because of recurring threats. Such 

projects are dependent on funding strategies that can keep pace with rising costs. We review the costs 

and opportunities associated with 'Project Puffin', one of the oldest seabird restoration programs in the 

world. This project began at one Maine island in 1973. Over its 48-year history, the original focus of 

restoring Atlantic Puffins to one island, grew to include seven Maine islands and 23 waterbird species. 

Since 2002, the number of islands and managed species have remained similar, though breeding 

numbers have increased at all sites. Sustaining such long-term projects creates invaluable data and 

trains many early career biologists. However, the annual costs of managing these restored populations 

increased more than threefold, from 450,000 USD in 2002 to 1.6M USD in 2019. To meet these 

increased costs, the program created partnerships with federal and state agencies and with other 

nonprofits. It has also increased the number of donors and mean size of donations. To attract new 

supporters and provide public outreach, the program initiated puffin watching ecotourism (no landing) 

at the first restored puffin colony. The number of boat tour visitors increased from 4,600 in 2002 to 

more than 10,500 in 2019. Each year an additional 8,000 people learn about seabirds at Project Puffin 

Visitor Center and remote puffin cams expose millions more to the program. These outreach programs 

have helped build a growing number of followers, many of whom have become advocates for seabird 

conservation. While the United States is notable for generous philanthropy and puffins are especially 

compelling, we believe that an entrepreneurial approach incorporating outreach has application to 

other seabird restoration programs requiring ongoing management. 

Progress towards re-estabishment of an African Penguin colony in South Africa 

Christina Hagen¹, Alistair McInnes¹, Ross Wanless², Lauren Waller³, Kevin Shaw⁴ 

¹BirdLife South Africa, ²National Taiwan Ocean University, ³Southern African Foundation for the 

Conservation of Coastal Birds, ⁴CapeNature 

The African Penguin population in South Africa has decreased by 42% since the species was listed as 

Endangered in 2010. The main driver of this decrease is poor food availability due to shifting forage fish 

distributions and fishery competition. Sardine and anchovy, the penguins' preferred prey, have shifted 

eastwards along the southern coast of South Africa, creating a mismatch between the current 

distribution of fish and penguin historical breeding localities. Establishing new or re-establishing extinct 

seabird colonies has been used as a successful conservation intervention to restore seabird populations 

for a number of species. Several techniques have been developed including social attraction and 

translocation of chicks. Most projects have involved flying seabirds with very few focusing on penguins. 

Establishing new colonies for African Penguins Spheniscus demersus in South Africa has been identified 
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as an action to improve the status of this species by addressing the mismatch between the distributions 

of breeding areas and prey. Work has begun to re-establish a breeding colony at the De Hoop Nature 

Reserve, South Africa, an area of high fish abundance. Penguins attempted to breed in the area in 2003 

but the colony was abandoned by 2006 due to high levels of predation. A predator-proof fence has been 

constructed, and decoys and call playback installed. We present progress towards re-establishing the 

colony and the planning for the second phase which will include chick translocation. We discuss the 

challenges of implementing novel conservation interventions, as well as practical challenges of working 

in protected areas and managing native predator impacts. Given these long-term management 

challenges for mainland colonies, we also investigate the feasibility of an creating artificial island 

breeding habitat. 

A new home for Hutton's shearwater (Puffinus huttoni). Monitoring and management of a 

translocation colony at Kaikōura, New Zealand 

Lorna Deppe¹, Lindsay Rowe¹, Ted Howard¹ 

¹The Hutton's Shearwater Charitable Trust 

The endangered Hutton's shearwater is endemic to the coastal mountain ranges of Kaikōura, New 

Zealand. Once common across the region, birds now breed in only two remaining wild colonies above 

1200m asl in areas inaccessible to the destructive force of feral pigs, a major contributor to colony 

decline in the past. In response to vulnerable as well as limited safe breeding habitat, the New Zealand 

Department of Conservation initiated the establishment of a third colony, Te Rae o Atiu, on the Kaikōura 

Peninsula. Between 2005 and 2013, about 500 chicks were translocated from the mountains into 

artificial burrows at the new site. In 2008, a community led initiative (The Hutton's Shearwater 

Charitable Trust) ensured protection of the area with a predator proof fence and subsequently took on 

responsibility for managing and monitoring colony development. Despite high variation in return rates, 

the translocation population has since been fast growing, with chick development comparing with that 

at natural colonies. Today we have 2nd generation birds returning to breed. The fenced off area includes 

large parts with no artificial burrows to allow for natural colonisation once the colony has reached the 

critical mass to attract 'foreign' birds. Future translocations are planned to boost numbers and genetic 

diversity. Passive integrated transponder (PIT) technology has been our most valued monitoring tool, 

allowing the detection of returning birds who would have otherwise gone unnoticed and (in 

combination with trail cameras) providing many new insights into the behaviour of the species. Here we 

will discuss both challenges and benefits of our translocation and monitoring techniques used to date, 

and the development of novel and improved methods we aim to implement. A 7.8 magnitude 

earthquake in Nov 2016 resulted in the loss of about a third of the mountain populations, giving new 

urgency to exploring the establishment of additional new colonies, probably in less accessible areas and 

thus requiring new approaches. 

¡Fiesta, fiesta toda la noche! Restoring the globally endangered Peruvian Diving-petrel to the once 

extirpated Isla Chañaral, Chile 

Maria Jose Vilches¹, Claudia Fernandez², Coral Wolf¹, Madeleine Pott¹, Guillermo Luna², Ivan Torres³, 

Cristian Rivera³, Paula Martinez³, Erin Hagen¹, Nick Holmes⁴ 

¹Island Conservation, ²Universidad Católica del Norte, ³Corporación Nacional Forestal, ⁴The Nature 

Conservancy 
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The Peruvian Diving-petrel (Pelecanoides garnotii), or yunco, is endemic to the Humboldt Current 

System, where it was once considered one of the most abundant seabirds. Today this species, nesting on 

just six of its original breeding islands, is considered globally threatened (listed as Endangered by IUCN 

Red List) due to impacts from guano extraction and predation by invasive mammals. Isla Chañaral once 

hosted the largest breeding population of yuncos in Chile (~100,000 pairs), however, this population was 

presumably extirpated by introduced foxes in the 20th century. Today, nearby Isla Choros, 16 km from 

Chañaral, has the largest breeding population of yuncos in Chile, and both Choros and Chañaral are free 

of invasive vertebrates. In September 2019, prior to the peak of the reproductive season, we initiated a 

social attraction project to facilitate the recolonization of Chañaral. We surveyed and evaluated 15 

potential restoration sites (based on habitat characteristics and knowledge of historical nesting). At the 

two sites deemed most suitable, we deployed sound systems and artificial burrow entrances plus 

camera traps to monitor yunco visitation. We deployed cameras at two additional sites not subject to 

social attraction to evaluate the effectiveness of our methods. Images collected from the first five weeks 

after the social attraction equipment was deployed showed yuncos visiting both sites over multiple 

nights. These early results are strong positive indicators that our methods are working and give us 

confidence that the Chañaral population can be restored and provide an important recovery milestone 

for this globally threatened seabird. 

Predicting harvest impact and translocation success in endangered and highly mobile species: a case 

study of a critically endangered petrel 

Johannes Fischer¹, Heiko Wittmer², Caio Kenup³, Kevin Parker⁴, Igor Debski¹, Graeme Taylor¹, John 

Ewen⁵, Doug Armstrong³ 

¹New Zealand Department of Conservation, ²Victoria University of Wellington, ³Massey University, 

⁴Parker Conservation, ⁵Zoological Society of London 

In endangered species, harvesting individuals for translocations can negatively impact source 

populations and thus, translocation cohorts should remain small, limiting potential establishment of 

recipient populations. This balancing act is further complicated through meta-population dynamics if the 

target species is highly mobile. The critically endangered Whenua Hou Diving Petrel (Kuaka; 

Pelecanoides whenuahouensis) is a highly mobile seabird that could benefit from translocations to 

mitigate current threats, but only one small population remains. We used a novel metapopulation 

approach to an integrated population model (IPM) to combine long-term data with meta-analyses and 

expert elicitations (using a Shiny app) to estimate vital rates, population size, population growth, and 

meta-population dynamics, predict harvest impact on the source, and project establishment of recipient 

populations under various translocation scenarios. Establishment of a recipient population without 

excessive impact on the source was dependent on meta-population dynamics. Accounting for juveniles 

returning to the source post-translocations mitigated impact on the source, but reduced establishment 

success of the recipient. Accounting for movements of adults and juveniles between source and 

recipient populations resulted in an equilibrium, negating effects of different harvests intensities. We 

illustrate that establishment of new populations of endangered, highly mobile seabirds can be feasible, 

even when metapopulation dynamics are present, yet our results also show considerable uncertainty. 

Therefore, we recommend that these challenging translocations are conducted within adaptive 

management frameworks, incorporating monitoring of source and recipient populations, to evaluate 

impact and establishment and adjust harvest intensities and timeframes when required. 
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Results of fives years of translocations of Hawaii's two endemic seabirds: the Newell's Shearwater and 

Hawaiian Petrel 

Lindsay Young¹, Andre Raine², Robby Kohley¹, Megan Dalton¹, Leilani Fowlke¹, Daniela Casillas¹, Erika 

Dittmar¹, Marilou Knight¹, Michael Mitchell³, Hannah Nevins⁴, Eric VanderWerf¹ 

¹Pacific Rim Conservation, ²Kauai Endangered Seabird Recovery Project, ³US Fish and Wildlife Service, 

⁴American Bird Conservancy 

Newell's Shearwater (Puffinus auricularis newelli; NESH) and Hawaiian Petrels (Pterodroma 

sandwichensis; HAPE) are both listed under the Endangered Species Act and are declining due to habitat 

degradation by feral ungulates (pigs, goats) and invasive exotic plants, predation by feral domestic cats, 

pigs, rats, and introduced Barn Owls, and collisions with power lines and structures often exacerbated 

by light attraction. Translocation to protected breeding sites with social attraction was proposed in the 

1983 recovery plan and was ranked as priority one in the 2011 interagency 5-year Action Plan. In 2012, 

funding became available to begin preparing for translocations to Kīlauea Point National Wildlife Refuge. 

A peer-reviewed translocation plan was developed based on protocols used in New Zealand. A predator 

proof fence was completed in September 2014 and all non-native mammals were removed shortly 

afterwards. In August 2015 habitat restoration began and 50 artificial burrows were installed. From 

2015-2019 a total of 90 HAPE and 67 NESH chicks that had not emerged from their montane burrows 

were removed by hand and transported via helicopter to the refuge and were hand-fed a fish, oil, 

Pedialyte® and squid mixture until they fledged. All but 3 HAPE successfully fledged resulting in a 97% 

and 100% fledging rate for HAPE and NESH respectively. Morphometric monitoring was done daily to 

assess chick age and health and the overwhelming majority of birds appeared to be in excellent health. 

Once complete, this project is expected to result in a new, secured and accessible breeding population 

of Hawaiian Petrels that will be crucial along with other protected and managed colonies in helping to 

prevent the extinction of this species and restoring a missing component of the coastal ecosystem in 

Hawaii. 

Restoring breeding seabird colonies using social attraction on the Baja California Pacific Islands, 

Mexico 

Yuliana Rocío Bedolla Guzmán¹, María Félix Lizárraga², Alejandra Fabila Blanco², Esmeralda Bravo 

Hernández², Alicia Aztorga Ornelas², Alejandro Aguilar Vargas², Alfonso Aguirre Muñoz², Eduardo Iñigo 

Elías³, Steve Kress⁴, Federico Méndez Sánchez² 

¹Grupo de Ecología y Conservación de Islas A.C., ²Grupo de Ecología y Conservación de Islas, A.C., ³Cornell 

Lab of Ornithology, ⁴National Audubon Society 

Social attraction techniques have been successful worldwide as a complementary tool in eradication 

programs to restore seabird colonies. On the Baja California Pacific Islands, at least 27 breeding seabird 

colonies were extirpated and several colonies were diminished. On these islands, invasive mammals 

were removed and other threats have also been mitigated. Only a low number of recolonizations, 

without the use of social attraction techniques, were recorded a few years after the eradications. Over 

the past decade, we have implemented social attraction techniques (decoys, artificial burrows, and 

sound systems) to speed the recovery of impacted colonies, in collaboration with government agencies, 

both from Mexico and the USA, academic institutions, and fishing cooperatives. The target species have 

been auklets, murrelets, storm-petrels, shearwaters, cormorants, terns, and gulls, of 12 species in 10 

islands. To date, social attraction techniques have been successful for 11 species in 51% of the colonies. 

The success of the implementation has varied from 5 months to 9 years, an average of 1.8 years. 
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Response to social stimuli has been high in alcids (77% of the colonies) and low in cormorants (20% of 

the colonies). These techniques have been key for the recolonization of Cassin's Auklet (Ptychoramphus 

aleuticus) on Coronado Norte, Todos Santos and Natividad islands; and Elegant Tern (Thalasseus 

elegans) and Royal Tern (T. maximus) on San Roque Island, after almost a century of their last record. 

These encouraging results highlight the relevance of long-term and continuing conservation programs to 

effectively restore seabirds. 

Preliminary results from a global database of active seabird restoration projects 

Dena Spatz¹, Lindsay Young¹, Nick Holmes², Holly Jones³, Don Lyons⁴, Steve Kress⁴, Eric VanderWerf¹, 

Colin Miskelly⁵, Graeme Taylor⁶ 

¹Pacific Rim Conservation, ²The Nature Conservancy, ³Northern Illinois University, ⁴Audubon, ⁵Museum of 

New Zealand Te Papa Tongarewa, ⁶New Zealand Department of Conservation 

Seabirds are globally threatened, yet there are abundant examples of positive outcomes following 

management actions, such as the removal of invasive species from breeding islands. Active restoration 

techniques, such as social attraction and translocation, can be applied to further recover seabird 

populations, particularly where removal of key threats is not enough for the long-term conservation of a 

species. However, there is a lack of common knowledge of how to select and apply active restoration 

methods with the greatest chances of success. To address this gap, we've created the Seabird 

Restoration Database, a data center of active seabird restoration methods and outcomes, to assist in 

knowledge transfer among practitioners seeking to use restoration tools to recover seabird populations. 

The Database builds on a previous review of active restoration projects by Jones and Kress (2012), and 

contains records of planned, ongoing, and complete restoration projects, including those deemed as 

failed. The collection process involved literature reviews and expert surveys, aimed to gather 

unpublished technical documents as well as first-hand knowledge of events and outcomes. Here we 

report on preliminary findings of collated active seabird restoration projects from around the world - the 

timing of activities, where they are happening, the species targeted, and the methods applied. Once 

complete at the end of 2021, the database will serve as a foundation from which other applied 

questions about seabird restoration, and wildlife reintroductions in general, can be formed to help 

enhance restoration efforts and improve conservation outcomes. 

Recovery of the largest colony of the world's smallest penguin 

Peter Dann¹, Duncan Sutherland¹ 

¹PHILLIP ISLAND NATURE PARKs 

Seabird populations are under threat in many areas, particularly from anthropogenic processes. The 

majority (60%) of extant penguin species are threatened (IUCN 2013) and the relative importance of 

threats varies between species and within species' distributions. This study describes the successful 

management of threats at a declining colony of Little Penguins Eudyptula minor and the colony's growth 

to the largest of this species. By 1980, the number of colonies of Little Penguins Eudyptula minor on 

Phillip Island in southeastern Australia had been decimated and the remaining colony was decreasing in 

size. A plan was initiated focusing on identifying and eliminating/reducing anthropogenic threats to the 

penguin population. The identified threats were largely terrestrial in origin and included predation by 

introduced foxes Vulpes vulpes and domestic dogs, mortality caused by motor vehicles and habitat loss 

associated with a human settlement within the breeding area. Terrestrial threats were addressed by the 

elimination of the foxes, exclusion of domestic dogs, removal of vehicles from the colony at night and 
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removal of the coastal settlement from the penguin breeding areas. The number of breeding birds grew 

substantially after the management actions were initiated. The colony was estimated to contain 

c.12,000 breeding birds in 1985. By 2000, there were c.32,000 breeding penguins and estimates have 

fluctuated between 28,000-40,000 breeding birds since. Remaining terrestrial threats being addressed 

are egg predation by abundant corvids and the increasing risk of heat stress during moult and breeding. 

The success of this program was due to multiple factors which will be discussed. 

Translocation of Hawaiian seabirds to high islands to mitigate climate change 

Eric VanderWerf¹, Lindsay Young¹, Charles Kohley¹, Leilani Fowlke¹, Erika Dittmar¹, Daniela Casillas¹ 

¹Pacific Rim Conservation 

Inundation from sea level rise and increased storm surge associated with climate change is one of the 

most serious threats to seabirds nesting on low-lying islands. Establishing new colonies on higher islands 

is among the highest priority conservation actions for such species. From 2015- 2019, we translocated 

chicks of four vulnerable seabirds to James Campbell National Wildlife Refuge on Oahu, including 75 

Black-footed Albatrosses, 131 Bonin Petrels and 67 Tristram's Storm-Petrels chicks from the 

Northwestern Hawaiian Islands, and 50 Laysan Albatrosses from Kauai. We released the chicks in a 16-

acre predator exclusion fence and raised them by hand. Fledging success was 95% overall (307/323); 

92% for Laysan Albatross, 93% for Black-footed Albatross, 98% for Bonin Petrel, and 93% Tristram's 

Storm-Petrel. The first translocated Laysan Albatross returned in 2018 three years after fledging, and 

one Bonin Petrel and one storm-petrel returned in 2019 after one year. We expect translocated birds to 

begin nesting at the refuge 5-9 years after fledging. We also employed social attraction for each species, 

consisting of a solar-powered sound system and decoys for some species, to provide stimuli for the 

translocated chicks and to attract wild adults. Laysan Albatross visited the refuge in increasing numbers, 

with 491 visits in 2019 and up to 13 adults present simultaneously. 1-2 pairs of Laysan Albatross nested 

on the refuge in 2018 and 2019. No wild adults of the other three species visited. We stopped 

translocations of Laysan Albatross in 2017 because the combination of returning translocated birds and 

socially attracted birds seems sufficient to found a new colony. We will continue to translocate the other 

three species for 2 more years to ensure an adequate number of birds return. The methods we are 

developing for translocating and rearing seabirds will be useful for similar projects involving other 

species. 

Translocated petrels return to ancestral feeding grounds 

Colin Miskelly¹, Ruth Dunn², Charles-Andre Bost³ 

¹Museum of New Zealand Te Papa Tongarewa, ²University of Liverpool, ³CNRS - Université de La Rochelle 

Translocation of pre-fledged chicks is a relatively new technique used in seabird restoration projects. 

The few reported successful translocation projects for petrels (Procellariidae) have all involved 

translocations over short distances (up to 80 km), while translocations further than 100 km have yet to 

be proven to succeed. A possible cause of translocation failure is the absence of suitable foraging sites 

near the restoration site, or translocated individuals having an innate disposition to forage at the same 

sites as their parents, distant from the restoration site. We tracked common diving petrels (Pelecanoides 

urinatrix) from a population derived from translocated chicks c.20 years earlier. During chick-rearing, 

adults at the restoration site predominantly foraged at the same sites as birds from their source colony. 

Most of these foraging sites were much closer to the source colony (28 km from the restoration site). As 

a result, adults at the restoration site were flying c.55 km further per day than adults tending chicks at 
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the source colony. Diving petrels were able to successfully rear young at the restoration site. However, 

the energetic costs of attempting to return to ancestral feeding grounds may be insurmountable when 

source colonies and restoration sites are widely separated. 

Chinese Crested Tern (Thalasseus bernsteini) restoration in its former northern breeding grounds 

Simba Chan¹, Yunkyoung Lee², Lee Kisup³ 

¹BirdLife International Tokyo, ²National Institute of Ecology, ³Waterbird Network Korea 

Chinese Crested Tern (Thalasseus bernsteini) is endemic to eastern Asia and was assumed extinct before 

their rediscovery at Mazu Islands in 2000. Formerly it was found breeding along the coast of Shandong 

Peninsula and probably also Korean Peninsula. However, since its rediscovery in 2000 it was only found 

breeding in southeastern China and Taiwan with closely related Greater Crested Terns (Thalasseus 

bergii) because their low number (not excess 100 birds) seems could not reach the threshold of forming 

a breeding population for this highly socialized and sensitive breeders. In early 2010s, by using the social 

attraction methods a deserted colony on the coast of Zhejiang Province, China, was successfully 

restored. This species was then found breeding in southwestern Korea in 2016 with Black-tailed Gulls 

(Larus crassirostris). Social attraction is started from 2018 in order to increase breeding pairs. There are 

good evidences birds breeding in the East China Sea move northward before migrating south to South 

East Asia. Conserving the Black-tailed Gull colony and using decoys and playback could attract more 

Chinese Crested Terns to nest in their former breeding ground. 

Caught between a wave and a carnivore - preparing safe seabird colony sites in Maui Nui as sea levels 

rise and introduced mammals continue to threaten seabird populations 

Jay Penniman¹, Jennifer Learned¹, Martin Frye¹, Cecelia Frisinger¹ 

¹University of Hawaii 

Rising sea levels are now, and will continue to inundate the islands and atolls of the 

Papahānaumokuākea Marine National Monument. Fourteen million individuals representing twenty-one 

species make this the largest collection of tropical seabird colonies in the world. Virtually all of the world 

populations of Laysan (Mōlī, Phoebastria immutabilis) and the second largest assemblage of Black-

footed (Ka‛upu, Phoebastria nigripes) albatross nest here. Efforts are underway to provide new breeding 

areas for these species and others on the islands Kaua‛i and Oahu, in the high Hawaiian Islands. At the 

same time, seabird populations already on the high islands are under constant threat of predation by 

introduced mammals. Seabird conservation now requires appropriate site selection and predator proof 

fencing to address the needs of both immigrant and local seabird populations. In this presentation we 

discuss work being undertaken on three of the islands of Maui Nui; Maui, Molokai, and Kaho‛olawe, to 

provide safe colony locations for resident seabirds and birds that will be displaced by rising sea level and 

dynamic wave action. All of the planning for each island involves multiple stakeholders. On Kaho‛olawe 

eradication of rodents and feral cats eventually obviating the need for fencing. The eradication effort 

necessitates a multi organization logistics and fund-raising effort. Molokai has a dedicated habitat 

restoration project by Molokai Land Trust and partners where alien weed species are eliminated and 

native coastal strand vegetation is restored. Social attraction for Mōlī is already being performed with 

decoys and albatross colony acoustic playbacks. On Maui, modeling for appropriate sites has been 

performed and initial sites have been selected. We present the context, planning, and ongoing work, 

and solicit informed suggestions. 
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Modeling changes in seabird distribution and abundance following rat eradication at Tetiaroa Atoll, 

French Polynesia 

Amelia DuVall¹, Beth Gardner¹, Sarah Converse¹ 

¹University of Washington 

Removal of non-native mammals from breeding colonies is often a critical first step in seabird 

conservation and restoration. The full impact of eradication efforts on seabird populations is uncertain 

but can be informed by baseline data on habitat characteristics and seabird abundance prior to 

eradication. Non-native Polynesian (Rattus exulans) and black (R. rattus) rats are slated for eradication 

at Tetiaroa, a small (3,366 ha) coral atoll within French Polynesia, in 2022. Ten seabird species, including 

the red-footed booby (Sula sula), brown noddy (Anous stolidus), and sooty tern (Onychoprion fuscatus), 

breed here across 12 low-lying coral islets (i.e., "motus"). In fall 2019 and summer 2021, we sampled 40 

locations across 11 motus to quantify habitat and establish baseline information on seabird and rat 

presence. At each location, we deployed one acoustic recording device to monitor seabird activity and 

conducted a rapid habitat assessment. We will present pre-treatment results of acoustic monitoring, 

invasion status, and habitat assessment. Preliminary results indicate rats are present on most motus and 

seabird activity is restricted to rat-free motus or small portions of rat-occupied motus. These baseline 

data are the first step to understanding how seabirds will respond to rat eradication on Tetiaroa. Results 

will inform the development of a model to predict changes in seabird abundance and distribution 

following eradication on a tropical atoll and can be used to inform conservation actions to prioritize 

islands for rat eradication. 

Progress in Establishing a New Breeding Colony of the Newell's Shearwater on the Island of Maui 

Gregory Spencer¹, David Ainley¹, Brad Yuen¹ 

¹H. T. Harvey & Associates Ecological Consultants 

The Newell's shearwater (Puffinus newelli) population has dramatically decreased in size and 

distribution in Hawaii, and the species is listed as threatened under the US Endangered Species Act and 

critically endangered by the IUCN. Management has been most directed at caring for the remaining core 

populations on the island of Kauai. The species is all but gone on Maui. In 2014 two 1.8 ha plots with 

predator exclusion fences were constructed on West Maui. Within each, predators (cats, mongoose, and 

rats) were eradicated and controlled, artificial nesting burrows were installed (50 each); social attraction 

began in earnest in 2015. Covert IR game cameras were installed to document visitation rates, behavior, 

and assessment of reproductive status and performance. Visitation by Newell?s shearwater and 

Hawaiian petrel (Pterodroma sandwichensis) started in the third year of social attraction, the first eggs 

were laid but did not hatch in years 4 and 5, and the first fledglings were produced in 2019 (year 6). We 

report on the increasing trend seen in Newell?s shearwaters and the unexpectedly abrupt decrease in 

the occurrence of Hawaiian petrels prospecting nest sites, as well as several key modifications made in 

2019. We also review breeding success in the context of previous population modeling, and discuss 

factors affecting the efficacy of social attraction toward establishing new nesting colonies of this species. 

Restoration actions for the conservation of Guadalupe Murrelet (Synthliboramphus hypoleucus) on 

Guadalupe Island, México 

Ariana Duarte-Canizales¹, Luis Méndez-Rosas¹, Anely Fernández-Robledo¹, Eduardo Roldán-Olvera¹, 

Federico Méndez-Sánchez¹, Julio Hernández-Montoya¹ 

¹Grupo de Ecología y Conservación de Islas 
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Guadalupe Murrelet (GUMU; Synthliboramphus hypoleucus) is an endangered seabird distributed on 

the Pacific west coast, from British Columbia, Canada to Baja California, México. Is one of the most 

southern members of the Alcidae, with a very specific nesting habitat on Guadalupe and San Benito 

Islands, México. Although, GUMU presence has been documented on the Channel Islands, California. In 

addition to its restricted breeding range and its small world population size, another major concern is its 

predation by alien species. Historically, their nesting areas covered the southern tip of Guadalupe main 

island, but feral cats (Felis catus) presence in the 19th century, extirpated the entire breeding colony. 

Hence most of the GUMU world population (>90%) nests on the offshore islets of Guadalupe Island (due 

to cat presence on the main island). To achieve the reoccupation of their historical nesting grounds, 

implementation of restoration actions is needed. Over the past two decades, we have conducted an 

ecological restoration program that includes the re-establishment of breeding population seabirds on 

the main island. Feral cat control started in 2003 on the southern end of the island, and in 2014 we built 

a cat exclusion fence. This created a cat-free area of 156 acres where social attraction techniques have 

been implemented. Monitoring population has been conducted from 2014 to date to estimate the total 

number of breeding pairs and nests productivity. The colony on the main island responded positively to 

the restoration efforts as the number of active burrows has increased from 40 in 2017 to 351 in 2021. In 

contrast, on the islets, which always have been a pristine habitat, our current estimates were 5215 

breeding pairs. Our analyses show a high breeding success (80%) in both habitats. These results suggest 

that conservation actions have been crucial for the recolonization of the breeding population on the 

main island and therefore for the recovering of the population. 

Symposium 6 – Heatwave impacts on marine birds 
October 5 22:00 – 24:00 UTC 

October 6 00:15 – 02:15 UTC 

October 6 14:15 – 16:15 UTC 

Marine heatwaves - an overview of these ocean extremes in the past, present and future 

Alistair Hobday¹, Eric Oliver², Neil Holbrook³, Alex Sen Gupta⁴, Dan Smale⁵, Thomas Wernberg⁶ 

¹CSIRO Oceans and Atmosphere, ²Dalhousie University, ³University of Tasmania, ⁴University of New South 

Wales, ⁵The Laboratory, Citadel Hill, ⁶The University of Western Australia 

Marine heatwaves (MHWs) are periods of prolonged, anomalously warm ocean water in a particular 

location, and can lead to significant impacts on marine ecosystems. A recent framework to define 

MHWs (Hobday et al. 2016) can be readily applied to estimate and compare the characteristics of MHWs 

across space and time and has broad utility in ecological impact studies because it provides a 

standardised 'taxonomy' of MHW metrics that allow quantitative comparisons of perturbation and 

impacts. Under this definition, MHWs occur when ocean temperatures exceed a seasonally varying 

threshold (e.g. the 90th percentile based on a 30 year climatology) for at least five days. Analysis of 

historical ocean temperature data sets using this definition has identified an increase in MHW 

frequency, intensity and duration over the last 100 years. Classification system for MHW intensity 

similar to cyclone intensity scale has been developed to aid communication. Projected warming under 

climate change will lead to future increases, and the emergence of permanent MHW states in some 

ocean regions by mid-century. Prediction of MHWs will soon allow proactive responses, including 

intervention. 



50 
 

Can a range edge colony of Little Penguins in Western Australia recover from an unprecedented 

marine heatwave followed by several years of warmer than average SST? 

Belinda Cannell¹, Julian Tyne², Jennifer Sinclair³, William Sherwin¹, William Kendall⁴ 

¹University of Western Australia/ Murdoch University, ²Murdoch University, ³University of New South 

Wales, ⁴U. S. Geological Survey, Colorado Cooperative Fish and Wildlife Research UnitColorado State 

Universi 

The range-edge of Little Penguins in Western Australia is located on Penguin Island, 50 km south of 

Perth. This colony, studied for >30 years, is genetically distinct and was previously given a high 

conservation value. But from 2007-2017, the population is estimated to have halved, to under 1000 

penguins. Over this past decade, the coastal waters have experienced an unprecedented marine 

heatwave and many consecutive years of above average temperatures. Local abundance of historically 

dominant prey, whitebait, had drastically changed according to commercial fishermen. However, cooler 

SST prevailed in 2018, and local whitebait stocks in 2019 improved. Satellite tags deployed on penguins 

during incubation show that penguins were travelling over 100 km to foraging grounds prior to the 

improved fish stocks, and to <30 km in 2019. Despite these changes, few birds were attempting to breed 

and population estimates from 2019 revealed that the population is still declining. Annual survival 

estimates have altered too. Is there any hope for resilience within the coastal marine ecosystem? Has 

the colony gone too far down the slippery slope for its trajectory to alter? 

Predicting the distribution of seabird species in a region of rapid warming using biophysical 

parameters 

Rhian Evans¹, Mary-Anne Lea¹, Mark Hindell¹ 

¹University of Tasmania 

Due to recent changes in current systems as a result of global warming, the continental shelf south-east 

of Tasmania is a region of accelerated environmental change. These changes are likely to influence 

species responses to variability in oceanography, productivity and the distribution of prey. The main aim 

of this study was to understand the effects of variability in environmental variable and prey-field 

structure, on the distribution of key seabird species in a region of rapid change. Sampling also occurred 

through a severe marine heatwave event (MHW), which significantly altered the bio-physical 

environment where these seabird were foraging. Analysis is based on seabird distribution data collected 

in conjunction with an integrated survey of oceanography and lower-trophic level community structure. 

We used principle component analysis (PCA) to segregate the seabird community utilising the 

continental shelf between November 2015 and January 2018 by foraging behaviour. The spatiotemporal 

distributions of these groups were then modelled against bio- physical covariates using boosted 

regression trees (BRT). Covariates were selected according to their spatiotemporal scale relevance and 

their considered importance to seabird distribution. The two biological covariates considered provided a 

measurement of the spatial distribution of the main prey targets of the seabird species foraging on the 

shelf, considering both foraging technique and the body-size of birds sampled. Sea-surface temperature 

(SST) exhibited the highest relative influence on the distribution of seabirds from two groups, and was 

the third most influential covariate for the third group, making it significant in the distribution of all 

seabirds on the shelf. The albatross group were most affected by the probability distribution of fish 

schools, whereas smaller pursuit diving seabirds such as common-diving petrels were more influenced 

by the distribution of zooplankton biomass after temperature. We conclude that the high relative 

influence of SST on the distribution of seabirds in this region is a prey-mediated relationship, with both 
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the distribution of fish schools and zooplankton biomass exhibiting a negative relationship with SST. In 

light of the predicated increase in MHW events and the overall warming trend for this region, this study 

is an important first-step towards predicting the responses of important seabird species to rapid 

environmental change into the future. 

Impacts of terrestrial heat waves on survival of little penguins during moult 

Lauren Tworkowski¹, Peter Dann², Ursula Ellenberg¹, Kylie Robert¹ 

¹La Trobe University, ²Phillip Island Nature Parks 

Continued warming of the Earth's atmosphere is having a range of ecological, behavioural and 

physiological impacts on seabirds. The effects of changes in sea surface temperatures on seabirds are 

well-documented, but the effects of high ambient temperatures on land are not. Like all penguins, moult 

in Little Penguins is 'catastrophic', with all feathers shed and replaced in ~18 days. As they do not have 

adequate insulation and waterproofing to forage at sea, birds are constrained to land in some of the 

hottest parts of the year. Long-term survival analysis suggests that adult mortality is greatest in years 

when high ambient temperatures are paired with low humidity during moult. Given current climate 

projections, successful management of Little Penguins requires a better understanding of the 

physiological processes and habitat features that influence mortality events. In this study we aimed to 

identify which birds are most at risk of heat stress during moult, and why. Using a novel approach to 

field respirometry, we investigated thermoregulatory costs of moulting birds in response to ambient 

temperature and humidity. Our results predicted that penguins in early stages of moult would be most 

affected by heat exposure, as they displayed a significant increase in metabolic rate at higher 

temperatures compared to mid and late moult birds. During a heat wave in 2019, the greatest mortality 

event of moulting adult Little Penguins on record occurred at Phillip Island in south-Eastern Australia. As 

predicted, all recorded deaths were birds in early stages of moult. We are currently quantifying the 

microclimates of burrows and vegetation types and investigating how birds are using structural habitat 

during extreme weather events. Results will help determine how Little Penguins are currently coping 

with extreme temperatures on land, and identify adaptation options most likely to reduce negative 

climate change impacts for the species across their distribution. 

Did the Marine Heat Wave impact Pacific Sand Lance near the southern end of their range in the 

North East Pacific? 

Douglas Bertram¹, Cliff Robinson², Mayumi Arimitsu³, Vanessa von Biela³, Hayleigh Shannon⁴, Kerry 

Woo⁵ 

¹Environment Canada Wildlife Science Division, ²Department of Fisheries and Oceans, ³USGS, 

⁴Environment and Climate Change Canada Wildlife Reserach Division, ⁵Environment and Climate Change 

Canada, Canadian Wildlife Service 

Pacific Sand Lance (Ammodytes personatus () are a key forage fish for upper trophic level predators in 

the North Pacific Ocean. The recent Marine Heat Wave (2014-2016) negatively impacted sand lance 

growth, energy content, and thus nutrition value of fish in Prince William Sound, Alaska, where 

temperatures anomalies were 1.5 - 2 degrees warmer than normal. Here we investigate whether sand 

lance near the southern end of their range in the Salish Sea were similarly impacted by the heat wave. 

Our study site, Sidney Channel Important Bird Area, in Haro Strait is shallow, and well mixed by tidal and 

estuarine forcing. We sampled fish (n=349) by grab sampling throughout the year from 2013-2019. Fish 

were measured, aged using sagittal otoliths, and energy content will be determined for a subsample. 
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Otoliths were aged, blind, by a second observer using photographs to validate our methods. We will 

examine temporal variation in sand lance size at age and total energy in relation to variation in regional 

ocean temperatures at our study site, and compare it to similar measures from Prince William Sound. 

We will also examine whether CPUE and age structure of sand lance sampled by grab samples provides 

an index of availability and recruitment, as suggested by other investigators throughout the species' 

range. The results of our study will be used to design a long-term, low-effort sampling program to gauge 

forage fish population health and strength in the Sidney Channel Important Bird Area of the Salish Sea. 

 

Local weather, microclimate and nest-scale drivers of shy albatross chick mortality and breeding 

success 

Claire Mason¹, Alistair Hobday², Rachael Alderman³, Mary-Anne Lea¹ 

¹University of Tasmania, ²CSIRO, ³Department of Primary Industries, Parks, Water and Environment 

(DPIPWE) 

Shy albatross are an endemic Australian seabird, with three breeding colonies off the coast of the island 

state of Tasmania. Like many species, climate change is a significant future threat, however, the specific 

impacts remain unclear. As well as macro-scale environmental changes, we expect local weather and 

microclimate at the breeding colony to influence breeding success from our observations of spatial and 

temporal clumping of breeding attempt failures. Our data show high-quality nests significantly increase 

breeding success and we capitalised on this discovery by trialing artificial nests as a climate adaptation 

intervention strategy, to great success. To further explore the fine-scale variation across the colony and 

which factors drive breeding success, we use eight seasons of data from a robotic gigapixel remote-

monitoring camera providing daily observations of over 100 nests. We analyse spatial and temporal 

patterns of chick mortality and breeding success to understand the environmental, physical, and 

intrinsic factors at an individual nest-scale to inform the potential and implementation of future climate 

adaptation interventions. 

Successful fairy prion (Pachyptila turtur) breeding through the climate events of the last seventeen 

years 

Graeme Loh¹, Sarah Saunderson² 

¹Ornithological Society NZ, ²University of Otago 

On the sandstone cliffs of the Dunedin coastline (south-east coast New Zealand, 46°S) the only mainland 

colony of fairy prions persists on a ledge that is inaccessible to rats and other mammals. Eighty nest 

boxes and artificial burrows have been installed and taken up by prions within the small colony of fifty 

natural burrows. The chick production of this banded population has been monitored since 2004. 

Geolocator tracking in 2011-12 shows that Dunedin prion parents forage near New Zealand during the 

breeding season. Each January since 2005 the date and weight of chicks at fledging has been recorded. 

The median values during this period (2005 to 2021) were; fledge weight 123g, maximum weight 170g, 

fledge date 27 January, and breeding success 0.80. Through all these years, including the el Niño of 2015 

and the Tasman Sea marine heat wave of Nov 2017- Feb 2018 the prions have maintained consistent 

success in raising eggs to chicks, then onto fledging. Temperature loggers in sunny nest boxes during the 

2018 Tasman Sea marine heat wave often recorded temperatures greater than 25°C, sustained for three 

hours in January. There were no observed effects upon the resident chicks. The fate of chicks after 

fledging is hard to determine as it takes five to seven years before the majority are seen at the colony as 
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adults. In conclusion, the breeding of fairy prions at this location is not sensitive to the variations in 

climate that have occurred so far. 

Seabirds´ life history traits may be maladaptive under warmer oceanographic conditions: The case of 

Heermann´s Gull Larus heermanni. 

Enriqueta Velarde¹, Exequiel Ezcurra¹ 

¹Universidad Veracruzana 

In the present century ocean warm events are occurring more frequently than previously. This has 

caused reduction of forage fish availability for many seabirds. Over 90% of the Heermann´s Gull (Larus 

heermanni) breeding population nests in Isla Rasa, a 0.6 ha island in the Gulf of California, which has 

experienced local warm anomalies in addition to the global ENSO events. We analyzed Heermann´s Gull 

population growth through matrix-based demographic models under normal and high sea surface 

temperature (SST) conditions. Under stable, normal conditions, predicted population growth was ca. 4%, 

with fledgling and juvenile survival contributing to population growth. Under high SST conditions, 

predicted population growth dropped to -15% and adult survival became the key factor to determine 

the maintenance of the population and species fitness, due to the fact that no significant increase of 

adult mortality was found for years of warm SST events. Simulations showed that population growth 

rate declined as the frequency of warm SST events increased. Thus, the species can resist oceanographic 

anomalies occurring up to one event every 5 years without seriously compromising their population 

growth rate or individual fitness. Heermann´s Gull demographic strategy is to prioritize survival during 

years of low food abundance and maximize reproductive effort during years when food is abundant. 

Their capacity to survive without breeding during anomalous years, allowing for later reproduction, 

seems to be a major selective factor favouring longevity in this species. However, if the frequency of 

warm anomalies increases further, the simulation shows a rapid population decline. Over the last 40 

years the frequency of global warm anomalies has doubled in the Gulf of California. Considering the 

local warm anomalies, the frequency of total anomalies has increased five-fold. Thus, the shutdown of 

the breeding process till the next year with good food and nesting conditions occur may be, under 

present high frequency of warm anomalies, an evolutionary maladaptive trait, unless some few 

individuals in the population are not strictly conforming to this life-history strategy. 

Individual Heermann's Gull (Larus heermanni) breeding strategies in a changing world: Are they 

adaptive any longer? 

Gabriela De la Cruz Pino¹, Enriqueta Velarde¹, Ernesto Ruelas¹, Mark Marín-Hernández¹ 

¹Universidad Veracruzana 

In iteroparous and long-lived species, such as seabirds, reproductive effort, reproductive success and 

survival at age class, as well as longevity, play a crucial role in their life history strategies. Isla Rasa, 

located in the Midriff Islands region of the Gulf of California, is the nesting site of ca. 95% of the world's 

Hermann's Gull (Larus heermanni) population. This species has demonstrated reproductive strategies 

such as avoiding breeding until favorable food conditions exist, longevity, late sexual maturation and 

low reproductive rate. Thus, effects of global and local positive anomalies of sea surface temperature 

(SST) and fisheries pressure close to the nesting colony have short term effects, during the nesting 

season. However, differences in reproductive performance have not yet been individually characterized. 

Our main was to assess the effect of age, longevity and environmental conditions (normal and 

anomalous high SST years) on the total (lifetime) chicks produced per female. We analyzed females from 
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seven cohorts, banded between 1984 and 1993, and recaptured between 1989 and 2013. We identified 

two types of strategies: females who laid eggs and hatched chicks both in normal and anomalous years 

(bold females), and females who did not lay eggs in anomalous years or, if they did, did not hatch chicks 

(conservative females). Our observations show that bold females are the less common strategy, and live 

significantly shorter lives. Through a generalized linear mixed model analysis we found that during their 

lifespan, these females lay significantly fewer eggs than conservative females. Nevertheless, there was 

no difference in the total number of chicks fledged between bold and conservative females. This 

suggests that both strategies are adaptive and are coexisting, and maintain a balance in the population. 

If anomalous years become more frequent in the future, bold females may be at a selective advantage 

over the conservative ones. 

Beached Bird Patterns from the Northeast Pacific: Lessons from a Warming World 

Julia Parrish¹, Timothy Jones¹, Hillary Burgess¹, Jackie Lindsey¹, Charlie Wright¹ 

¹University of Washington 

Recent research has highlighted how changing atmospheric and ocean conditions impact upper-trophic 

marine species, including seabirds. Mass mortality events (MMEs) are one response, as species contend 

with increases in climate variability, anthropogenic and natural forcing factors. We use citizen science 

data, anecdotal reports and media stories to document a shift in the frequency, magnitude, taxonomic 

breadth and causality of seabird MMEs throughout the northeast Pacific and Alaskan coastlines within 

the last 35 years. Since 2014, the North Pacific has experienced multiple seabird mass mortality events 

starting in the California Current system with an unprecedented MME of Cassin's auklets (2014-15) and 

moving north into the Gulf of Alaska (2015-16; Common Murres), Bering Sea (2016-17; Tufted Puffins, 

2019 Short-tailed Shearwaters), and the Bering Strait and Chukchi Sea (2017-19; murres, shearwaters 

and Northern Fulmars). Although MMEs have been a consistent feature of coastal ecosystems, a 

nonlinear increase in frequency and magnitude (measured as maximum monthly regional encounter 

rate; carcasses/km) has been associated with the transition from predominantly cool to warm ocean 

conditions including the northeast Pacific marine heatwave, a weak El Niño event, and severe reductions 

in sea ice extent in the Bering Sea, all of which have contributed to warmer sea surface temperatures 

(SST) compared to climatological averages. While starvation coincident with large-scale shifts in 

ecosystem structure appear obvious, several features of the broad-scale MME pattern remain under-

explored: (1) the underlying mechanism of starvation - prey distribution, quality, and abundance; (2) the 

degree to which post-breeding stress exemplified by molt creates a physiological tipping point; (3) the 

role of associated ecosystem stressors including harmful algal blooms and disease; (4) why certain 

species shift the live, presumably stressed bird distribution towards the nearshore; and (5) the apparent 

resilience of populations post-MME to continued warm conditions. 

Peak ocean temperatures cap long term warming in the eastern Pacific Arctic and the trophic cascade 

slams seabirds: an Arctic tipping point? 

Kathy Kuletz¹, Daniel Cushing², Franz Mueter³, Erik Osnas¹, David Kimmel⁴, Elizabeth Labunski¹ 

¹U.S. Fish and Wildlife Service, ²U.S.Pole Star Ecological Research, LLC, ³University of Alaska, Juneau, 

⁴National Oceanographic and Atmospheric Administration 

The eastern Northern Bering (NB)-Chukchi Sea (CS) ecosystem supports millions of seabirds and is 

changing dramatically. Record breaking ocean temperatures in 2017-2019 followed decades of 

progressive warming. In 2017-2019, reduced winter sea ice also led to dissolution of a thermal barrier in 
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the Bering Sea, resulting in an unprecedented biomass of predatory fish (Gadidae) and jellyfish moving 

north, with capacity to impact seabird prey. Multiple ecosystem studies, which included at-sea seabird 

surveys (~150,000 km of effort, 2007-2019), found linked impacts on zooplankton, fish, and seabird 

communities. Planktivorous auklets (Aethia spp.) and shearwaters (Ardenna spp.) numerically dominate 

the offshore avifauna in both the NB and CS, whereas more piscivorous seabirds dominate CS nesting 

colonies. Seabird distribution mirrored broadscale prey shifts across years, but cross-community 

analyses showed diminished relationships at finer scales, particularly between piscivorous seabird and 

fish communities. In 2017-2019, offshore abundance of some seabird species fell below 13-year means, 

although auklets increased dramatically in the NB and decreased in the CS, suggesting a break in the 

pattern of post-breeding migration north to the CS. Seabird mortality events due to starvation occurred 

in both regions in 2017-2019. In 2019 (peak ocean temperatures), zooplankton abundance in the NB was 

half that of 2017 and dominated by small copepods (low-quality prey for planktivores). Concurrently, 

large copepods were largely absent in both the NBS and CS (no high quality prey available). Abundance 

indices of forage fish species varied spatially and by species, but where available, their energy densities 

were low. We propose that low winter sea ice, which facilitated high ocean temperatures, launched a 

trophic cascade wherein seabirds could not compete for or access sufficient prey. Seabirds exhibited 

declines in abundance, distribution shifts, and starvation. Effects were most prevalent in the NB, but 

affected both planktivorous and piscivorous species throughout, reflecting impacts at multiple trophic 

levels. 

Forage collapse underpinned a large-scale seabird die-off during the prolonged marine heatwave in 

the Gulf of Alaska 

Mayumi Arimitsu¹, John Piatt¹, Robert Suryan², Sonia Batten³, Scott Hatch⁴, Kathy Kuletz⁵, Caitlin 

Marsteller¹, David McGowan⁶, W. Scott Pegau⁷, Sarah Schoen¹, Vanessa von Biela¹ 

¹USGS Alaska Science Center, ²NOAA Alaska Fisheries Science Center, Auke Bay Lab, ³Marine Biological 

Association, ⁴Institute for Seabird Research and Conservation, ⁵U.S. Fish and Wildlife Service, ⁶University 

of Washington, ⁷Prince William Sound Science C 

Forage fish and euphausiids provide a conduit for energy transfer between plankton and predators in 

marine ecosystems. In this study, we documented changes in Gulf of Alaska forage fish populations by 

examining trends in abundance, and changes in age, growth, and energy content during the North 

Pacific marine heatwave (PMH) in 2014-2016. We also examined changes in lower (copepods) and upper 

(seabirds) trophic levels. We found that indices of forage fish abundance declined to historically low 

levels during the PMH. Changes in age structure, growth, and energy content of forage fish were 

associated with warming during the heatwave, but not all species responded in the same way. For 

example, spawning capelin grew faster and matured at a younger age but shorter length than usual, 

while sand lance experienced anomalously low growth and lipid storage. Krill abundance declined due to 

the loss of more typically cool-water species during the PMH. These changes in forage populations had 

profound impacts on predator populations in 2015-2016, when seabirds experienced shifts in 

distribution, unprecedented mass mortality, and reproductive failures. In contrast, indices of small and 

large copepods increased during and after the PMH, which we hypothesize may be related to reduced 

grazing by planktivores such as forage fish. The persistent PMH coincided with the collapse of multiple 

forage fish populations and reduced the efficiency of energy transfer through the middle trophic level of 

pelagic food webs. This disruption in energy flow to higher vertebrate predators caused catastrophic 

reductions in their numbers and productivity. 



56 
 

Breeding seabirds increase foraging range in response to an extreme marine heatwave 

Orla Osborne¹, Patrick O'Hara², Kyle Elliott³, Paul Zandbergen¹, Scott Hatch⁴, Shannon Whelan³ 

¹Vancouver Island University, ²Environment and Climate Change Canada - University of Victoria, ³McGIll 

University, ⁴Institute for Seabird Research and Conservation 

Marine heatwaves are increasing in frequency and can disrupt marine ecosystems non-linearly. In this 

study, we examined the effect of the North Pacific warming event of 2014, the largest long-term sea 

surface anomaly on record, on black-legged kittiwake (Rissa tridactyla) foraging trips before, during, and 

after the event. We assessed foraging trip characteristics (trip distance and duration), the dispersal of 

foraging locations, and the persistence of foraging areas within and among years. Foraging trip 

characteristics, foraging area size, and location varied from year to year. Kittiwake foraging was more 

dispersed, direct, and farther from the colony in years immediately after and during the warming event. 

A third of the foraging area used pre-heatwave (2012) was important in subsequent years, which 

indicates that this area was, and may still be, a perennial foraging hot spot. During the chick-rearing 

stage, black-legged kittiwakes increased their speed and reduced the proportion of resting compared to 

the incubation stage. We conclude that marine heatwaves may have a strong impact on seabird 

foraging, extending foraging ranges, and that those impacts may be nonlinear with a strong lag. 

Effects of Marine Heat Waves on Gulf of Maine Seabirds 

Donald Lyons¹, Steven Kress¹, Paula Shannon¹, Susan Schubel¹ 

¹National Audubon Society 

Atlantic Puffins (Fratercula arctica) and other seabirds nesting in the Gulf of Maine (GOM) are 

dependent on abundant and accessible forage fish during summer months to feed and fledge young. 

Warming surface temperatures can cause forage fish to move into deeper water and/or further from 

shore and reduce their availability to surface-feeding or shallow-diving seabirds. During anomalously 

warm periods, seabird chicks are fed less often and are sometimes fed lower quality or inappropriately 

sized food types. This reduced feeding efficiency often results in substantial starvation-induced chick 

mortality, but the overall effect on fledging success for a colony can vary across seabird species 

according to their foraging mode and individual chick development strategy. In addition to greater risk 

of mortality prior to fledging, poorly fed chicks also experience heightened mortality rates following 

fledging if their body condition is marginal when they leave the nesting island. Over the last two 

decades, surface temperatures have trended upwards in the GOM but with significant annual and 

seasonal variability. Intense heatwaves (2012-13, 2016 and 2018) have been associated with poor 

fledging success and weak year classes, but some recent years with moderate or cool temperatures 

(2017 and 2019) have been as successful or in a few cases even more successful than historic norms. In 

this talk we will compare historical fledging and recruitment rates to those during recent warm and 

variable conditions to consider the possible trajectory of prominent GOM seabird populations. 

Taking it to the limit: Divergent population dynamics and prey availability at the Northern Gannets 

range limits in a warming North Atlantic Ocean 

Bill Montevecchi¹, Rail Jean-François², Jana Jeglinski³, Jason Matthiopoulos³, Sarah Wanless⁴, Andrew 

Smith⁵, Leanne Guzzwell¹, Sabina Wilhelm², Kyle. d?Entremont¹, Svein-Håkon Lorentsen⁶, Halvard 

Strøm⁷, Robert Barrett⁸ 

¹Memorial University of Newfoundland, ²Canadian Wildlife Service, ³University of Glasgow, ⁴Centre for 
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Ecology & Hydrology, ⁵Fisheries and Oceans Canada, ⁶Norsk Institutt for Naturforskning,, ⁷Norsk Polar 

Institute, ⁸Tromsø University Museum 

Biological tolerance to environmental change is anticipated to be most acute at species range limits and 

in polar regimes. The Northern Gannet, a plunge-diving pelagic piscivore, breeds from mid-latitude low 

arctic waters in the western Atlantic Ocean into high-latitude arctic waters in the eastern Atlantic. 

Warming ocean climate is associated with divergent reproductive and population dynamics in the 

southern and the northern limits of the Northern Gannets' breeding range. Parental abandonment 

driven by increased foraging effort, poor success, population growth and colony stability characterize 

the gannets' patterns in the southernmost colonies in the NW Atlantic, whereas the gannets exhibit 

variable reproductive success, population growth, colony volatility and range expansion in the NE 

Atlantic. Mackerel, a migratory warm-water pelagic species, a primary prey of Northern Gannets is also 

exhibiting divergent patterns in its northern range limits in the western and eastern Atlantic, with 

standing stock biomass in the critical zone in the west contrasting with a robust and expanding standing 

stock biomass in the east. Mackerel abundance is robustly associated with breeding success at the 

southern extent of the gannets' range in the western Atlantic and is likely playing a role in the gannets' 

expansion into the arctic. We assess the interplay of ocean climate and the distribution, abundance and 

availability of Atlantic mackerel and other forage fishes, and their consequences for the gannet's 

reproductive and population patterns at their low and high latitude range limits and generalize potential 

long-term influences of a warming ocean on seabird and forage fish interactions in the North Atlantic 

Ocean. 

Continuous video monitoring reveals heat stress of nesting common murres 

Jonas Hentati Sundberg¹, Agnes Olin², Erika Karlsson³ 

¹Swedish University of Agricultural Sciences, ²University of Strathclyde, ³Karlstad University 

Heat stress can cause both egg loss and adult mortality in breeding seabirds, and is likely to become 

more common as temperatures increase around the globe. As such, improving our understanding of 

how seabirds are affected by heat stress is of key importance, but this requires detailed observations of 

behavior. We performed continuous video recording of two breeding ledges of common murres Uria 

aalge in the Baltic Sea (57° N, 17° E) during the 2019 breeding season. One of the ledges was in the 

shade and the other one was exposed to afternoon sun. We quantified heat stress by observing the 

behavior of gular flapping, and studied possible coping strategies the birds used to reduce heat stress 

(e.g. spending less time on the ledge, taking more frequent turns in incubation, finding shade). Among 

12 pairs studied in detail, one lost its egg as an indirect effect of heat stress when it tried to move its egg 

to a shady spot, where it was predated by a herring gull Larus argentatus. The temperature that day was 

26.1° C at a nearby weather station which is a very high temperature for this of the year on this 

northerly latitude. We discuss how video recordings can contribute to a deepened understanding of 

heat stress effects in breeding seabirds and how increased frequency of heat waves can have negative 

effects on seabird productivity. 

Increased sensitivity of common murres to top-down disturbance by bald eagles during poor foraging 

conditions of a marine heatwave. 

Jessica Porquez¹, Rachael Orben¹, Jane Dolliver¹, Stephanie Loredo¹, Ana Medina Roman¹, Donald Lyons², 

Robert Suryan³ 
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¹Oregon State University, Hatfield Marine Science Center, ²National Audubon Society, ³NOAA Alaska 

Fisheries Science Center 

Common murres (Uria aalge) are expected to buffer activity budgets during poor conditions to 

compensate for low prey availability. However during a marine heatwave (2014-16) in the eastern North 

Pacific, we found that common murres nesting at Yaquina Head, Oregon, USA had near zero 

reproductive success (2015-17). Breeding success during this time was compounded by top down 

pressure from avian predators, primarily bald eagles (Haliaeetus leucocephalus), and while disturbance 

rates were highest in 2016 (0.495/hr), rates were slightly lower during the other heatwave years 

(0.29/hr) than preceding (2011-2013, 0.37/hr), when reproductive success was 0.41±0.06. Murres 

showed multiple signs of prey limitation during heatwave years. Birds caught at-sea near the colony and 

fitted with Argos-PTTs (2015-2016, n=15) typically foraged 174 km north at the mouth of the Columbia 

River. Daytime dives and central place foraging trips were notably longer in duration in 2015 than 2013. 

Feeding delivery rates during heatwave conditions in 2016 were on average the lowest in our time series 

~0.15/hr (1999-2002, 2010-present). Fish length was not notably different from average in 2016, thus it 

appears murres did not compensate by increasing the size of delivered. In assessing heatwave impact, 

colony structure was also important, as a small subset of birds in nesting locations protected from eagle 

disturbance hatched chicks, at reduced rates, during peak heatwave years. The effects of the heatwave 

persisted into 2017, but in 2018 and 2019 reproductive success was high despite the continued 

occurrences of bald eagle disturbances. This suggests that predation can impede reproductive effort 

when prey availability was poor, potentially benefiting individuals by preventing investment in breeding, 

with reduced effect as foraging conditions improve. Our results indicate that murre reproductive success 

may be more stochastic as marine heatwaves become more common and the impact of these events 

may be exacerbated by predation at colonies. 

Breeding success of Short-tailed Shearwaters Ardenna tenuirostris following large-scale 

oceanographic change 

Jacqueline Glencross¹, Jennifer Lavers¹, Eric Woehler² 

¹University of Tasmania, ²Birdlife Tasmania 

Since the 1970s, the oceans have buffered the increasing amount of heat as a result of increasing 

atmospheric temperatures. Since 2013, a large, anomalous patch of warm water has persisted around 

North America?s west coast and is believed to be the primary cause for thousands of seabird and marine 

mammal mortalities. While the mechanism(s) are not entirely understood, the cause of the deaths has 

largely been identified to be starvation. Short-tailed Shearwaters Ardenna tenuirostris (STSH) 

experienced significant mass mortality (?wreck?) events on their foraging grounds in the North Pacific 

Ocean. During June to August 2019, at least 9,000 STSH died. In September, STSH begin their ~11,000 

km southward migration to their breeding grounds in southeast Australia. Widespread reports of late 

arrivals raised further concerns for this highly synchronous species. The numbers at colonies were 

substantially lower than previous years. We document the breeding success of two STSH colonies in 

southeast Tasmania, and compare the 2019/20 breeding population size with data from 2011. 

Ecosystem response to a prolonged marine heatwave in the Gulf of Alaska: Seabirds are the tip of the 

iceberg 

Robert Suryan¹, Mayumi Arimitsu², Heather Coletti³, Russell Hopcroft⁴, Mandy Lindeberg¹, Sonia Batten⁵, 

James Bodkin², Mary Anne Bishop⁶, Rob Campbell⁶, Daniel Cushing⁷, Seth Danielson⁴, Daniel Esler², Scott 
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Hatch⁸, Stormy Haught⁹, Kris Holderied¹⁰, Katrin Iken⁴, David Irons¹¹, Robert Kaler¹¹, Brenda Konar⁴, Kathy 

Kuletz¹¹, Craig Matkin¹², Caitlin McKinstry⁶, Daniel Monson², John Moran¹, Daniel Olsen¹², Scott Pegau⁶, 

John Piatt², Anne Shaefer⁶, Janice Straley¹³, Benjamin Weitzman¹⁰ 

¹NOAA Alaska Fisheries Science Center, ²U.S. Geological Survey Alaska Science Center, ³National Park 

Service, ⁴University of Alaska Fairbanks, ⁵Marine Biological Association, ⁶Prince William Sound Science 

Center, ⁷Pole Star Ecological Research LLC, ⁸Insti 

The northeast Pacific marine heatwave (PMH) that began during the winter of 2013-14 and persisted for 

two years, was the longest lasting heatwave globally over the past decade. By 2017, some physical 

metrics of the PMH began to dissipate throughout the Gulf of Alaska; however, the hiatus was 

temporary and another heatwave re-intensified in fall-2018. Our analysis of 113 time series of biological 

metrics from the northern Gulf of Alaska demonstrates the degree to which this event coincided with 

abrupt changes in abundance and performance metrics of diverse taxa from lower to upper trophic 

levels and nearshore intertidal to offshore oceanic domains. The common trend among our time series 

from dynamic factor analysis indicated an abrupt change across metrics during the PMH with little 

recovery in the years following. Approximately half of the time series examined showed a significant 

response during the heatwave. The direction of response among time series, however, varied greatly by 

taxa and at times even within taxa, such as seabirds. Whereas some metrics trended back toward pre-

PMH values during the heatwave hiatus, others did not. Taxa ranging from lower trophic level 

consumers to upper trophic level predators remained far from pre-PMH values through the hiatus and 

up to at least 4 years after the onset of the PMH. Furthermore, our suite of Gulf of Alaska biological 

metrics showed distinct community-level groupings relative to at least a decade prior to the PMH. Since 

the beginning of the PMH, the Gulf of Alaska has experienced five of the ten warmest summers over the 

past 119 years. Given this multi-year warming coupled with anticipated increases in marine heatwaves 

under current climate projections, it remains uncertain when or if the Gulf of Alaska ecosystem will 

return to a pre-PMH state. 

Is ocean warming a primary cause of seabird die-offs? 

John Piatt¹, Mayumi Arimitsu², William Sydeman³, Marisol Garcia-Reyes³, Nancy Naslund⁴ 

¹USGS, ²USGS Alaska Science Center, ³Farallon Institute, ⁴Flying Auk Ranch 

Since the advent of systematic beach surveys 40-60 years ago, we now know that in any one location 

seabird wrecks occur over weeks and months, usually in winter, and irregularly on multi-annual/decadal 

time scales. Aggregated species are most affected, and thousands of birds may be found dead on 

beaches (a small fraction of total mortality). Wrecked birds are usually emaciated, suggesting starvation 

as the proximate cause of mortality. Prey scarcity may be ascribed to overfishing or recruitment failure. 

Or the ultimate cause of wrecks may be ascribed to other factors, acting alone or in concert, such as 

disease, biotoxins, contaminants, warm-water anomalies, upwelling failure and storms. In recent 

decades, some large wrecks have been clearly associated with heating events like El Niño or "The Blob". 

Warm water may affect food supplies by reducing forage quality (growth, fat content) through bottom-

up reduction in productivity, and by top-down reduction of forage by increasing metabolic/consumption 

rates of large, cold-blooded groundfish. We will test these hypotheses, and other assumptions about 

die-offs, by examining circumstances of the three largest seabird wrecks ever documented: a wreck of 

54,000 seabirds, mostly prions, during winter 2011 in the Tasman Sea; a wreck of 55,000 seabirds 

(mostly puffins and murres) during winter 2013-2014 in the NE Atlantic; and a wreck of 62,000 murres in 

the NE Pacific during fall/winter 2015-2016. Two of these were associated with strong, acute heatwaves 
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while one was not. We will compare and contrast oceanographic trends, forage fish stock abundance 

and prey quality, seabird die-offs and impacts on breeding success or survival. We will test hypotheses 

about how each system "should" have responded to warming sea temperatures, consider how each 

system actually responded, and evaluate the hypothesis that ocean warming is a primary cause of 

seabird die-offs via its effect on food supplies. 

Symposium 7 – Adaptation and intervention as a climate response 
October 7 00:15 – 02:15 UTC 

Climate adaptation interventions for iconic species 

Claire Mason¹, Alistair Hobday², Rachael Alderman³, Mary-Anne Lea¹ 

¹University of Tasmania, ²CSIRO, ³Department of Primary Industries, Parks, Water and Environment 

(DPIPWE) 

Climate adaptation is an emerging practice in biodiversity conservation, but little is known about the 

scope, scale, and effectiveness of implemented actions. Here, we review and synthesize published 

reports of climate adaptation interventions for iconic fauna. We present a systematic map of peer-

reviewed literature databases (Web of Science and Scopus); however, only nine climate adaptation 

actions targeting iconic fauna were returned. In the grey and informal literature, there were many 

instances of practical intervention within our scope, that were not uncovered during traditional 

systematic search methods. The richness of actions reported in commercial news, government and non-

government organization media outlets and other online sources vastly outweighs the limited studies 

that have been robustly evaluated and reported in the scientific literature. From our investigation of this 

emerging field of conservation practice, we draw insights and pen a series of recommendations for the 

field moving forward. Key recommendations for future adaptation interventions include: the sharing 

and publishing of climate-related conservation interventions, the use of standardized metrics for 

reporting outcomes, the implementation of experimental controls for any actions undertaken, and 

reporting and evaluation of both failures and successes. 

Building capacity and experience in climate interventions for seabirds 

Alistair Hobday¹, Rachael Alderman², Geoff Tuck¹, Shane Rcihards³ 

¹CSIRO Oceans and Atmosphere, ²DPIPWE, ³University of Tasmania 

The impacts of climate variability, and now climate change, on seabird distribution, abundance, and 

performance are widely documented. Long term negative trends for some species mean that business-

as-usual conservation approaches are no longer sufficient. Managers and scientists are finding that 

continuing to document long-term declines is unfulfilling, and many are considering interventions to aid 

adaptation. While a strong knowledge base to support intervention decisions is desirable, due to the 

rate of climate change some interventions will need to be trialled with imperfect knowledge, and 

learning will emerge through the deployment of the adaptation strategy. Here we describe an approach 

to develop, screen, prioritise and then test adaptation options for colonial seabirds. Our work on shy 

albatross has shown that interventions can improve hatching rates, chick survival and hence breeding 

performance. These approaches can serve to offset some climate-related declines. Results from these 

experiments can be used to parametrise population models and develop long-term adaptation 

strategies, and plan an optimal intervention mix for population persistence in a fast changing world. 
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Helping or hindering? Evaluating artificial nests as a climate adaptation tool in a range edge 

population 

Erin Clitheroe¹, Joe Fontaine¹, Belinda Cannell² 

¹Murdoch University, ²The University of Western Australia 

Populations at range edges may be unique genetically and be the first to show impacts of climate 

change. Penguin Island, Western Australia, is home to a genetically distinct population of little penguins 

(Eudyptula minor) at the extreme north-western limit of the species range. Recent studies suggest that 

this population is likely to be negatively impacted by anticipated changes in marine climate and prey 

availability yet correspondingly little is known regarding climate change impacts on nesting habitat. 

Conservation interventions at the population scale may rely on the intensive management and 

restoration of terrestrial habitat to facilitate population resilience and buffer the adverse effects of 

climate change. Thus, among the critical elements of successful conservation planning for long term 

species persistence is a comprehensive understanding of habitat use, microhabitat conditions and 

climate change impacts at range edges. We characterised little penguin nesting habitat and quantified 

relationships between nest attributes, microclimate and nest use. Subsequently, we implemented a 

manipulative study testing two artificial nest designs and four shading treatments to determine how to 

most effectively emulate the microclimate of natural cavities. Artificial nest boxes experienced 

consistently higher daily maximum temperature (~2 ˚C) and maintained temperatures above little 

penguins' upper thermoneutral limits for around one hour longer than natural nests. Ambient weather 

conditions and fine scale biotic and abiotic nest characteristics influenced the maximum daily nest 

temperature and hours of exposure to upper thermoneutral limits. Experimental manipulation of boxes 

and shading revealed nest design and shading methods were effective at reducing nest temperature. 

Compared to exposed boxes, artificial shading and shading vegetation had the greatest buffering effect, 

significantly lowering maximum nest temperature by around 4.5 ˚C and reducing the time of exposure to 

upper thermoneutral limits by one hour. Further, shaded treatments had thermal profiles either 

comparable to, or up to 2 ˚C cooler than, natural nests. This study provides insight into how predicted 

changes in climate may impact species living at their thermal limit and highlights the conservation 

implications of informed habitat management and artificial nest design. Our results inform land-based 

efforts to buffer climate change effects on range-edge populations. 

Current, planned and "Penguins in the sky" - Management interventions for the Endangered African 

penguin in face of Climate Change 

Katta Ludynia¹, Nicola van Wilgen², Wendy Foden², Alison Kock², Darrell Abernethy³, Barbara Barham⁴, 

Peter Barham⁵, Marcela Espinaze⁶, Christina Hagen⁷, Azwianewi Makhado⁸, Trudi Malan⁹, Sonja 

Matthee⁶, Alistair McInnes⁷, Arne Purves¹⁰, Laura Roberts¹¹, Kevin Shaw¹², Richard Sherley¹³, Albert 

Snyman¹⁴, Lauren Waller¹⁵ 

¹SANCCOB/University of Cape Town, ²SANParks, ³University of Pretoria, ⁴Penguin Datasystems, 

⁵University of Bristol, ⁶University of Stellenbosch, ⁷BirdLife South Africa, ⁸Department of Environment, 

Forestry and Fisheries, ⁹Dyer Island Conservation Trust, ¹ 

The southern tip of Africa is experiencing marked changes in land and sea temperatures, wind patterns 

and ocean currents, with resulting impacts on marine species and ecosystems. One of the most affected 

species, the endangered African penguin (<I>Spheniscus demersus</I>), has declined dramatically in 

recent decades, but climate change is rarely acknowledged as a key contributor to this population 

trajectory. However, the critical threat to this species, reduced food abundance, is exacerbated by 
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climate change driven reduced prey abundance and distribution shifts. Extreme weather, leading to 

hyperthermia and abandonment of penguin chicks by parents, habitat loss due to storm surges and 

heavy rain, and disease outbreaks have all been exacerbated by climate change. While some 

conservation measures promoting climate change adaptation have been implemented, others remain in 

the planning phase or are purely contemplative "penguins in the sky". We report on current and 

planned management interventions, such as rescue of penguins, in particular abandoned eggs and 

chicks, provisioning and rehabilitation of safe nesting habitat as well as improved habitat protection 

from erosion and flooding, improving fish availability (through improved fisheries management and 

declaration of MPAs), establishment of new colonies, disease surveillance and prevention, and parasite 

studies. Several such interventions are already in their initial phases, creating species' resilience and 

raising awareness for climate change among government and resource managers. "Penguin in the sky" 

interventions, i.e. those that might seem far-fetched at present, may however become necessities under 

rapidly escalating climate change impacts. These include increasing the elevation of breeding islands, 

creating new islands and securing land upslope of mainland populations for conservation, complete 

closure of fisheries -- and others that we haven't yet thought of. 

Seabirds as natural partners in maximizing island ecosystem resilience to climate impacts 

Alex Wegmann¹, Stefan Kropidlowski², Beth Flint², Amanda Pollock³, Nick Holmes¹, Kim Falinski¹, Mele 

Khalsa⁴, Katie Franklin¹ 

¹The Nature Conservancy, ²U.S. Fish and Wildlife Service, ³Pacific Remote Islands National Marine 

Monument, ⁴Island Conservation 

Seabirds play an important connectivity role for terrestrial and marine ecosystems through 

allochthonous nutrient transfer. Here, we present a conservation intervention leveraging a seabird-

driven land-sea connection to enhance an atoll's resilience to climate impacts. In April 2019, The Nature 

Conservancy, U.S. Fish and Wildlife Service, and Island Conservation initiated the Palmyra Atoll 

Rainforest and Reef Resilience Project to maximize the quantity and distribution of seabird-derived 

nutrients subsidizing primary productivity on land and in nearshore marine habitats. Palmyra Atoll, an 

incorporated, unorganized U.S. territory supports the only protected rainforest in the region. This 

conservation action entails replacing the atoll's estimated 27,000 coconut palms (covering > 40% of 

forested land) with native tree species preferred by seabirds as roosting and nesting habitat. Research 

conducted at Palmyra shows a significant relationship between seabird-derived nutrients (guano) and 

primary productivity in both terrestrial and coral reef systems. We are using Unmanned Aerial Systems 

(UAS) and other standard monitoring methods to measure change in seabird distribution and 

abundance in response to rainforest realignment along with repeat measures of nutrient concentrations 

in submarine groundwater discharge to track change in seabird-derived nutrient subsidies to the marine 

environment. We expect coconut palms controlled and native trees established within two years of 

project initiation, and a mature forest canopy within 15 years. With this conservation intervention, we 

hope to establish a climate adaptation tool for other seabird islands previously converted to copra 

plantations. 

The effects of rapid destabilization of coastal marine ecosystems on breeding seabirds 

Douglas Causey¹, Kate Sheehan², Kurt Burnham³, Brittney DePue¹, Alexzandrea DePue¹ 

¹University of Alaska Anchorage, ²Frostburg State University, ³High Arctic Instittue 
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Understanding the complex dynamics of environmental change in northern latitudes is particularly 

critical for Arctic coastal communities, which are at the interface between land and sea. Coastal marine 

foodwebs are more complex and interconnected--even in the High Arctic--by comparison to those found 

in adjacent terrestrial and offshore marine ecosystems. Quantitative assessment of marine foodweb 

structure and dynamics is challenging given the difficulty in direct sampling of organisms in the water 

column, particularly so in Arctic regions. We utilize instead indirect methods that allow reconstruction of 

foodweb structure and entropic stability within a broad range of spatial and temporal scales using birds 

as proxy indicators of change. Avian communities of marine and terrestrial Arctic environments 

represent a broad spectrum of trophic levels, from herbivores, planktivores, insectivores, nearshore and 

offshore fish, even other bird species. We have been reconstructing the foodweb ecology using stable 

isotopes (d13C, d15N, d34S), parasites, and diet reconstruction of contemporaneous coastal bird 

communities in High Arctic (Northwest Greenland) and Low Arctic (Aleutian and Bering Sea islands, AK). 

Initial findings indicate that in the past decade Arctic coastal foodwebs are increasingly less predictable 

with higher structural variance, less complex, simpler trophic structure, and possibly with different 

species composition. Analysis of archival specimens collected over 150 years show that these patterns 

appear to be similar throughout the Arctic, but with the effect gradient increasing with latitude and 

time. We discuss the potential fine-scale implications of change on High Arctic coastal ecosystems and 

the effect on seasonal breeding populations of marine and terrestrial animals. 

 

Symposium 8 – Prey-mediated effects of environmental change on seabirds 
October 7 12:00 – 14:00 UTC 

October 7 14:15 – 16:15 UTC 

Fewer, faster, leaner: a seabird's-eye view of chasing fish in a warming ocean; mechanisms from cell 

membranes to body-size selection 

Tony Diamond¹ 

¹University of New Brunswick 

Recent changes in our long-term study site (25 yrs) in the Bay of Fundy/Gulf of Maine have drawn us to 

examine the variety of mechanisms that might be affecting the alcids breeding there, given recent 

exceptionally rapid ocean warming and associated changes in diet. Seabirds are endotherms so manage 

their own temperature internally; but their prey are ectotherms whose physiology responds directly to 

changes in the marine environment. I consider some consequences of this 'metabolic asymmetry' on the 

availability of fish to seabird predators. Fish metabolic rate rises with water temperature, so more 

energy is needed for metabolism leaving less for growth; yet their ability to secure oxygen declines both 

because of haemoglobin's reduced affinity to bind oxygen in warmer water, and because warmer water 

holds less oxygen. The 'burst speed' of fish also increases with temperature, so fish prey are not only 

fewer (from reduced survival) and smaller (from slower growth) but harder to catch. It is to this 

increasing mismatch of predator and prey that the dearth of pursuit-diving seabirds in tropical oceans 

has been attributed. Changes lower in the food-chain add to these challenges for marine birds. In many 

phytoplankton communities, diatoms tend to be replaced by dinoflagellates; diatoms are the major 

source of 'essential' (unsaturated) fatty acids (UFAs) in marine ecosystems, which therefore become 

depleted. UFAs are important in maintaining flexibility in cell membranes, allowing cells to adjust to low 

temperatures, and therefore predominate in cold-water fish; warm-water fish have no need to maintain 



64 
 

cell structure at low temperatures and contain less lipid, in which saturated fatty acids predominate. 

Fish prey available to seabirds as the ocean warms are likely to be fewer, smaller, faster, and less 

nutritious ('junk food') than those currently available to seabirds in boreal and arctic waters. 

Temperature-mediated increase in Atlantic butterfish (Peprilus triacanthus) in the diet of common 

terns (Sterna hirundo) nesting in the Gulf of Maine 

Elizabeth Craig¹, Olivia Smith¹ 

¹University of New Hampshire 

The diet of nesting seabirds is constrained by aspects of their foraging behavior, physical morphology, 

and reproductive biology, which limit the size and shape of prey fish consumed, the water depth fished, 

and the foraging distance traveled relative to the breeding colony. Seabirds are therefore highly 

sensitive to changes in the abundance, distribution, and phenology of prey during the breeding season. 

This study explored the diet of common terns (Sterna hirundo) nesting on an island in the Gulf of Maine, 

NH, USA. This marine region is warming faster than 99% of the world's oceans making it an ideal location 

to track climate-mediated changes in seabird diet. From 1999-2018, chick provisioning observations 

(N=8,546 observations over 20 years) were collected by recording the prey that adult terns fed to their 

chicks at the nest. A significant linear increase in average summer water temperature was measured 

over this period (p<0.01; R2=0.54). The relative proportion of Atlantic butterfish (Peprilus triacanthus), a 

warmer-water fish than the other major prey species in the tern's diet, increased significantly from the 

first decade of this study (1999-2008; 2.3 ± 2.0%) to the second (2009-2018; 8.2 ± 7.8%; p<0.05). We 

also observed a significant correlation between average water temperature and butterfish abundance in 

tern diet across the study period (p<0.05, R2=0.34). Despite making up as much as 24% of the 

provisioned prey in a given year, butterfish were found to contribute very little energetically to the diet; 

chicks successfully swallowed only 16% of the butterfish presented to them due to the deep-bodied 

morphology of this fish. Given the general unsuitability of this prey species, we hypothesize that an 

increase in relative proportion of butterfish in the diet is detrimental to the population. The evidence of 

only limited adaptation to this climate-mediated shift in forage fish puts this species at particular risk in 

the face of current and forecasted increases in water temperature in this region. 

Does climate change also affect survival of tropical and subtropical species? Predictions from 

populations of Bulwer's petrel across the Atlantic Ocean 

Marta Cruz Flores¹, Roger Pradel², Joël Bried³, Teresa Militão¹, Laura Zango¹, Verónica Neves³, Jacob 

González-Solís¹, Raül Ramos¹ 

¹University of Barcelona, ²Centre of Evolutionary and Functional Ecology, ³Universidade dos Açores; 

Okeanos Center, MARE, IMAR and LARSyS associated lab 

Effects of climate change have been repeatedly proved to impact the demography of marine top 

predators. However, such evidence often focuses solely on single populations of highly distributed 

species and, very often, these species are from polar and subpolar environments. Here, we evaluate the 

influence of the environment during the breeding and non-breeding seasons on the survival of a species 

with a wide latitudinal distribution, the Bulwer’s petrel (Bulweria bulwerii). For this, we used capture-

mark-recapture data of three populations of Bulwer’s petrel in the Atlantic Ocean from the edge of the 

temperate zone to the tropical zone, to determine how the environment (North Atlantic Oscillation, 

South Oscillation Index, Sea Surface Temperature [SST], and wind speed) influenced their survival. 

Additionally, we also evaluated how Bulwer’s petrel survival might be affected under different climate 
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change scenarios using four greenhouse gas concentration trajectories adopted by the 

Intergovernmental Panel on Climate Change. SST estimated for the breeding area and season was the 

most influential variable on adult survival, showing negative relationships for the three populations 

most likely derived from indirect trophic web interactions. These relationships showed that, under 

different greenhouse gas concentration trajectories, Bulwer’s petrel survival would be reduced 

dramatically. This study highlights the devastating impact that climate change can also have on tropical 

to temperate top predators, and the importance of considering the widest possible range of the 

distribution of a species when evaluating climate change impacts. 

Status of colonies and factors determining the development of Common (Uria aalge) and Brünnuch's 

(U. lomvia) guillemot's populations on Murman coast southwestern part of the Barents Sea 

Alexey Ezhov¹, Yuri Krasnov¹, Natalia Nikolaeva² 

¹Murmansk Marine Biological Institute KSC RAS, ²Lomonosov Moscow State University 

Against a general pattern of guillemot's reduction in colonies along Murman coast (Russia, southwestern 

part of the Barents Sea) large-scale fluctuations in their number were observed. In 2000-2018 in four 

colonies the number of Common and Brunnich's guillemots has decreased by 66% and 81% respectively 

with maximum drop in numbers of both species was recorded in one of them, by 71 and 

90%respectively. It was established that the number of Common and Brunnich's guillemots in Murman 

colonies largely depends on availability and size of capelin spawning stocks in winter and spring. Capelin 

spawning and feeding areas do not remain constant and vary from year to year depending on the 

Barents Sea water masses temperature. Positive anomalies in water temperature contribute to more 

powerful capelin accumulations occur and rapidly increase in its abundance in the southern regions of 

the Barents Sea and off the Kola Peninsula coast. In these years favorable feeding conditions for seabirds 

may exist in pre-breeding period in Eastern Murman area. Spawning stocks of capelin move eastward in 

warm years resulted in trophic conditions in the western regions, and possibly along the Murman coast 

may deteriorate. In such years comparing to years with normal temperature conditions, a restricted 

capelin stock can be distributed over a wider water area. Evaluating trophic conditions for the 

guillemots, the impact of the fishing fleet which regularly reduces capelin stocks must be considered. 

Their restoring occurs with the advent of high-yielding generations, caused a subsequent fishing 

recovery. Combination of restricted recruitment and intensive fishing can significantly destroy 

guillemots' food supply in the southwestern part of the Barents Sea. The degradation of guillemot's 

colonies is due to impact of a complex of factors, including abundance and availability of capelin stocks, 

capture level and temperature regime of water masses determining distribution of capelin in coastal 

waters. 

Modelling the impact of changes in the North-East Atlantic food web on the energy content of a key 

seabird prey 

Agnes Olin¹, Neil Banas², Peter Wright³, Michael Heath², Ruedi Nager⁴ 

¹Stockholm University, ²University of Strathclyde, ³Marine Scotland Science, ⁴University of Glasgow 

The most devastating impact of climate change on seabirds will likely act through temperature-driven 

changes in the quality, abundance and timing of their prey. In the North-East Atlantic, declines in the 

abundance and energy content of the lesser sandeel Ammodytes marinus are thought to be behind the 

low breeding success and declining colony sizes of many of the seabird species that rely on sandeels as 

prey throughout the breeding season. A thorough understanding of the impact of temperature and 
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other environmental drivers on sandeel dynamics is thus key for predicting the impact of climate change 

on sandeel-eating seabirds. Here, we use a dynamic energy budget model of the lesser sandeel to 

improve our understanding of environmental drivers of spatio-temporal variation in sandeel growth 

conditions, and how this results in knock-on effects on the energy available to seabirds during the 

breeding season. We find that variation in the sandeel prey field is the key driver of variation in sandeel 

growth rates, and that ongoing temperature-driven changes in zooplankton community composition 

may result in further declines in sandeel size. This is likely to result in further declines in available energy 

for sandeel-reliant seabirds, with knock-on effects on seabird breeding success, unless sufficient 

alternative prey becomes available. 

Responses of multiple seabird species to environmentally-driven changes in prey biomass and 

phenology in coastal Newfoundland, Canada 

Gail Davoren¹, Paloma Carvalho¹, Julia Gulka¹, Edward Jenkins¹, Lauren Lescure¹, Laurie Maynard¹ 

¹University of Manitoba 

Forage species lie at the core of marine food webs, providing essential linkages for energy transfer 

among trophic levels. Capelin (Mallotus villosus), the focal forage fish on the Newfoundland Shelf, 

suffered a population collapse in the early 1990s, associated with an anomalous cold-water event. 

Although oceanographic conditions have returned to pre-perturbation levels, the population has yet to 

recover, primarily due to bottom-up processes related to seasonal sea ice dynamics. Despite the 

collapse, capelin continue to act as a pulsed resource when they migrate from offshore to inshore 

spawning sites, providing locally abundant prey aggregations within foraging ranges of coastal seabird 

colonies. Over the past decade (2009-2020), we investigated the responses of multiple seabird species 

to intra- and inter-annual variation in capelin availability. To do this, we monitored oceanographic 

conditions along with the timing of inshore capelin arrival and biomass by conducting weekly ship-based 

hydroacoustic surveys throughout July-August at an annually predictable multi-species hotspot 

associated with capelin spawning sites. Simultaneously, we integrated seabird foraging behaviour 

derived from bird-borne data logging devices and at-sea experiments with estimates of stable isotopic 

niche and breeding success. Capelin biomass and shoal characteristics changed dramatically with the 

inshore arrival of capelin each summer, resulting in altered seabird community composition and species 

interactions along with isotopic niche shifts and lowered foraging effort of breeding seabirds (e.g., 

murres, razorbills, gulls). High inter-annual variation in the timing of inshore capelin arrival and biomass, 

associated with cooler water during gonadal development in the spring, resulted in isotopic niche shifts, 

higher foraging effort and lowered breeding success of multiple seabird species. Although findings 

reveal high seabird foraging plasticity, environmental-driven variation in capelin biomass and phenology 

may lead to a temporal mismatch between high capelin availability and chick-rearing, resulting in prey 

switching, higher foraging/provisioning effort, lower breeding success and altered species interactions. 

The influence of prey biomass on the diving behavior of Cassin's auklets during a decade of variable 

reproductive success 

Nina Karnovsky1, Pete Warzybok2, Meredith Elliott2, Andre Cavalcanti1, Clare Flynn1, Jaime Jahncke2 
1Pomona College, 2Point Blue Conservation Science 

The timing and strength of upwelling in the California Current System influences the levels of 

zooplankton available to planktivores. The purpose of this study was to understand how inter-annual 

variations in krill levels influence the diving behavior of provisioning Cassin's auklets (Ptychoramphus 
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aleuticus) breeding on Southeast Farallon Island. We hypothesized that in years with lower krill biomass, 

the birds work harder to collect zooplankton for themselves and for their chicks. We predicted that in 

years with high levels of krill, Cassin's auklets would make longer dives collecting abundant prey. We 

predicted that the shape of dives in years with more krill would be more U-shaped, with more time 

spent in the bottom portion of the dives (the feeding portion). We predicted that in low krill years 

Cassin's auklets would make more dives during diving bouts and more dives during foraging trips. From 

2008 to 2017, we caught and affixed Time Depth Recorders (TDRs) to 133 Cassin's auklets for a total of 

384 foraging trips during which they made a total of 107,552 dives. We measured krill biomass 

acoustically during oceanographic cruises carried out in the foraging area of the Cassin's auklets. We 

found that krill biomass from 2004 - 2017 explained much of the variation in Cassin's auklet productivity. 

In terms of diving effort, in years with a higher level of krill biomass, Cassin's auklets made longer dives 

and spent more time at the bottom of their dives. As predicted, Cassin's auklets made more dives during 

foraging trips in years with lower krill levels, however, we found that the number of dives in dive bouts 

was low during both very low and very high krill years. Our study reveals how diving behavior shifts 

under diverse foraging conditions and provides insight into the factors that affect reproductive success. 

Spatial and temporal Bayesian approaches to predict future seabird-prey overlap and population 

change 

Beth Scott¹, Neda Trifonova¹, Dinara Sadydova², Alexander Sadykov³, Michela De Dominicis⁴, Sarah 

Walkin⁴, Judith Wolf⁴ 

¹University of Aberdeen, ²University of Queen's Belfast, ³University of Queen's Belfast, ⁴National 

Oceanographic Centre 

The marine environment is changing rapidly due to climate change and increasing anthropogenic 

activities. Understanding how the usage of spatial habitat by seabirds and their prey species may change 

with both of these pressures is essential for the predictions of population trends and current decision 

making on sustainable spatial management. Where both predator and prey species are highly mobile, it 

is important to predict how well their preferred habitats continue to overlap in future scenarios. The 

diversity of individually preferred habitat variables and drivers of those habitats may all be changing 

quite differently under the different pressures of climate change and anthropogenic activities. To predict 

future seabird-prey spatial habitat overlap we will present two synergistic approaches. The first is a 

spatial statistical Bayesian hierarchical approach called Joint Modelling with INLA (integrated Nested 

Laplace Approximation). Joint Modelling, as compared to typical single-species spatial distribution 

modelling, allows both predator and prey as a response variable, creating an output called a 'common 

spatial trend' that allows quantification of overlap in future predator-prey distributions using a 'business 

as usual' climate model for 2050. The degree of change within common spatial trends is presented 

between contrasting seabirds: common guillemot, black-legged kittiwake, northern gannet and two prey 

species: herring, sandeels. The second is a time series approach using a Bayesian Network Ecosystem 

Model with a range of species across all trophic levels from 1990-2014. Within both approaches, we 

have used the same six important bio/physical variables (2 types of primary production, stratification, 

temperature, vertical and horizontal speed). The outcomes presented include the startlingly amount of 

change in common spatial trend predicted in just 30 years and the degree to which bottom-up forces 

are predicted as the drivers for population change. 

Intraspecific resource partitioning during the non-breeding period. 

Alexis Will¹, Kjell Einar Erikstad², Sigurd Benjaminsen¹, Tone Reiersten³, Manuel Ballesteros³, Alexander 
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Kitaysky¹ 

¹University of Alaska Fairbanks, ²Norwegian Institute for Nature and Research, ³Norwegian Institute for 

Nature Research 

Contrary to the prediction of classical ecological theory, breeding common (Uria aalge) and thick-billed 

(U. lomvia) murres partition resources, by prey type and location, during times of energy constraint, e.g. 

food shortages and chick-rearing. It is not known whether resource partitioning occurs intra-specifically 

and during the non-breeding season, and if, unlike the breeding season, partitioning follows ecological 

theory occurring only when food is abundant. Common murres breeding on Hornøya, Norway, occur in 

two ecologically distinct morphs: bridled and unbridled, providing a unique opportunity to examine 

patterns of intraspecific resource partitioning. We deployed tags in 2014-2017 to record overwinter 

location and dive behavior, and we collected breast (grown in October) and throat (grown in January) 

feathers upon tag recapture for diet (carbon and nitrogen stable isotopes) and nutritional stress 

(corticosterone concentration) analyses. Preliminary results indicate that birds experienced differential 

nutritional stress across years and between seasons. In the fall, birds demonstrated resource 

partitioning during low food availability; when birds were relatively nutritionally stressed both isotopic 

niche area and degree of overlap decreased. No such relationship was observed in the winter. Diets are 

more similar in the winter, the isotopic area covered by all morphs/sexes is smaller than in the fall in all 

years, suggesting reduced prey diversity. We will investigate whether birds are behaviorally partitioning 

resources in vertical or horizontal space during this period. Finally, we will use environmental 

parameters (North Atlantic Oscillation index and Influx of Atlantic water) to provide context for our 

discussion of whether, how, and under what environmental conditions intraspecific resource 

partitioning occurs during the non-breeding season. 

 

Symposium 9 – Maintaining ecosystem services by seabirds – role of local and indigenous 

communities and cultures 
October 7 12:00 – 14:00 UTC 

Transitions in seabird ecosystem services in Greenland/Kalaallit Nunaat 

Anders Mosbech¹, Flemming Merkel², David Boertmann¹, Aili Labansen³, Kasper Johansen¹, Morten 

Frederiksen¹, Jannie Linnebjerg¹, Janne Flora¹ 

¹Aarhus University, ²Greenland Institute of Natural Resourses, ³Greenland Institute of Natural Resources 

Greenland/Kalaallit Nunaat has a rich and diverse seabird fauna, which through millennia has provided 

meat, eggs, skins and down as well as cultural services to the local inhabitants. Modernisation came late 

to Greenland. Today Greenland is a modern economy dominated by industrial fishing, but a subsistence 

economy based on hunting and fishing remains important, especially outside larger cities. Marine 

mammals and to a lesser extent seabirds are still a part of the menu for most Greenlanders. For many, 

the local food and the act of procuring the food are part of a deep feeling of connectedness to the 

Greenland nature and form a cultural cornerstone. Lately focus has also been on important health 

aspects of local food. However, modern hunting has had a severe influence on seabird colonies. Speed 

and range of hunting dinghies have increased so that most areas can be reached from settlements in a 

few hours, and the use of shotguns has increased the level of disturbance. In this presentation, we 

examine how hunting technology changed, the pressure on seabird population increased, and 



69 
 

protection measures were introduced. Protection came late, and while some protection measures have 

worked, like the ban on spring hunting of eiders, others, like the regulation of the thick-billed murre 

hunt, have not stopped the colony declines. One problem is that the harvest regulation system has a low 

credibility among hunters. To improve this situation, the authorities are exploring new ways of involving 

hunters in the harvest management. Today, the challenge is not only sustainable hunting. Co-existence 

between professional hunting, recreational hunting, nature tourism and the growing interest in 

birdwatching is challenging, and at the same time climate change impacts the seabirds in rather 

unpredictable ways. 

Under the flyway: The co-creation of accommodating fields for the Barnacle Goose in Eastern Finland 

Juha Hiedanpää¹ 

¹Natural Resources Institute Finland (Luke) 

Barnacle goose (Branta leucopsis) is strictly protected by Finnish national and EU legislation. The 

protection has succeeded. The size of the Russia/Germany & Netherland population has increased from 

some 20 000 individuals to 1.3-1.4 million individuals in forty years. 500 000-800 000 individuals of this 

population migrate through Finland back and forth to breeding grounds in the arctic Russia. The 

agricultural area in SE Finland is the last stop-over area for geese before the breeding areas. This causes 

major damage to agriculture and crops and frustration amongst farmers. The compensation reimbursed 

for farmers has dramatically increased in ten years, being 3 000 000?I n 2020. In our project, we have 

co-designed and tested the accommodation fields for geese. In these fields, wildfowl can forage and rest 

without disturbance. The purpose of our transdisciplinary research has been to alleviate the conflict 

between wild birds and humans by: (i) identifying from the damage compensation decisions the 

preferred locations and nourishment of the migrating geese, (ii) identifying the attitudes of the SE 

Finnish farmers towards the goose and their preparedness to act in mitigating the harm, (iii) locating 

sufficiently large continuous areas where the human and the goose preferences match up, and (iv) 

arranging negotiations between the farmers and administrators to select and agree on the 

accommodation fields and the neighbouring crop and grass fields from where the goose should be 

expelled by volunteers to the accommodation fields, (v) designing experiments on the non-lethal expel 

methods used in the crop and grass fields, and (vi) assessing the general functioning and acceptability of 

the accommodation fields. In my presentation, I will explicate our initial findings and situate them in the 

context of ecosystem services, especially those of cultural ecosystem services. 

Contributions of Canadian Inuit to seabird conservation in Arctic Canada 

Grant Gilchrist1, Bonnie Taparti1, Dominique Henri1, Mark Mallory2, Paul Smith1 

1Government of Canada, 2Acadia University 

The Canadian Arctic supports globally significant populations of seabirds. However, the extreme 

remoteness of the region combined with the high financial costs, logistical challenges, and safety 

hazards all limit wildlife conservation efforts. In both the past and the present, there have been very few 

biologists in a position to monitor seabird ecology and population trends effectively. By contrast, there 

are 25 Inuit indigenous communities in the Nunavut Territory of Arctic Canada, and we will present how 

northern residents have contributed meaningfully to seabird studies for many decades. Inuit travel 

widely, are interested in seabirds (e.g. several species are harvested), and they are interested to link 

seabird population trends with changing environmental conditions (e.g. changing sea ice conditions). 

Here we review three case studies in which Inuit and scientists have been working together to study 
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emerging issues such as avian disease, changing predator-prey relationships, and catastrophic 

population declines that all would have been largely missed by western scientists had Inuit not detected 

and reported them. To grow these relationships further, we have recently implemented the Inuit Field 

Training Program that fosters youth involvement in environmental monitoring. We will review what we 

have learned through the delivery of this ongoing training program, and emphasize the importance of 

having it co-delivered by northerners and scientists through community-based steering committees. 

Cultural aspects of traditional egg harvest on Icelandic seabird cliffs 

Aevar Petersen¹ 

¹Independent researcher 

Seabirds have been utilized in Iceland since settlement around 1200 years ago, as shown by 

archaeological excavations and historical literature; harvesting of eggs at seabird cliffs is one aspect. The 

traditional technique is descending cliffs in a rope. Some changes have taken place in recent decades, 

e.g. use of vehicles. Egging is undertaken by local people, often helped by friends and family from 

elsewhere. An important annual event for many, some have participated for decades. Many harvesters 

have an intimate knowledge of their bird cliff, the birds, distribution on cliff-face, numbers of eggs 

expected on each shelf, etc. Many cliff features have names, used for generations. Cliffs often bear 

name of farm, to which they belong. An on-going study looks at species and egg numbers harvested, 

based on information from harvesters, extending to 74 cliffs. The survey shows which cliffs are still 

harvested, which are most important, and which species. Historical data are assembled from written 

sources. In 1994 hunting statistics was introduced, but eggs exempted. No overview is available on the 

extent of the egg harvest. Iceland has 25 breeding seabird species. Legislation allows egging of 17, of 

which 12 species breed on cliffs. Five are important for egging, Fulmar, Kittiwake, Razorbill, Common 

Guillemot, and Brünnich´s Guillemot. Seabird cliffs are in private, local government or state ownership. 

Owners decide if eggs are harvested or not. Some cliffs are leased for egging, some have "commons", 

where anybody is allowed access. Licence is needed for harvesting, but no quotas, time-limits or other 

legislative provisions. Harvesters generally agree with this system, but effect of egging has never been 

evaluated. Harvested eggs are mostly used locally, either by harvesters´ household, donated to family 

and friends, to charities, or sold, mainly locally but eggs reach some shops in the capital. Overall, egging 

is a declining practice in Iceland. 

 

Symposium 10 – The ecology of host-parasite interactions in seabirds: Combining 

approaches to understand eco-epidemiological dynamics and inform conservation 

decisions 
October 7 12:00 – 14:00 UTC 

Substantial viral diversity in Antarctic penguins and their ticks: no evidence for low pathogen pressure 

Michelle Wille¹, Michelle Wille², Mang Shi², Daniel Gonzalez-Acuna³, Edward Holmes², Aeron Hurt¹ 

¹WHO Collaborating Centre for Reference and Research on Influenza, ²Marie Bashir Institute for 

Infectious Diseases, University of Sydney, ³Universidad de Concepcion, Facultad de Ciencias Veterinarias 

Despite its isolation and extreme climate, Antarctica is home to a diversity of fauna and associated 

microorganisms, including viruses, parasites, and even antimicrobial-resistant bacteria. It has previously 
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been proposed that perhaps the most iconic Antarctic animal, the penguin, experiences low pathogen 

pressure, accounting for their susceptibility to disease when exposed to foreign environments. Climate-

driven and anthropogenically assisted virus emergence in Antarctica is therefore of considerable 

concern. At present, however, there is little understanding of the diversity and abundance of viruses 

currently found in Antarctica, the ecological factors that shape this diversity, nor how it relates to that 

seen in other geographic regions. As a means to test the hypothesis of low pathogen pressure, we 

determined the viromes of three species of penguins and their ticks sampled on the Antarctic peninsula: 

Adélie penguins (Pygoscelis adeliae), Chinstrap penguins (Pygoscelis antarctica) and Gentoo penguins 

(Pygoscelis papua) and the seabird tick (Ixodes uriae). Using total RNA-Sequencing (meta-

transcriptomics) we identified 107 viral species, comprising penguin viruses (n=18), penguin diet and 

microbiome associated viruses (n=82), tick viruses (n=4) and tick transmitted arboviruses (n=2), with 

Adélie and Chinstrap penguins harbouring more virome diversity than Gentoo penguins. Strikingly, the 

level of virome diversity revealed in penguins is comparable to that see in Australian shorebirds and 

ducks, including the detection of many of the same viral families, and rejects the notion that penguins 

are subject to lower pathogen pressure. Furthermore, through the detection of previously detected 

viruses in penguins (Influenza A virus and Avian Avulavirus 17) we suggest that Antarctic penguins are 

not only spill-over hosts, but key reservoir hosts for viruses, including a number of arthropod-borne 

viruses (Gavier and Fennes virus). We suggest that additional sampling and continued improvement of 

sampling strategies will reveal an increasing diversity of viruses in Antarctic wildlife. 

Campylobacter epidemiology reveals humans as a source of zoonotic bacteria in the Southern Ocean 

Marta Cerdà-Cuéllar¹, Teresa Ayats¹, Eugènia Agustí¹, Irene Ribes¹, Amandine Gamble², Thierry Boulinier³, 

Peter Ryan⁴, Richard Phillips⁵, Hans-Urlich Peter⁶, Sébastien Descamps⁷, Jacob González-Solís⁸ 

¹Research Center on Animal Health (CReSA-IRTA), IRTA, ²University of California Los Angeles, ³Centre 

d’Ecologie Fonctionnelle et Evolutive, Université Montpellier, ⁴FitzPatrick Institute of African Ornithology, 

University of Cape Town, ⁵British Antarctic 

The increase of human presence in Antarctica and Subantarctic islands in the last few decades has 

increased the likelihood of introductions of zoonotic bacteria, such as thermophilic Campylobacter spp. 

into this remote region. Predatory and scavenging seabirds, such as skuas (Stercorarius spp.) and giant 

petrels (Macronectes spp.), perform large foraging and migratory movements, and are the most likely 

spreaders of these pathogens. In addition, livestock are, or were widespread on some islands in, or 

north of the Subantarctic, including the Falkland Islands (still with sizeable human settlements) and 

Amsterdam Island, creating a distinct risk of spillover to wildlife. Our recent studies on Salmonella and 

Campylobacter epidemiology suggest reverse zoonoses in Antarctica and The Subantarctic. To 

determine the extent of the introductions, we extended our genetic diversity and population structure 

studies of C. lari and C. jejuni isolates to a larger geographical range of Subantarctic islands (Falkland, 

Gough, Crozet, Amsterdam and Kerguelen Islands), Antarctica (Svarthamaren, King George and Adelaide 

Islands) and the South African coast. Using pulsed-field gel electrophoresis and multi-locus sequence 

typing, we uncovered high genetic diversity with most genotypes representing new sequence types (ST) 

in the C. lari population. Some STs were shared among different seabird species and islands, suggesting 

connectivity among localities and species. In addition, the clonal complexes (CC) CC-45, CC-21 and CC-

206 associated with domestic animals and human infections were commonly detected in C. jejuni 

isolates, suggesting spill-over from human origin to Antarctic and Subantarctic seabirds. By comparison, 

most C. jejuni STs from South African seabirds belonged to CC-1275, which is mainly associated with 
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aquatic environments and wild birds. However, no shared STs were found among South African and 

Southern Ocean isolates. Thus, our results suggest some strains of Campylobacter found in Antarctic and 

Subantarctic seabirds were acquired from domestic animals and human infections and have spread 

across the Southern Ocean. 

Interactions of parasites and microplastics of seabirds from the western Aleutian Islands, AK 

Kate Sheehan¹, Ryan Hechinger², Douglas Causey³ 

¹Frostburg State University, ²University of California, San Diego, ³University of Alaska, Anchorage 

While foraging, seabirds can consume food items that transmit parasitic worms and plastic particles. 

Here, we document the prevalence, abundance, and interactions of plastics and parasites within the 

digestive tracts of Pacific seabirds collected from the western Aleutian archipelago in Alaska USA. We 

also present a model that that predicts the likelihood and frequency of plastic consumption based on 

the trophic level of a seabird and whether it, or its prey, are infected by parasites. We document a 

negative association between parasite prevalence and richness with microplastic prevalence. The agents 

driving the trends reported here have not been empirically tested; however, we found that seabird 

species that more commonly consumed plastic were also likely to have high concentrations of plastic 

compounds (phthalates) in their tissues. The trends in parasite assemblages and plastic consumption 

could also be related to trophic position of a seabird: higher order predators tended to have fewer 

microplastic particles, lower phthalate, and a higher infection rates of parasites. Our models using 

planktivorous seabirds suggest that when there is a preference for one type of food item (nurdles, prey 

that have consumed microplastics, or parasitized prey), scenarios where parasitic infections in pelagic 

food webs can actually reduce the frequency of microplastic consumption by seabirds. This research 

highlights prospects for further research on seabirds as predators, hosts to parasites, and consumers of 

plastic pollution. 

Using serology to infer eco-epidemiological processes in seabird communities 

Amandine Gamble¹, Romain Garnier², Thierry Boulinier³ 

¹University of California Los Angeles, ²Georgetown University, ³Centre d'Ecologie Fonctionnelle et 

Evolutive, CNRS 

Despite the increasingly recognized impact of infectious diseases on seabird populations and the 

potential interest of seabird-parasites systems to gain insights on ecological and evolutionary processes, 

field investigations of epidemiological dynamics have been hampered by the difficulty of collecting data 

allowing the efficient inference of underlying processes. Serology (i.e., detection of antibodies in serum 

samples) is a useful tool to detect past exposure to specific infectious agents. However, interpreting 

serological data is not straightforward: the prevalence of seropositive individuals in a population is 

driven by a combination of epidemiological (e.g., disease incidence) and demographic (e.g., population 

turnover) dynamics. In this context, the objective of this talk is to show how these challenges can be 

overcome to efficiently infer eco-epidemiological processes from serological data in seabird populations. 

First, we present the pros and cons of two approaches classically used to estimate epidemiological 

parameters from field serological data: cross-sectional setups involving unmarked individuals, and 

longitudinal capture-mark-recapture studies. Then, inspired by recent method developments in 

quantitative ecology, we introduce a way to integrate them together in future studies. Finally, using 

avian cholera epizootics in albatrosses on an isolated island as a case study, we illustrate the benefits of 

combining serology with other data types to better characterize the processes underlying 
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epidemiological dynamics in seabird communities. Overall, we argue that, when collected using adapted 

study designs and analysed using state-of-the-art statistical tools, serological data have the potential to 

bring valuable insights on epidemiological dynamics in seabird communities, with both basic science 

implications and applied conservation value. 

 

Symposium 11 – Sea-ice and seabirds: An amphipolar perspective of the impacts on 

foraging and demography 
October 7 14:15 – 16:15 UTC 

Sea ice loss and planktivorous migratory Arctic seabirds: challenge or opportunity? 

Alexis Will¹, Jean-Baptiste Thiebot², Akinori Takahashi², Elena Golubova³, Alexei Pinchuk¹, Alexander 

Kitaysky¹ 

¹University of Alaska Fairbanks, ²National Institute of Polar Research, ³Russian Academy of Sciences 

The shelf ecosystems of the Pacific Arctic support millions of migratory seabirds during the summer and 

fall. Sea ice loss may pose a nutritional challenge to planktivorous seabirds that rely on lipid-rich 

zooplankton during reproduction. Conversely, delayed sea ice formation in the fall may provide access 

to ice-free habitat and improve post-breeding foraging conditions. We investigated the response of 

planktivorous auklets (crested, Aethia cristatella and least, A. pusilla) to variable winter sea ice 

conditions in 2015-2019. First, we examined whether auklet's exposure to nutritional stress during the 

breeding season is associated with their diet composition and reproductive performance on St. 

Lawrence Is., Alaska. In the summers of 2018 and 2019, after historic low winter sea ice formation, both 

crested and least auklet adults experienced severe food shortages, indicated by high concentrations of 

corticosterone in blood and feather tissues. Ongoing analysis of diets and isotopic niches will elucidate 

whether these responses were widely spread and accompanied by drastic changes in prey. Second, we 

used geolocators to track individuals during the post-breeding period of 2016-2017 (relatively early sea 

ice formation) and 2017-2018 (late sea ice formation) and found that the timing of sea ice formation in 

the fall did not determine when auklets departed the Arctic; departure was consistent across years and 

likely linked to disappearance of prey. In all years, feather corticosterone levels were higher during late 

winter than during the summer, and molecular damage (as reflected in telomere loss) accrued by 

crested auklets was higher during winters with historic low sea ice formation. Higher levels of nutritional 

stress and accrued molecular damage on the breeding and wintering grounds suggest that sea ice loss is 

currently a threat rather than an opportunity to migratory planktivores in the Pacific Arctic. 

Comparing foraging success of thick-billed murres (Uria lomvia) from two colonies in the Canadian 

Arctic in response to environmental conditions 

Alyssa Eby¹, Allison Patterson², Graham Sorenson¹, Thomas Lazarus², Kyle Elliott², H. Grant Gilchrist³, 

Oliver Love¹ 

¹University of Windsor, ²McGill University, ³Environment and Climate Change Canada 

Overall, sea ice extent is declining in Arctic systems. However, variability in inter-annual sea ice extent is 

increasing. Sea ice dynamics greatly influence trophic dynamics in marine systems, where changes in sea 

ice extent and timing of ice melt can affect the abundance and distribution of fish and invertebrate 

species. Higher trophic level Arctic breeding species, such as thick-billed murres (Uria lomvia), could be 

negatively affected by changes in sea ice extent via impacts on foraging behaviour, resulting in greater 
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foraging effort in low ice years. Colony size has also been shown to influence foraging behaviour, where 

individuals at larger colonies must forage at greater distances as resources surrounding the colony are 

depleted at a faster rate (Storer-Ashmole's halo hypothesis). As such, the impacts of ice extent on 

foraging effort are likely to have colony-specific impacts on the energetic profitability of foraging and 

therefore breeding success. To quantify the impact of changing environmental conditions on the 

foraging behaviour and payoffs of murres at different sized colonies we deployed GPS units and GPS 

accelerometers at two colonies in the low Arctic, Coats Island, Nunavut (30 000 breeding pairs; sampled 

in 2018, and 2019) and Digges Island, Nunavut (400 000 breeding pairs; sampled in 2014, 2015, and 

2016). We measured sea ice extent throughout the breeding period and collected blood samples before 

and after GPS deployments to measure energetic hormones (corticosterone) and energetic metabolites 

(non-esterified fatty acids, beta-hydroxybutyrate, and triglycerides) as proxies for foraging success of 

trips. Quantifying the complex impacts of the interaction between colony size and ice extent on foraging 

success and foraging flexibility will give us predictive insight into which breeding colonies may have a 

greater capacity of withstanding Arctic climate change. 

The influence of sea ice movement on Adelie penguins migration in the Ross Sea region 

Dennis Jongsomjit¹, Annie Schmidt², Amélie Lescroel², Simeon Lisovski³, Megan Elrod², Katie Dugger⁴, 

Virginia Morandini⁴, Jean Pennycook⁵, David Ainley⁵, Grant Ballard² 

¹Point Blue Conservation Science/San Francisco State University, ²Point Blue Conservation Science, ³Alfred 

Wegener Institute Helmholtz Center for Polar and Marine Research, ⁴Oregon Cooperative Fish and 

Wildlife Research Unit, Department of Fisheries and W 

Sea ice extent and concentration have declined dramatically in the Arctic and parts of the Antarctic since 

satellite monitoring began in 1979 but have generally increased in the Ross Sea Region of Antarctica. 

Adélie penguins (Pygoscelis adeliae) breeding on Ross Island are known to make extensive migrations to 

and from their wintering areas, with some round trips extending beyond 15,000 km. Most of these 

travels keep them well within the area covered by sea ice, and to some extent within the boundaries of 

the Ross Sea Region Marine Protected Area (RSRMPA). Adélie penguins are thought to be sensitive to 

changes in sea ice and to potentially use the movement of sea ice to aid them in their migration. 

However, the degree to which the ice facilitates or impedes their movement and how this might vary 

between years, colonies, or individuals remains little understood. Using geolocating dive recorders 

deployed on 239 known-age penguins over three years (2017-2019) at two colonies and a metric of ice 

assistance, we show that individuals travel greater distances when aligning with the ice flow. We discuss 

evidence of dependence between Adélie penguin migration patterns and sea ice movement in the 

context of variability in ocean circulation and the large-scale movement of sea-ice within the RSRMPA. 

How sea ice processes and climate fluctuations affect the demography an Arctic diving seabird? 

Pierre-Loup Jan¹, Christophe Barbraud¹, Stéphanie Jenouvrier², George Divoky³ 

¹French National Centre for Scientific Research, ²Woods Hole Oceanographic Institution, ³Friends of 

Cooper Island 

Mandt's Black Guillemot (Cepphus grylle mandtii) is one of the few Arctic seabirds dependent on sea ice 

and associated waters throughout the year. This species has undergone a long-term decline since the 

early 1990s, coinciding with a shift in the Arctic Oscillation causing increased atmospheric temperatures 

and sea ice melt throughout the Arctic. The largest breeding colony of the species in the Beaufort Sea, at 

Cooper Island, has been monitored annually since 1975. At its most prolific time, in 1987, the colony 
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supported 209 breeding pairs, while in 2019 only 80 pairs bred. Past studies showed that climatic and 

oceanographic changes are linked to the observed decline: breeding productivity of this colony has 

decreased as decreasing summer sea ice reduced prey availability to parents provisioning nestlings. 

However, a full understanding of the demographic response of the colony to the recent environmental 

changes in the region requires to study its whole population dynamic. To fulfill this aim, we are analyzing 

a 45-year database with detailed information on the breeding and survival of 5456 individuals with 

known histories. Results indicate a high sensitivity of the population growth to immigration and 

experienced breeder survival. We found a decrease in immigration to be the most important factor in 

the colony's decline, with a positive correlation between summer sea ice concentration at source 

colonies and subsequent immigration rate on Cooper Island. We are currently expanding the model to 

include environmental covariates and quantify their respective influence on the demographic 

parameters, and preliminary results already suggest that survival of black guillemots is positively 

correlated with sea ice extent in winter foraging area. Our long-term monitoring data and model provide 

one of the few biological evidence of the consequences of recent sea ice loss to Arctic bird populations 

and Artic biota in general. 

Climate mitigation halts penguin extinction due to projected sea ice loss. 

Hoilland Marika¹, David Iles², Sara Labrousse², Laura Landrum¹, Jimmy Garnier³, Hal Caswell², Henri 

Weimerskirch⁴, Michelle La Rue⁵, Rubao Ji², Christophe Barbraud⁴ 

¹NCAR, ²WHOI, ³University Savoie Mont-Blanc, ⁴CEBC/CNRS, ⁵University of Canterbury 

Emperor penguins are iconic examples of a species threatened by future climate change. Projections 

indicate that most breeding colonies will be endangered by 2100 under "business as usual" emissions 

scenarios, resulting in dramatic declines in the global population size even under optimistic dispersal 

scenarios. These declines occur through projected loss of Antarctic sea ice, to which the Emperor 

penguin life cycle is closely tied. Emperor penguins directly rely on seasonally stable sea ice as a 

breeding platform during the Antarctic winter and throughout the spring chick-rearing period. During 

the non-breeding season, sea ice serves as a platform from which they feed, molt, and seek refuge from 

predators. The Paris Agreement is a multinational initiative to combat climate change by keeping a 

global temperature increase in this century to 2C above pre-industrial levels while pursuing efforts to 

limit the increase to 1.5C. Here, we project the dynamics of all known Emperor penguin colonies under 

new climate change scenarios meeting the Paris agreement objectives using a climate--dependent--

metapopulation model. Under business--as--usual greenhouse gas emissions, large sea ice loss are 

projected by 2100. As a result, 80% of the colonies are projected to be quasi-extinct by 2100, thus the 

total abundance of Emperor penguins is projected to decline by at least 81% relative to its initial size, 

regardless of dispersal abilities. In contrast, if the Paris Agreement objectives are met, viable Emperor 

penguin refuges will exist in Antarctica because sea ice loss are projected to be much less severe. Only 

19% and 31% colonies are projected to be quasi-extinct by 2100 under the Paris 1.5 and 2 climate 

scenarios respectively. As a result, the global population is projected to decline by at least by 31% under 

Paris 1.5 and 44% under Paris 2. However, population growth rates stabilize in 2060 such that the global 

population will be only declining at 0.07% under Paris 1.5 and 0.34% under Paris 2, thereby halting the 

global population decline. Hence, global climate policy has a larger capacity to safeguard the future of 

Emperor penguins than their intrinsic dispersal abilities. 

Effects of sea-ice inter-annual variability on a sympatric Antarctic seabird community 

Christophe Barbraud¹, Charly Bost¹, Karine Delord¹, Stéphanie Jenouvrier², Akiko Kato¹, Sara Labrousse³, 
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Candice Michelot¹, Nathan Pacoureau¹, Yan Ropert-Coudert¹, Christophe Sauser¹, Henri Weimerskirch¹, 

Casey Youngflesh⁴ 

¹CEB Chizé - CNRS, ²Woods Hole Oceanographic Institution & CEB Chizé - CNRS, ³Woods Hole 

Oceanographic Institution, ⁴Stony Brook University 

Sea-ice variability affects the foraging behavior and demography of polar seabirds, and species appear to 

be differently impacted depending on the localities. However, most studies focused on single species at 

different localities, and the impact at the community level is poorly understood. Lacking are thus studies 

focusing on the effects of sea-ice variability on polar seabird communities. Here, we report and 

synthetize how the variability of sea-ice characteristics affects the foraging behavior and demography of 

a community of sympatric Antarctic seabirds breeding at Pointe Géologie, Terre Adélie, Antarctica. 

Foraging habitat selection during breeding was determined using bio-logging data and varied between 

species, with some species preferentially foraging at the marginal ice zone or the sea-ice edge (southern 

fulmar, Adélie penguin, cape petrel), while others foraged primarily within the pack-ice (snow petrel) or 

in ephemeral polynyas between the fast ice and the pack ice (emperor penguin). Species-specific 

foraging behaviors (length of forage trips, foraging efficiency, dive depth) varied between years and 

were function of sea-ice concentration, with poorer performances when the preferred foraging habitat 

was restricted or distant from breeding sites. For all species, one or several vital rates were related to 

sea-ice characteristics and some of the relationships where highly coherent with those observed 

between sea-ice variability and foraging behavior, suggesting a mechanistic link through bottom-up 

processes. Measures of breeding success were largely unsynchronized across species, probably 

reflecting the species-specific sea-ice habitats used to forage during the breeding season. Rare 

community-wide extreme sea-ice events resulted in similar responses across the community with 

catastrophic breeding success. Although long term breeding population trends varied within the 

community, species foraging at the marginal ice zone, sea-ice edge or predating on sea-ice edge 

dependent species tended to increase, whereas other species were stable. 

 

Symposium 12 – Sensory Ecology: Foraging, reproduction and conservation 
October 7 14:15 – 16:15 UTC 

October 8 00:15 – 02:15 UTC 

Sensory Ecology: implications for foraging, reproduction and conservation of seabirds 

Gabriele Nevitt¹, Greg Cunningham² 

¹University of California, Davis, ²St. John Fisher College 

Seabirds use different sensory information for foraging and reproduction. Elucidating sensory 

mechanisms has proven to be beneficial in the conservation of a variety of organisms, including other 

avian taxa, yet this broad field of research remains understudied and underappreciated among seabird 

biologists. Our presentation will provide a brief introduction to the field of sensory ecology for the non-

specialist, with an aim towards bringing together recent discoveries that might have management or 

conservation implications, particularly in foraging contexts or in restoration. 

Serenade or perfumes? How to be attractive for a potential mate 

Francesco Bonadonna¹ 

¹CNRS 
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It was a dark and stormy night when a petrel seabird crossed the light beam of my head-lamp, landed, 

and immediately found the entrance of its nest burrow. How was it possible in the compete darkness of 

a moonless night? Which sense was this bird using? The idea that chemical cues could have been behind 

that petrels' ability arose already in the seventies, but the literature around this point was controversial 

and anecdotal, probably because of the difficulties of working on these species. In 2000 I tried a first, 

very simple, experiment on blue petrels (Halobaena caerulea) in Kerguelen Islands, a French territory: 

the results made more plausible the hypothesis that these petrels use olfaction to find their burrow, 

and, over all, stimulated many additional questions. Most of my work started from there, and almost 20 

years later I realise how lucky I had been to test blue petrels and not, for instance, Mediterranean storm 

petrels (Hydrobates pelagicus); not all petrels actually use olfaction to find their burrow. However, this 

doesn't mean that these species do not use olfaction for something else. The most recent results, in fact, 

strongly suggest that apparently some petrel species may use odours to communicate important 

information used in mate choice such as Major Histocompatibility Complex (MHC) characteristics. Mate 

choice, thus, would be a very complex phenomenon starting with a classical vocal attraction of females 

by singing males. In this behavioural process, calls would broadcast physical characteristics of males, 

while scents would broadcast genetic characteristics to both sexes. 

Genetic similarity, odor cues and microbiota in blue petrels and kittiwakes 

Sarah Leclaire¹, Maxime Pineaux², Francesco Bonadonna¹ 

¹CNRS, ²University of Toulouse 

In a wide range of taxa, individuals use odor cues during mate choice to assess their genetic similarity to 

potential partners. However, in contrast to fish, lizards or mammals, the ability of birds to assess genetic 

similarity using olfactory cues has long been unexplored. We studied two seabird species: black-legged 

kittiwakes nesting on a radar tower on Middleton island, Alaska and blue petrels breeding at the Sub-

Antarctic Kerguelen islands. We focused on similarity at genes of the Major Histocompatibility Complex 

(MHC), which allelic diversity is crucial for resistance to pathogens. Using chemical analyses and 

behavioral tests, we provided the first evidence that birds can assess MHC-similarity using odor cues, 

which suggests that odor-based MHC recognition might be vertebrate-wide. Then, we investigated a 

potential mechanism by which MHC genes influence odor, i.e. by enabling the elimination of bacteria, 

MHC-molecules might influence odor indirectly by shaping the community of odor‐producing bacteria. 

We combined genetic analyses and bacterial analyses, and found that genetically-similar individuals had 

more similar feather microbiota. Our results were consistent with the hypothesis that individual MHC-

genotype shape bacteria in scent integuments in birds. Further studies are ongoing to determine 

whether these bacteria produce the MHC-related odorants. 

The effect of light pollution on initial orientation in Manx shearwaters 

Martyna Syposz¹, Ollie Padget¹, Natasha Gilles¹, Joe Wynn¹, Tim Guilford¹ 

¹University of Oxford 

Fifty-six out of 113 burrow-nesting shearwaters and petrels are reported to be affected by light 

pollution. On their first flight, they are often found to crash land in the cities and towns near their 

nesting sites; this phenomenon is termed 'grounding'. Due to their 'forward-heavy' anatomy, specially 

adapted for life at sea, these seabirds are generally unable able to take off again easily. Wind or a long 

runway can facilitate their take off, but buildings, cars and other structures can form obstacles to this. If 

a seabird is left on its own, it is vulnerable to predation by wild and domestic animals, starvation, 
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dehydration, and collision by vehicles. Annually, many rescue campaigns, volunteers and communities 

organise searches for grounded birds in order to release them back to sea - typically by the hundreds. 

Despite these efforts, the reasons for the grounding of shearwaters are not yet well understood. The 

literature offers two possible explanations for this phenomenon. The first is disorientation - which would 

result in birds going in random directions due to the influence of light. The second is misorientation, akin 

to attraction, which causes birds to orientate straight towards the light source. My research focuses how 

seabird navigation could be negatively affected by light pollution. I investigated the influences of initial 

orientation of both adult and fledgling Manx shearwaters, specifically focusing on the impact of light on 

their navigational abilities. While my results did not reveal an attraction to light per-se, I found 

influences of wind and landmarks on the preferred orientation of these birds. I discuss the implications 

of these findings for general seabird navigation, and what information we still need to understand the 

effects of light on their behaviour. 

Personality Predicts Individual Specialisation In Foraging Habitat Selection In An Arctic Seabird 

Stephanie Harris¹, Stephanie Harris², Sébastien Descamps³, Olivier Chastel⁴, Lynne Sneddon¹, Hallvard 

Strøm³, Alice Trevail⁵, Samantha Patrick⁶ 

¹University of Liverpool, ²Université du Québec à Rimouski, ³Norwegian Polar Institute, ⁴CNRS Université 

de La Rochelle, ⁵University of Exeter, ⁶University of Liverrpol 

When spatio-temporally variable resource distributions are coupled with individual foraging site fidelity, 

individual specialisation in habitat selection is predicted to arise. As such, individuals within populations 

may exhibit consistent differences in habitat preference, but little empirical research has tested this 

prediction. In addition, few studies have investigated the intrinsic drivers, including animal personality, 

of differences in habitat selection. Here, we explore whether consistent individual differences in 

behaviour, or personality, predict individual differences in habitat selection. We GPS-tracked black-

legged kittiwakes (Rissa tridactyla) breeding at four colonies in the High Arctic, where shifts in the 

marine environment are occurring at a particularly rapid rates, and measure habitat selection with 

respect to four important environmental drivers of kittiwake foraging: bathymetry, sea surface 

temperature, sea floor slope and glacial front proximity. Our results first support the existence of 

consistent individual differences in habitat preference, suggesting that individual kittiwakes are 

specialised in their habitat selection. Second, we present evidence for personality-dependent habitat 

selection, suggestive of differential reliance glacial fronts as feeding zones between bold and shy 

individuals. Our findings indicate that an individual's behavioural phenotype can shape its habitat 

selection, suggesting important implications of personality differences for seabird populations in the 

rapidly changing Arctic ecosystem. 

Apparent intra-pair coordination may arise through individual behaviour in the Manx shearwater 

(Puffinus puffinus) 

Natasha Gillies¹, Cecile Vansteenberghe¹, Martyna Syposz¹, Tim Guilford¹ 

¹University of Oxford 

Seabirds often care for their offspring in remote breeding colonies where foraging sites may be 

unpredictable and distant. As a result, their young are at risk of being left unaccompanied for extended 

periods of time during their parents' foraging trips, leaving them vulnerable to predation. One way for 

this risk to be minimised is for individuals to coordinate parental care duties with their partner. The 

degree of flexibility and coordination that pairs are capable of has been a subject of much interest, and 
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many seabirds are now known to coordinate their care. However, the mechanisms used to achieve 

coordination are largely unknown. To resolve this, we physically handicapped Manx shearwaters 

(Puffinus puffinus) to reduce their foraging efficiency, forcing them to choose between an extended 

foraging trip or to return to the nest before they have fully recovered their condition. We found that 

handicapped parents took significantly longer foraging trips than normal, to which their partner 

responded by lengthening their incubation stint. But lengthy incubation stints appear to come at a cost 

with these individuals subsequently embarking on longer foraging trips once their partner returned. 

These results suggest that coordination emerges from a simple, individual-centric rule where foraging 

birds stay at sea for as long as it takes them to recover their condition, and where incubating birds 

remain at the nest until their partner returns. Consequently, apparently coordinated behaviour can arise 

without the need for explicit communication. 

Exploring sibling storm-petrel species (Hydrobates sp.) breeding ecology, utilising both traditional and 

modern approaches 

Hannah. F. Hereward¹, Renata Medeiros¹, Verónica Neves², Frank Hailer¹, Richard Facey¹, Robert Thomas¹ 

¹Cardiff University, ²Azores University 

Traditional monitoring techniques (e.g. manual nest checks) are being increasingly combined with non-

invasive monitoring technological innovations (e.g. GPS tracking, nest cameras) to aid in furthering 

ecological and conservation studies. By incorporating these technological innovations, it is possible to 

both continue long-term monitoring, whilst also collecting novel data to answer associated knowledge 

gaps. For example, aiding in identifying at-sea habitat usage or in-nest potential threats and breeding 

success rates. In the Azores, two sibling species of storm-petrel breed on the same islet, but at different 

times of year (Monteiro's storm-petrel, Hydrobates monteiroi, 'hot season', and the 'cool season' 

breeder, Madeiran storm-petrel, H. castro). While there are now well established artificial nest boxes in 

place, enabling detailed monitoring of breeding success and chick growth rates, there are still significant 

knowledge gaps about, 1) adult behaviours in the nest, 2) chick-adult interactions in the nest (e.g., 

length of time spent chick provisioning), 3) chick growth and survival/fitness, 4) foraging behaviours of 

breeding adults, and 5) within-nest threats to survival of the eggs, chicks and adults. Our study aims to 

provide a detailed overview of the breeding ecology of both Azorean sibling species at the nest and 

during foraging trips. To achieve this, we combine traditional nest monitoring techniques (daily nest 

checks, including daily chick weight) with more novel techniques such as GPS tracking of parent adults 

and the deployment of in-nest cameras (using Raspberry Pi technology). These combined approaches 

allow for the identification of at-sea behaviours as well as in-nest behaviours and potential threats. 

Preliminary in-nest results identify the presence of non-native Madeiran wall lizards (Lacerta dugesii) 

and other seabird species as potential threats. Conservation implications of the obtained results will be 

discussed. 

Little penguins respond to odours linked to food but not to the nest 

Gaia Dell'Ariccia¹, Ross Holmberg², Francesco Bonadonna³, André Chiaradia² 

¹Auckland Council, ²Phillip Island Nature Park, ³Centre d?Ecologie Fonctionnelle et Evolutive-UMR 5175 

CEFE, CNRS-Université de Montpellier, Universi 

Procellariiform use the sense of smell to find food in the middle of the ocean, to orient and navigate. For 

these seabirds, olfaction has been evidenced as they key cue for homing at night in burrow-nesting 

species. Penguins are phylogenetically closely related to Procellariiforms but very little is known on their 
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use of odours for foraging. In addition, the potential use of olfaction for homing has never been 

investigated, despite some penguin species are burrow nesting and one is nocturnal at the colony like 

many petrels. Here, we investigated the sensory ecology of Little penguins (Eudyptula minur), the only 

burrow nesting species which is exclusively nocturnal at the colony. We performed Y-maze choice tests 

to investigate whether penguins are able to a) detect DMS, a food related odour, and b) distinguish 

between their own and another random nest by the odour. Our results show that these penguins 

detected and were attracted by DMS. But, when asked to choose between their nest odour and the 

odour of another neighbour nest, they showed no behavioural preference. Such results suggest that 

Little penguins may use olfactory cues to locate productive areas at sea but that they may disregard 

olfactory information in favour of more constant and reliable cues, like topographical features, when 

homing. We highlight that understanding how sensory ecology is shaped respect to the general ecology 

and behaviour of the species can bring a missed benefit for the implementation of conservation plans 

and provide new insight for new solutions. 

The sensory ecology of seabird color perception and nesting habitat 

Hannah Moon, Megan Porter 

University of Hawaii 

Wedge-tailed Shearwaters (Ardenna pacifica) are seabirds that nest in burrows under native plants and 

on hillsides on shorelines around Hawai'i. On Kaua'i's south shore, birds returning to a colony at sunset 

frequently land on a road running through the colony and are subsequently hit by cars. Additionally, 

these birds must navigate both densely packed native and introduced plants to locate their burrows. 

Avian vision is fundamentally different from human vision, so to investigate visual cues that may drive 

observed behaviors in this colony, visual contrast models were created using the PAVO R package. We 

investigated how objects in the colony compare visually and demonstrate how Wedge-tailed Shearwater 

vision may differ from both an "average" bird's vision and human vision. Physiological data on Wedge-

tailed Shearwater color perception were obtained from published literature. A spectrometer was used 

to collect reflectance data on five dominant plant species (Megathyrsus maximus, Leucaena 

leucocephala, Telsosma cordata, Vitex rotundifolia, Scaevola taccada) and three substrates (dirt, rocks, 

and the road). Results suggest Wedge-tailed Shearwater perceive the road through the colony as visually 

similar to natural substrates in the area. Results also suggest Wedge-tailed Shearwater have heightened 

color discrimination abilities among green plants compared to an "average" bird, especially Scaevola 

taccada. The ability of Wedge-tailed Shearwater to discriminate Scaevola taccada above all other 

measured plants may be associated with the frequency of burrows dug near this plant. These species-

specific visual models have powerful implications for management. These models also allow for 

potentially greater understanding of how birds perceive any object (i.e. outdoor lights against the 

sky/ground, wind turbines, and other environmental hazards), and management can adapt accordingly. 

Aerial and underwater vocalizations in penguins during foraging activities 

Andréa Thiebault1, Alistair McInnes 3, Lorien Pichegru2, Tegan Carpenter-Kling3, Katta Ludynia4, Chloé 

Huetz1, Thierry Aubin1, David Green2, Pierre Pistorius2, Isabelle Charrier1 

1CNRS UMR 9197, Institut des Neurosciences Paris-Saclay, Université Paris-Saclay, 2Institute for Coastal 

and Marine Research, Nelson Mandela University, 3BirdLife South Africa, 4SANCCOB, South Africa 

Penguins are exceptional among birds for their aquatic adaptions. They have lost their ability to fly and 

have developed extreme diving techniques. Their use of visual signals at sea is limited to the surface 
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where marine conditions can constraint their field of view. Recent studies have shown that they may 

use olfactory signals, although these seem limited for birds without tube noses. We therefore 

hypothesized that acoustic signals could be important in penguins. 

Penguins, like most seabirds, are known to be very vocal when breeding in colonies. Vocalizations in this 

context are essential for mate and offspring recognition, and some species have developed very 

complex acoustic signals (e.g. two voices and sex-specific syntax in King penguins). However, their 

vocalizations and use of acoustic signals in the marine environment are barely known, due to the 

difficulties of recording animal-emitted sound at sea. 

We deployed video-cameras with built-in microphones on four species of penguins, the African penguin 

Spheniscus demersus, the King penguin Aptenodytes patagonicus, the Macaroni penguin Eudyptes 

chrysolophus and the Gentoo penguin Pygoscelis papua, to study their vocal activities when foraging at 

sea. We recorded vocalizations emitted at the sea surface and also vocalizations emitted under water 

during foraging dives. Aerial vocalizations were related to specific social-ecological contexts (commuting 

vs diving, solitary vs group) and were most probably related to contact and grouping with conspecifics. 

Underwater vocalizations were always associated with hunting activities. 

Seabirds face several known anthropogenic threats when at sea (i.e. over-fishing, by-catch, oil 

pollution). We postulate that an increase in anthropogenic noise could also pose a threat. Thus, 

understanding the use of acoustic signals by seabirds is crucial to be able to effectively implement 

mitigation measures when necessary. We highlight the need for further investigation into this poorly 

studied behaviour in penguins that potentially plays a major role in foraging success and ultimately in 

population demographics. 

Visual trail following in colonial seabirds: Models and radar observations of social foraging 

Samuel Urmy¹ 

¹Stony Brook University 

Seabirds have long been thought to exploit social information when searching for their prey, the 

distribution of which is often patchy and variable. The fact that most seabirds breed colonially has led to 

speculation that colonies serve as "information centers," allowing their inhabitants to learn about the 

distribution of food by observing or following other successful foragers--though this hypothesis is 

controversial, and the evidence for it is mixed. However, several recent studies have documented 

behaviors that suggest some seabirds do exploit social orientation cues at or near their colonies in order 

to orient towards food. I explored one such social orientation behavior, which I term "visual trail 

following." I derived a simple model of public information transfer and showed that trail following 

should be favored over other commonly hypothesized foraging behaviors. An individual-based 

simulation model was then used to test this theoretical prediction while varying prey patchiness and 

colony size. The model's results showed that trail following was the optimal strategy across a wide range 

of conditions. Finally, I used radar data recorded at a tern colony in coastal New York, USA to 

demonstrate evidence for trail following in the movements of wild seabirds. These results show that trail 

following and similar behaviors are effective foraging strategies which are likely important for seabirds 

and other colonial animals. 

Foraging behavior and diet of male and female Guanay cormorant in Punta San Juan, Peru 

Lyanne Ampuero-Merino¹, Rosana Paredes², Diego Gonzales-DelCarpio³, Carlos Zavalaga³, Susana 



82 
 

Cárdenas-Alayza⁴ 

¹Programa Punta San Juan, CSA-UPCH, ²Department of Fisheries and Wildlife - Oregon State University, 

³Unidad de Investigación de Ecosistemas Marinos - Grupo Aves Marinas, ⁴Programa Punta San Juan, CSA 

- UPCH 

Punta San Juan is a peninsula located on the southern coast of Peru and is a breeding site for tens to 

hundreds of thousands of Guanay cormorants, Phalacracorax bougainvillii; a persuit-diving seabird 

species with no evident dimorphism. Our objective was to characterize foraging behavior according to 

sex to offer precise management recommendations for the marine protection off Punta San Juan. 

During the 2017 and 2019 breeding seasons, we deployed GPS devices with depth sensors in 97 adults 

rearing chicks (n=37 females; n=52 males). We measured/weighed each individual and collected 

spontaneous regurgitations. We found morphological differences between sexes for wing cord in 2017 

(females: 29.8 ± 0.6 cm, n = 22; males: 30.8 ± 0.7 cm, n = 29; p<0.0001), head length in 2019 (females: 

14.1 ± 0.3 cm, n = 15; males: 14.5 ± 0.5 cm, n = 23; p= 0.013) and body mass in both years (females: 1.8 ± 

0.2 kg, n = 37; males: 2.0 ± 0.2 kg, n = 52; p<0.0001). However, there were no significant differences 

between sexes during both years for mean dive depth (females: 13.1 ± 4.9 m; males: 13.2 ± 4.8 m), 

maximum dive depth (females: 68.9m, males: 67.3m), maximum dive duration (females: 123.6 s; males: 

124 s), maximum straight-line distance from the colony (females: 84 km; males: 71.9 km) or mean 

straight-line distance from the colony (females: 26.8 ± 15.2 km; males: 22.9 ± 14.1 km). Guanay 

cormorants fed mainly on Peruvian anchovy (Engraulis ringens, (females: 78%, n= 18; males: 94%, n = 

18). In addition to anchovy, females also fed on four other fish species. This study reveals greater 

distances and diving depths compared to records colonies in northern Peru. However, although some 

differences were found in morphometrics between sexes, our study shows no sexual segregation in the 

foraging behavior of Guanay cormorants in southern Peru. 

 

Symposium 13 – The importance of river plumes to seabirds and seabird prey 
October 8 12:00 – 14:00 UTC 

Foraging habitat preference of an inshore seabird within estuarine plume fronts 

Nicole Kowalczyk¹, Richard Reina¹, Tiana Preston¹, Yan Ropert-Coudert², Akiko Kato², Andre Chiaradia³ 

¹School of Biological Sciences, Monash University, ²Centre d'Etudes Biologiques de Chizé, CNRS, ³Phillip 

Island Nature Parks 

Marine visual seabirds rely on waters with clear visibility to forage. A single-acute increase in turbidity 

may not have a severe effect on finding prey. However, extended periods of turbidity can impact the 

foraging success of predators. Long-lasting turbidity created by a large-scale shipping channel dredging 

proposed at the mouth of the Yarra river, Australia, could potentially affect the foraging and breeding 

success of ~35,000 little penguins Eudyptula minor. We conducted three-dimensional spatial studies 

using GPS or satellite trackers, and time-depth recorders, to examine the underwater habitat 

preferences of the penguins within the dredging area. Our data showed that 39% of feeding dives were 

within the shipping channels. Given the potential negative effect, penguins were used as key indicators 

in a four-year monitoring plan during the dredging. We used a penguin monitoring system equipped 

with a weighing platform to monitor body mass change to assure that penguin weights would not drop 

below a critical threshold. Fortunately, this critical threshold was not reached during dredging. Outside 
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the dredging period, we used oceanographic data from a Ship of Opportunity (volunteer merchant 

vessels carrying environmental sensors) to assess the fine-scale habitat use of the little penguin within 

the estuarine plume. We compared the home-range (transit and foraging) and core-range (foraging 

hotspot within the home-range) with the environmental conditions in the accessible, but not visited 

range (i.e. non-foraging range). Waters in the core foraging range were less turbid but also less 

productive and dynamic. Even under unfavourable conditions, penguins spent a great proportion of 

their time in the core-ranges. Although less productive, these low turbidity waters may improve the 

ability of penguins to detect and capture their prey. Our results highlight that a visual predator 

selectively forages in waters with better visibility but less productive as a potential means to improve 

foraging efficiency. 

Characterizing seabird and prey distributions at three glacier fronts in Melville Bay, NW Greenland 

Elizabeth Phillips¹, Kristin Laidre¹, Ian Fenty², Malene Simon³ 

¹University of Washington, ²California Institute of Technology, ³Greenland Institute of Natural Resources 

Freshwater discharge from melting glaciers is increasing as the Arctic undergoes large-scale climate 

change. While little is known about the influence of glacier meltwater on mid- and upper-trophic levels 

in the marine ecosystem, the importance of glacial fjords as habitat has been demonstrated for several 

seabird species. To characterize the physical processes that influence the biological community 

associated with glacial fjords, we surveyed three tidewater glacier sites in Melville Bay, Northwest 

Greenland in September 2018 and August 2019. We recorded counts of all seabird species along 

transects into and out of each glacier fjord, and measured acoustic backscatter continuously using a 

hull-mounted EK80 echosounder system to quantify fish and zooplankton distributions throughout the 

water column. We also collected temperature, salinity, and turbidity data at multiple sampling stations 

within each glacier site using CTD casts to characterize the distribution, depth, and stratification of the 

meltwater plume. We found a number of surface foraging and diving seabirds inhabiting the three 

glacier sites, including black-legged kittiwakes (Rissa tridactyla), northern fulmars (Fulmarus glacialis), 

and black guillemots (Cepphus grylle). We present preliminary results on the relationship between 

seabird density and physical factors including distance to the glacier front, iceberg activity, depth of the 

meltwater plume, and zooplankton distributions. We also compare our results between two field 

seasons, specifically during 2019 when our survey occurred during an extreme melt event. This research 

establishes a baseline of knowledge about the ecological importance of glacier fjords in Northwest 

Greenland, and will allow for predictions of future impacts to the marine ecosystem as glaciers continue 

to retreat. We suggest that tidewater glacier sites along the Greenland coast are important areas for 

resident and migratory seabirds due to the high productivity generated by runoff of terrestrial nutrients 

and strong stratification of the water column. 

Foraging seabirds respond to an intermittent meteorological event in the Ria de Vigo, Spain. 

James Waggitt¹, Shaun Fraser², Ricardo Torres³ 

¹Bangor University, ²University of Highlands and Islands, ³Plymouth Marine Laboratory 

Temporal variations in the numbers of foraging seabirds usually coincide with concurrent variations in 

physical processes influencing prey availability. Responses to periodic tidal currents are commonly 

reported, with certain tidal states being favoured. By contrast, responses to intermittent meteorological 

events have rarely been reported, even though wind-driven exchanges of water masses or intrusion of 

estuarine plumes could have similar consequences. This study compares responses of foraging seabirds 
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to physical processes in the Ria de Vigo, north-western Spain. The numbers of foraging European shags 

Phalacrocorax aristotellis and yellow-legged gulls Larus michahellis showed no response to variations in 

current direction/speed. By contrast, the numbers of both species increased during the intrusion of the 

Western Iberian Buoyant Plume following high freshwater discharge and southerly winds. The 

differences in responses to periodic tidal currents and intermittent meteorological events presumably 

relate to their relative control of conditions in the ria; whilst currents cannot be considered particularly 

weak, intermittent weather events have a stronger control on conditions. These findings show that 

responses to periodic tidal currents could be absent or subdued when intermittent meteorological 

events have a greater control on conditions, even though periodic tidal currents are conspicuous 

physical processes in coastal environments. 

Using seabird associations with the Columbia River Plume to demonstrate the conservation 

importance of river plumes 

Jeannette Zamon¹, Elizabeth Phillips², Josh Adams³ 

¹NOAA Fisheries - Pt. Adams Research Station, ²NOAA Fisheries - Northwest Fisheries Science Center, ³US 

Geological Survey 

The Columbia River on the west coast of the United States is the 21st largest river in the world in terms 

of annual mean flow. Freshwater discharge from the Columbia River flows into the northern California 

Current Ecosystem, one of the most productive marine food webs in the world. A large, dynamic plume 

is formed at the mouth of the river, which has a strong regional influence on nearshore oceanography 

and productivity. Using at-sea surveys, land-based surveys, and satellite telemetry, we demonstrated 

that the plume also strongly affects the distribution, abundance, and habitat preferences of seabirds 

and seabird prey. Specifically, we found that two numerically dominant piscivorous seabirds, common 

murres (Uria aalge) and sooty shearwaters (Ardenna grisea), aggregate in large numbers in this region, 

preferentially select plume habitat, and respond to spatial and temporal changes in plume dynamics. 

Coastal pelagic fishes consumed by seabirds such as northern anchovy (Engraulis mordax) are 

disproportionately more abundant in plume waters compared to adjacent waters, suggesting that 

foraging birds use the plume to increase prey encounter probabilities. Plume effects are evident in both 

summer and winter, although the dynamics driving winter use of the plume are not well-understood. 

Given predicted changes in freshwater runoff with climate change, and high levels of human use of the 

Columbia River and other large rivers for commercial and recreational activities, we suggest that river 

plumes are under-appreciated regions of global conservation importance for seabirds. 

Seabird assemblage at the mouth of the world's largest river, the Amazon River 

Nicholas Daudt¹, Suzana Martins¹, Eduardo Kirinus¹, Leandro Bugoni¹ 

¹Universidade Federal do Rio Grande - FURG 

Here we describe the seabird assemblage recorded adjacent to the Amazon River mouth, the greatest 

freshwater input in the marine environment globally, in North Brazil. Through two ship-based surveys 

conducted between March and May 2015, 219 seabird counts were carried out (118 during navigation 

and 101 point-counts). A total of 443 individuals of 21 species were recorded. The species composition 

was almost all migrant taxa from both the Northern and Southern Hemispheres. Associations between 

bird assemblages (grouped by seabird families) and environmental variables were accessed through 

univariate, two-part multiple regression models and canonical correspondence analysis. Seabirds 

aggregate in two main areas, each related to different mesoscale oceanographic features: the tidal 
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mixing and saline front at the mouth of the Amazon River and the ring-formation zone on the border 

with French Guiana. For Procellariidae and Hydrobatidae, associations with sea surface temperature and 

distance from the coast were important. These groups were mainly observed in the ring-formation zone, 

which entraps Amazon River water in the core of the rings, and storm-petrels also occurred at the 20-m 

isobath, where the advection process carries river' waters to the surface causing local zooplankton 

enhancement. On the other hand, for Sternidae, Laridae and Stercorariidae, chlorophyll-a and 

bathymetry were the most important factors. Their distributions were associated with the mouth of the 

Amazon River, where primary productivity is high. The oceanographic characteristics of these 

aggregation zones make them ecologically important areas for meso- and megafaunal marine taxa, 

particularly seabirds. 

 

Symposium 14 – Seabird bycatch in commercial fisheries: Progress and challenges 
October 8 12:00 – 14:00 UTC 

October 8 14:15 – 16:15 UTC 

October 8 22:00 – 24:00 UTC 

Extent and potential impact of incidental bycatch of seabirds in Norwegian coastal gillnet-fisheries 

Signe Christensen-Dalsgaard¹, Tycho Anker-Nilssen¹, Tom Williams², Jon Helge Vølstad², Kim Magnus 

Bærum¹ 

¹Norwegian Institute for Nature Research, ²Institute of Marine Research 

Worldwide, incidental bycatch in fisheries is a major conservation threat to many seabird species. 

Although an increasing number of studies address this issue, most of the published knowledge is derived 

from longline fisheries, whereas bycatch in gillnet fisheries is less studied. Gillnets are known to catch an 

array of non-target taxa with the pursuit-diving seabirds being the most susceptible. To document the 

cumulative effects of bycatch in gillnet-fisheries on seabird populations, there is a need to assess a wide 

range of seabird species across multiple types of fisheries and fishing gear. Fishing and aquaculture is 

one of Norway's main export industries and is vital for human settlement along the Norwegian coast. 

This also puts pressure on seabirds through resource competition and bycatch-induced mortality. Since 

2008, we have collected information on incidental bycatch of seabirds in different types of gillnet 

fisheries in Norwegian coastal waters. Besides data from the reference fleet, which is contracted to 

supply the Institute of Marine Research with details of their catch and bycatch, data sources include 

independent observers, Norwegian nature surveillance and self-reporting by fishers. In this study we 

collate and summarize the information on seabird bycatch across fisheries to assess the seabird species 

most affected and the magnitude of mortality. We show that alcid and cormorant populations in the 

northernmost part of the country experience the highest levels of bycatch in gillnets. The population 

level effect of the bycatch-induced mortality is dependent on the sex and age structure of the birds 

killed and the status and size of the source populations to which they belong. We use information from 

necropsies and tracking data to infer on which parts of the populations that are affected in order to 

evaluate the potential impact of bycatch on the viability of their populations. 

Developing a novel method to estimate seabird bycatch risk for impact assessment using an 

encounter rate modelling approach 
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Helen Wade¹, Grant Humphries², Ross McGregor², David Donnan¹ 

¹NatureScot, ²HiDef Aerial Surveying Ltd. 

Globally, numerous seabird species are incidentally caught as bycatch in fishing gear as they overlap and 

interact with fishing activities. This has had significant impacts on some seabird populations. Quantifying 

the impacts of bycatch on seabirds is challenging but essential if we are to better understand how 

fishing activity affects seabird populations. This will enable effective mitigation and management 

measures to be implemented to protect those seabird populations at risk. In Scotland, a legal obligation 

exists to assess potential impacts of fishing activities on protected seabird populations. This has been 

challenging as no tool or process exists to estimate bycatch risk to seabirds. To address this issue, a tool 

used in marine renewable energy impact assessment has been developed to test the feasibility of 

estimating bycatch risk to seabird populations. The tool is based on encounter rate modelling, adapted 

for use in a fisheries context for a variety of fishing gears, including gillnets and trawls. The tool 

incorporates information on seabird diving behaviour, survey-derived seabird densities and fishing gear 

information that can easily be obtained from fishers. The subsequent estimates of bycatch risk for a 

particular fishery, on specific seabird species, can then be incorporated into assessments of impact at 

the population level. The tool represents a first step in developing a transparent and objective method 

of estimating seabird bycatch risk. Lack of fishery-specific information has been a barrier to 

understanding seabird bycatch. However, use of this tool highlights data and knowledge gaps, which can 

inform recommendations for future data collection, monitoring and subsequent model validation. The 

tool is adaptable, enabling estimation of bycatch risk across taxa, including marine mammals. The 

method we have developed also has the benefit of being widely applicable to a variety of fishing 

activities, in any geographical location, where the relevant data are available. 

Addressing seabird bycatch in Mediterranean artisanal fisheries: the value of self-reporting logbooks 

José Manuel Arcos¹, Carles Tobella¹, Verónica Cortés¹, Maria Fargas¹, David García¹, Pere Josa¹, Paulo 

Lago¹, Toni Mulet¹, Ana Orts¹, Marguerite Tarzia², Oliver Yates³ 

¹SEO/BirdLife, ²BirdLife European and Central Asia, ³BirdLife International 

Fishing bycatch is a major threat to many Mediterranean seabirds, including the threatened Balearic 

(Puffinus mauretanicus) and Yelkouan shearwaters (P. yelkouan). Both species show severe declines 

largely driven by bycatch. However, the highly diversified Mediterranean fisheries, mostly artisanal, 

make it difficult to conduct a proper assessment of the problem and to find and implement appropriate 

solutions. Questionnaires help to get a general overview (areas and gears of concern), but fail to get 

detailed information. On the other hand, observers onboard provide accurate data, but may misjudge 

the problem if coverage is limited, and have difficulties to get onboard the smallest vessels. Here we 

describe recent advances in the assessment of seabird bycatch in the Spanish Mediterranean using an 

intermediate approach, self-reporting logbooks fulfilled by fishermen, with a close follow-up by 

observers to promote knowledge exchange and increase motivation, and a small fee to make their work 

rewarded. We focused on small-scale artisanal vessels alternating different gears (i.e. polyvalent), as 

well as medium-scale bottom longliners usually operating farther offshore. From 13 to 38 vessels per 

year were monitored between 2017 and 2019, totaling 4,294 trips. Inter-year variability in bycatch was 

high, partly due to changes in practices, ranging from 0.02 (2018) to 1.32 birds per trip (2017). In total 

876 birds of 10 species were reported, of which 80.2% were Puffinus shearwaters. Polyvalent vessels 

using demersal longline had the highest bycatch rates, whereas medium-scale longliners had fewer 

captures. Bycatch peaked in late Spring, and occurred more frequently when setting by day, using small 
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pelagic fish as bait, and with little weighting of the line. Differences also occurred regionally. In addition 

to providing an evaluation of bycatch occurrence, logbooks were also useful at raising awareness and 

involving fishermen in the identification of solutions, and are a promising tool to extend to other 

regions. 

Lessons from the Albatross Task Force: over a decade of seabird bycatch action 

Rory Crawford¹, Esteban Frere¹, Nina da Rocha¹, Andrea Angel¹, Nahuel Chavez¹, Dimas Gianuca², 

Samantha Matjila¹, Titus Shaanika¹, Cristian Suazo¹, Leo Tamini¹ 

¹BirdLife International, ²Projeto Albatroz 

The Albatross Task Force (ATF) was established by BirdLife International and the Royal Society for the 

Protection of Birds (RSPB) in 2006 to tackle seabird bycatch in targeted fisheries, principally by bridging 

the gap between science and industry through grassroots engagement. Since then, the ATF has worked 

in as many as eight countries in South America and southern Africa in a range of fisheries, primarily 

focusing on industrial trawl and longline operations. Collectively, since the ATF was launched, the teams 

have completed over 5,000 days of at-sea monitoring, attended more than 900 meetings with 

government, industry and fishery stakeholders, and conducted over 3,400 port visits. With an ambitious 

target of achieving 80% reductions in bycatch from baseline levels, the teams have built a broad base of 

experience across the critical elements of seabird bycatch management in fisheries, including: 

establishing the scale of bycatch problems through data collection; demonstrating and adapting 

mitigation measures on vessels; successfully advocating for the introduction of bycatch regulations; 

training official observers and inspectors in seabird bycatch issues; monitoring the implementation of 

regulations and examining the scale of bycatch reductions. As such, the ATF has interfaced with industry, 

government, certification bodies, NGOs and other stakeholders to try and achieve these substantial 

bycatch reductions. In some cases, this has been hugely successful, most recognisably in the South 

African hake trawl and the Namibian demersal longline fisheries, where bycatch has been reduced by 

over 90%. In other cases, bycatch reductions have taken longer to materialise but are on the horizon, 

partly thanks to strong regulations, including in key Argentinean and Chilean trawl fleets; elsewhere, 

reductions look infeasible in the short-medium term. This presentation will highlight what has and has 

not worked in our experience and identify some of the key ingredients contributing to the success (or 

failure) to reduce seabird bycatch, with an emphasis on how this might apply to other fisheries. 

Low compliance with mandatory mitigation measures explains continued high mortality of albatrosses 

and petrels in a global bycatch hotspot 

Dimas Gianuca¹, Tatiana Neves², Gabriel Canani², Rodrigo Sant'Ana³ 

¹University of Exeter, ²Projeto Albatroz, ³Universidade do Vale do Itajaí 

Fisheries bycatch, particularly in pelagic longline fisheries (PLLF), is the most pervasive at-sea threat for 

declining populations of albatrosses and petrels globally. To tackle this problem, one or more mitigation 

measures (MMs) developed over the last decades are now mandatory in most national fisheries and in 

the high seas. However, compliance levels and seabird bycatch rates remain poorly monitored in many 

exclusive economic zones (EEZs), and especially in the high seas. Here, we quantified the adoption of 

two MMs, night setting (NS) and toriline (TL), and seabird bycatch levels in PLLF off southern Brazil - a 

global bycatch hotspot for albatrosses and petrels - before and after these MMs, recommended by the 

International Commission for the Conservation of Atlantic Tunas (ICCAT) became mandatory in Brazil. 

We analysed information on 1,458 longline sets, from 2000 to 2018, collected by observers from Projeto 
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Albatroz taken on board voluntarily by fishermen. We found overall low levels of adoption of TL and NS, 

and high seabird bycatch rates, both before and after these MMs became part of national regulations. 

The lack of official observer coverage and the incapacity of authorities to control practices at sea are key 

factors contributing to this scenario. Consequently, seabird bycatch levels in Brazil remain a serious 

concern, despite the regulations in place. These results reinforce the increasing body of evidence 

suggesting that low compliance with MMs is common in other PLLF fleets with no or low observer 

coverage, and difficulties inherent in enforcing seabird bycatch regulations for many fleets. Therefore, 

increasing independent observer coverage and implementing remote monitoring tools including using 

satellite-AIS or winch sensors to check for night-setting, tamper-proof cameras and machine learning 

technology are urgently needed to ensure higher compliance over a broad-scale, and, ultimately, to 

reduce the unsustainable mortality of albatross and petrels in global PLLF. 

Variation in live-capture rates of albatrosses and petrels in fisheries, post-release survival and 

implications for monitoring and management 

Richard Phillips¹, Andrew Wood¹ 

¹British Antarctic Survey 

Bycatch of seabirds in longline fisheries includes mortalities (during setting) and live captures (mainly 

during hauling). The proportion of injured live-caught birds that later die is unknown, complicating 

efforts to quantify impacts of fisheries, particularly as live-capture rates will probably increase with 

vessels adopting night setting as a mitigation measure. Over a 26-year period at South Georgia, foul-

hooking indices - birds with embedded hooks or entangled among 10 000s checked at the colony - were 

broadly similar in wandering albatrosses and giant petrels, an order of magnitude lower in black-browed 

albatrosses and nil in grey-headed and light-mantled albatrosses. This likely reflected differing degrees 

of overlap with fisheries and interaction with gear during hauling. Indices peaked in the early 2000s, 

then declined, broadly corresponding with changing fishing practices - the lagged effect of a seasonal 

fisheries-closure, introduction of a new fishing system, reduced effort in some demersal fisheries, 

general improvements in bycatch mitigation - indicating that foul-hooking indices at colonies can reflect 

relative risk for different species over time, and be a useful adjunct to vessel-based monitoring of live-

capture rates. Taking into account age and status when reported, and annual survival probabilities in the 

wider population, subsequent survival of live-caught and released wandering albatrosses was around 

40% of that expected for the wider population. This has major implications for ecological risk 

assessments that seek to determine the impacts of fisheries on seabirds, as most do not currently 

consider deleterious impacts of live capture. 

Reducing seabird bycatch in the Newfoundland inshore fishery: The effects of visually-oriented fishing 

gear modifications 

Robert Blackmore¹, William Montevecchi¹, Jessika Lamarre¹, Yann Rouxel², Pierre-Paul Bitton¹ 

¹Memorial University of Newfoundland, ²BirdLife 

Catch efficacy and bycatch are critical factors that determine the sustainability, practicality, and 

profitability of different fishing gears. Gillnets, cod-pots, longlines and handlines are the most commonly 

used gears in the Newfoundland, Canada inshore Atlantic Cod (Gadus morhua) fishery. Owing to their 

efficiency, selectiveness, and low effort, gillnets are the most widely used gear for cod and are the 

primary gear used in the Atlantic herring (Clupea harengus) fisheries, however, gillnets are known to 

cause a high mortality in seabirds due to bycatch. In an attempt to mitigate these effects, we attached 
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high-contrast warning flags to surface-set herring gillnets. Flags had equivocal influences on seabird 

bycatch but also reduced herring catches, and so a shift in focus toward an alternate approach was 

needed. Handlines, a traditional gear used by most fishers, produce minimal bycatch and catch live, 

high-quality fishes that fetch higher prices. Unfortunately, this sustainable fishing gear has low catch 

rates, smaller catch size, and high effort compared to gillnets. Demersal, benthopelagic fish such as 

Atlantic Cod are adapted to a low-light environment with a narrow range of available wavelengths. Such 

adaptations predispose cod to forage efficiently within their habitat-specific light conditions, a 

behaviour that can be exploited by fishers through manipulations of light modifications to fishing gear. 

In a pilot study, green (520 nm peak) LED handline attachments substantially increased catch rate of 

Atlantic cod. Combined with lab-based behavioural experiments, the present study builds on this 

research to more effectively test the effect of green light on cod foraging behaviour and handline catch 

rates. The implications of these findings could encourage fishers to handline more often, thereby 

helping to mitigate bycatch by reducing the need for gillnets and promoting best-practice fishing 

methods. 

Tackling seabird bycatch in gillnet fisheries: where have we been and where are we going? 

Yann Rouxel¹ 

¹RSPB/BirdLife International 

In 2013, gillnets were estimated to be responsible for the mortality of at least 400,000 seabirds globally 

each year, impacting the populations of threatened species like Yellow-eyed Penguins and Velvet 

Scoters, as well as more common species, including Black and Common Guillemots. Although research 

efforts to address this issue have been substantially expanded in recent years, no effective and widely 

applicable technical solutions have been found thus far - and with limited spatial or temporal 

management of fisheries to avoid seabird bycatch, it is likely that global seabird bycatch in gillnet 

fisheries has continued largely unabated. Technical mitigation measures involving underwater visual 

strategies (net illumination, the incorporation of 'high visibility' sections of netting) have been the 

subject of particular focus to date, but this strategy - essentially focussed on making nets more visible - 

have had, to date, limited or species/condition-specific results, including increases in seabird bycatch in 

some cases. In March 2021, an international workshop gathered multi-taxa & multi-disciplinary 

specialists working on gillnet bycatch, who discussed efforts over the past years, identified challenges 

and mapped out promising novel approaches and next steps for tackling bycatch in gillnets. For seabirds 

in particular, novel strategies involving cognitive and sensory ecology approaches and changes in fishing 

practices (including through gear switching) appear promising. It was also agreed that a stronger focus 

on holistic approaches, involving concerted efforts from multi-taxa and disciplinary expertise, is 

particularly needed to tackle this global conservation issue. In contrast to "siloed" actions which 

demonstrated limited success over the past decades. This presentation will summarise the findings of 

this workshop to chart a course for progress in bycatch reduction in gillnets, and will seek to draw 

analogies for success from successful bycatch minimisation in other fishing gears. 

Tackling seabird bycatch on the High Seas: progress, challenges and potential solutions 

Stephanie Prince¹ 

¹BirdLife International/ RSPB 

In 2004, the BirdLife International Marine Programme conducted the first environmental review of the 

world's Regional Fisheries Management Organisations (RFMOs), finding that most were not yet 
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addressing seabird bycatch effectively. Since then BirdLife have advocated in the tuna RFMOs for 

recognition of the problem and for action to be taken. Progress has been made and by 2012 all five tuna 

RFMOs required their longline vessels to use bycatch reduction measures in most areas overlapping with 

albatrosses. Despite the adoption of measures, many seabird, and particularly albatross, populations 

continue to decline, and albatrosses are still one of the most endangered groups of birds globally. An 

assessment of seabirds killed in tuna fisheries south of 20°S estimated that ~36,000 birds were killed in 

2016 alone, and some fleets still report high levels of bycatch. Some of the remaining barriers to 

achieving significant bycatch reductions include: low observer coverage, issues in data quality and 

reporting, current RFMO requirements not meeting Best Practice standards for reducing bycatch, and a 

lack of effective implementation of measures at a fleet wide scale. This presentation will highlight what, 

in our experience, has and hasn't worked for seabirds in both the RFMOs and in the countries with the 

riskiest fleets for albatross and petrels, the barriers still to overcome, and potential solutions to solving 

High Seas seabird bycatch including electronic and remote monitoring. 

Seabird bycatch in the eastern Canadian Arctic 

Jennifer Provencher¹, Mark Mallory², Allison Anholt³, Brett Favaro³ 

¹Environment and Climate Change Canada, ²Acadia, ³Memorial University of Newfoundland 

Fisheries are an important industry in the East Canadian Arctic as the sustainable development of the 

regions progresses. Each year millions of seabirds migrate to the region to breed and take advantage of 

the highly productive waters during the Arctic summer. While only a limited number of reports deal with 

Arctic fisheries seabird bycatch in Canada, published reports indicate that seabird bycatch in both the 

longline and gillnet fisheries for Greenland Halibut in Baffin Bay and Davis Strait is almost exclusively 

Northern Fulmars (Fulmarus glacialis). While population modelling suggests that this level of incidental 

take may be problematic for local populations, projected declines at the larger regional level are less 

severe. We present new data on the level of bycatch of northern fulmars in the eastern Canadian Arctic 

in relation to updated colony census performed in 2018 and 2020. It appears that while industrial 

offshore fishing in the region, which started in 2001, does not coincide with steep declines in fulmar 

populations in the region, there is an overall decline being observed at many of the colonies in the 

region suggesting that these populations may be vulnerable to further multiple stressors. 

Understanding and preventing seabird interactions with the catcher-processor trawl fleet targeting 

Pacific hake (Merluccius productus) off the U.S. West Coast 

Amanda Gladics¹, Vanessa Tuttle², Tom Good², Jason Jannot³ 

¹Oregon State University, ²NOAA Fisheries/National Marine Fisheries Service, ³Fishery Resource Analysis 

and Monitoring Division, Northwest Fisheries Science Center 

Minimizing incidental bycatch of seabirds in trawl fisheries continues to be a challenge to global seabird 

conservation. Trawl vessels that process fish at sea attract seabirds, putting them at risk for collision 

with cables connected to the net. There is global interest in using technology to promote increasingly 

selective fishing. However, many promising technologies require additional cables, which can pose risks 

to seabirds. North Pacific fisheries increasingly use additional cables to monitor catch in real time to 

avoid sensitive fish species. A recent study (2016-2018) raised concerns about the extent of seabird 

interactions with catcher-processor trawl fisheries for Pacific hake (Merluccius productus) on the U.S. 

West Coast. Interactions can result in injury or death, but bycatch estimates remained uncertain 

because dead seabirds are rarely documented by fisheries observers. In a collaborative research 
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partnership with industry, we deployed at-sea seabird monitors on hake catcher-processor vessels 

during the spring (13 May - 18 June 2019) and fall (11 Sept - 25 Nov 2019) hake seasons with the goal of 

documenting the extent of interactions and supporting fleet innovation to prevent seabird bycatch. 

During 1,130 hours of observations, we documented the frequency of seabird interactions (hard and 

light strikes) with trawl fishing gear during all phases of fishing operations (setting, towing and retrieving 

nets) and assessed interaction outcome (bird mortality, injury, or not harmed). We also investigated the 

feasibility and effectiveness of mitigations to reduce seabird interactions (warp booms, water cannon, 

and paired streamer lines stabilized with troll boards). Our findings may provide seabird conservation 

alternatives for trawl fisheries in which additional net monitoring cables are currently banned. These 

efforts build on a history of successful engagement with North Pacific fisheries to minimize seabird 

interactions using practical, cost effective, and proven strategies. 

Proposed measures to reduce seabird bycatch in purse-seine fisheries in Chile: A fishermen's 

perspective. PINK-FOOTED SHEARWATER Case study. 

Rodrigo Vega¹, VERONICA LOPEZ², Juan Le-bert³, Max Soto⁴ 

¹Instituto de fomento pesquero (IFOP), ²Oikonos ecosystem knowledge, ³Universidad de Chile, 

⁴Universidad de Valparaiso 

Pink Footed shearwater (PFSH) face bycatch threats during their feeding and reproduction migrations 

overlapping with the common sardine and Peruvian anchovy fishing areas. The reproduction areas 

(central Chile) and feeding migration (northern Chile and Peru) of the entire PFSH population coincide 

with the largest fleets of purse seine vessels in the Pacific. Based on a low observer coverage study on 

artisanal and industrial vessels, the Institute for Fisheries Development (IFOP), estimated that between 

1.7 and 5.1 birds are caught in fishing sets by the artisanal and industrial respectively, with high 

mortality rates occurring in both. In 2017, IFOP conducted a study on fishers in the main ports of Chile 

aiming at understanding their behaviour and developing tools to reduce bycatch and discard. The main 

findings show that in fisher's opinion: 1) the environmental fragility is irrelevant to them 2) they do not 

dimension the scale effect of a ship in relation to the total size of the fleets, 3) they do not have any 

knowledge of species captured 4) they perceive that mitigation measures and good practices are 

imposed, and that their opinions are not consider 5) they think that new mitigation measures will 

reduce their income. The development of a strategy for mitigating PFSH bycatch should consider 1) 

reaching basic consensus among the different actors 2) incentivizing fishers to look after their source of 

income by reducing the current threats (bycatch, plastic at sea, ghost nets, illegal fishing , etc) 3) make 

them proud to be part of the solution, 4) support the search for new markets that allow them to reduce 

the current extraction, leave more resources at sea and reduce the possibility of bycatch. 

Increasing adoption of seabird bycatch mitigation measures for a demersal longline fishery through 

innovation and outreach in Ecuador 

Giovanny Suarez¹, Hannah Nevins¹, George Wallace¹, Bradford Keitt¹ 

¹American Bird Conservancy 

Small-scale artisanal fisheries have significant bycatch of seabirds and other wildlife. Because artisanal 

fisheries are less regulated, reducing seabird bycatch requires a combination of innovative, cost-

effective tools that work on smaller vessels and are easily available to fishermen to encourage and 

standardize their use. In 2014, American Bird Conservancy, in collaboration with Nigel Brothers of 

Humane Society International, developed the NISURI Fastset method to increase the speed of longline 
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deployment. Recent work has focused on improving the performance of the NISURI Fastset and 

outreach to increase its use in Ecuador's demersal longline hake fishery. Over 10-year period up to 2021, 

1,008 artisanal fishermen have received training in conservation of seabirds and bycatch avoidance. 

Recently, because fishers have increased the number of hooks per set, exceeding the limit of 300 hooks 

of the first NISURI model, we developed a Double NISURI with a capacity of 600-800 hooks. In mid-2021 

we began testing the Double NISURI with four vessels. Concurrently, we studied line-weighting using 

time-depth-recorders and standardized concrete weights. The optimum line weight is 1107 g, placed 

every 30-35 hooks, reaching a depth of 10 m in 24-73 sec (mean 43.9, n=7). Traditional sets reached 10 

m in an average of 90 sec, with 1107 g weights placed every 40-45 hooks (n=4). By combining 

standardized concrete weights with the Double NISURI, fishers could set 800 hooks in 3.1-3.5 min 

running at 10-18 knots, compared to >25 min with traditional gear. Baits sink quickly, completely 

eliminating bird bycatch, and lines can be placed more accurately to avoid reefs and other fishers. The 

cost of the units is $150/boat. We are working to reduce the cost, primarily attributable to the welded 

stainless-steel brackets. In an effort to increase the use of line weights, we perfected a simple 

manufacturing process to reduce costs. 

How to enhance the implementation of seabird bycatch mitigation in fisheries; an inter-governmental 

perspective 

Igor Debski¹, Anton Wolfaardt¹, Sebastián Jiménez¹, Juan Pablo Seco Pon¹ 

¹Agreement on the Conservation of Albatrosses and Petrels 

The Seabird Bycatch Working Group (SBWG) of the Agreement on the Conservation of Albatrosses and 

Petrels (ACAP) was established to advise the Agreement on actions to assist in the assessment, 

mitigation and reduction of negative interactions between fishing operations and albatrosses and 

petrels. The SBWG comprises representatives from the Agreement's 13 Parties, together with invited 

experts with relevant technical or other expertise. Extensive efforts have been made by ACAP and other 

bodies into researching, recommending and supporting effective bycatch mitigation measures to 

address seabird bycatch in fisheries. Whilst there are a number of examples within jurisdictions where 

reductions in seabird bycatch have been demonstrated, sometimes dramatically so and without the 

perceived detrimental consequences arising, in many instances effective bycatch mitigation measures 

are not being implemented or are not being fully implemented. Consequently, bycatch in fisheries 

remains one of the greatest threats for many albatrosses and petrels. While many Regional Fishery 

Management Organisations and national authorities have put in place at least some measures to reduce 

seabird bycatch, compliance and enforcement are often inadequate. ACAP considers that 

implementation can be enhanced at several scales and stages of the fishery management process. Many 

actions identified by SBWG relate to communication, which needs to be tailored to its purpose and 

target audience. Positive communication and approaches may be more influential than negative 

(regulatory) approaches, although this may vary with culture. ACAP is currently reinvigorating 

information and communication approaches on the conservation crisis affecting albatrosses and petrels. 

This includes providing information aimed at addressing implementation challenges, refining its advice 

on mitigation measures, and the communication of this advice, together with the evidence supporting 

best mitigation practices, and exploring relationships with other organisations such as those involved in 

the certification of seafood sustainability to influence requirements targeted at reducing seabird 

bycatch. 
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Symposium 15 – Effects of wind and weather on seabird navigation, foraging and 

energetics 
October 8 12:00 – 14:00 UTC 

October 8 14:15 – 16:15 UTC 

Do North Atlantic pelagic seabirds take advantage of winds when they migrate? 

Françoise Amélineau¹, Arnaud Tarroux², Simon Lacombe³, Don-Jean Léandri-Breton⁴, Tycho Anker-

Nilssen², Vegard Bråthen², Ingar Bringsvor⁵, Olivier Chastel⁶, Signe Christensen-Dalsgaard², Francis 

Daunt⁷, Nina Dehnhard², Sébastien Descamps¹, Morten Ekker⁸, Kjell Einar Erikstad², Alexey Ezhov⁹, Per 

Fauchald², Maria Gavrilo¹⁰, Mike Harris¹¹, Hálfdán Helgason¹², Malin Johansen¹, Magdalene Langset², 

Svein-Håkon Lorentsen², Benjamin Merkel¹, Børge Moe², Mark Newell¹¹, Bergur Olsen¹³, Tone Reiertsen², 

Geir Systad², Thorkell Thorarinsson¹⁴, Ekaterina Tolmacheva¹⁵, Jens Åström², Hallvard Strøm¹ 

¹Norwegian Polar Institute, ²Norwegian Institute for Nature Research, ³Ecole Normale Supérieure de 

Lyon, ⁴McGill University, ⁵Norsk Ornitologisk Forening Møre og Romsdal, ⁶Centre d'Etudes Biologiques de 

Chizé. CNRS-Université de La Rochelle, ⁷Centre for E 

Seabirds are central-place foragers that are constrained to return regularly to the colony during the 

breeding season. During the non-breeding season, this constraint is relaxed, and they can potentially 

travel over large distances to maximize their chance of finding the most profitable foraging areas. 

However, moving across large distances is potentially energetically costly, and this may limit the range 

of migration. One way of reducing the costs of moving in the marine environment is to take advantage 

of winds and currents when they are favourable, or to avoid areas where they are unfavourable. This 

strategy may have immediate energetic benefits as well as ultimate effects on survival probability and 

breeding success. Here, our aim was to assess the degree to which wind can support, or to the contrary 

impede seabird movements during their long-distance migrations. We hypothesise that seabirds benefit 

from winds during at least some parts of their migration. We used a large dataset of geolocator-based 

winter tracks from black-legged kittiwakes collected at several colonies of the North East Atlantic 

between 2014 and 2018 through the SEATRACK project. We isolated migratory segments and simulated 

10,000 random trajectories for each migratory segment. We obtained wind data (speed and direction) 

for each position and calculated parameters characterising the effects of winds on the birds' movements 

(drift, wind support). We then evaluated whether wind conditions were more favourable for real tracks 

than simulated tracks. Our preliminary results reveal the presence of "wind corridors" with favourable 

wind conditions that are shared by migrating individuals originating from different colonies. Those wind 

corridors occur at the scale of the entire North-Atlantic Ocean and have important implications for the 

conservation of seabirds during their migration. 

Wind effect on flight performance in tropical seabirds from Cabo Verde: a multispecies GPS-tracking 

approach 

Jacob González-Solís¹, Teresa Militão¹, Sarah Saldanha¹, Laura Zango¹, Fernando Medrano¹, Raül Ramos¹ 

¹Universitat de Barcelona 

Seabirds are known to exploit oceanic winds and choose optimal trajectories to minimize energy 

expenditure during their migratory movements, but studies on how they cope with winds during their 

foraging movements at fine-scale remain scarce. Wind direction and intensity affect flight performance 

and energy expenditure during foraging, modulating seabird trajectories and ultimately, their foraging 

behaviour and efficiency. Since climate change scenarios predict a change in wind speed, its impacts 
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may be uneven across seabird species based on their capacity to deal with calm or strong winds which 

may depend on body and wing sizes and shapes, and the type of flight (e.g., flapping versus soaring). 

Here we evaluate how the eight seabird species breeding in Cabo Verde, with disparate sizes and 

shapes, respond to wind direction and speed while foraging under similar wind conditions. From 2018 to 

2019, we tracked from 10 to 200 foraging trips per species of brown boobies (Sula leucogaster), red-

billed tropicbirds (Phaethon aethereus), Cape Verde shearwaters (Calonectris edwardsii), Cape Verde 

petrels (Pterodroma feae), Boyd's shearwaters (Puffinus lherminieri boydi), Bulwer's petrels (Bulweria 

bulwerii), white-faced storm-petrels (Pelagodroma marina) and Cape Verde storm-petrels (Hydrobates 

jabejabe). We also collected wing area and wingspan to determine the aspect ratio as well as body mass 

and measurements of each species as proxies of their body and wing size and shape. In general, large 

species, either with flapping or soaring flight (brown boobies, red-billed tropicbirds and Cape Verde 

shearwaters), showed rectilinear trajectories with no specific orientation in relation to the wind, 

suggesting the tortuosity and orientation of their trajectories are not mediated by wind conditions. On 

the contrary, the remaining smaller species avoided flying directly into the wind by orienting their 

trajectories perpendicular to the wind direction and advancing in zigzags (tacking) against the winds at 

45-60º, like sailboats. Our results indicate small seabird species are more vulnerable to predicted 

changes in wind speed in the tropical ocean due to global climate change 

Drivers of flight costs in a tropical seabird breeding year-round 

Emily Shepard¹, Baptiste Garde¹, Adam Fell¹, Vikash Tataya², Nik Cole³ 

¹Swansea University, ²Mauritian Wildlife Foundation, ³Durrell Wildlife Conservation Trust 

Most studies assessing how the environment affects foraging costs in seabirds have been at high 

latitudes, where winds are typically high. Much lower wind speeds occur in the tropics where less is 

understood about what drives foraging costs. We quantified the foraging movements of red-tailed 

tropicbirds (Phaethon rubricauda) breeding on Round Island, Mauritius, using loggers containing 

accelerometers, magnetometers, barometric pressure sensors and GPS. High-frequency data from 78 

trips in two different seasons revealed that tropicbirds routinely soar in sea thermals, sometimes 

climbing hundreds of metres. This is unexpected given their morphology shows no indication of being 

adapted for thermal soaring. This behaviour may therefore be more common than previously thought. 

Wind did impact the use and profitability of thermal soaring, which increased with stronger tailwinds, 

demonstrating the diverse ways in which wind can affect flight costs. We consider the ways in which 

seasonally varying weather patterns combine to affect flight costs across a range of conditions. 

Fine-scale flight: the effect of wind on flight patterns of dynamic soaring seabirds 

Stefan Schoombie¹, Rory Wilson², Peter Ryan¹ 

¹FitzPatrick Institute of African Ornithology, ²Swansea University 

Technological advances in biologging in recent years have opened several new avenues to study the at-

sea behaviour of seabirds. The efficiency and size of these loggers have been improved to such an extent 

that fine-scale behavioural data can be recorded for extended periods. This is particularly useful when 

studying the at-sea behaviour of far-ranging Procellariiformes, a task that is often logistically 

challenging. We used a combination of biologgers (GPS, video camera and inertial measurement units 

[IMUs]) to study the flight behaviour of several procellariiforms breeding on sub-Antarctic Islands in the 

southern Indian and Atlantic Oceans, in varying wind conditions. The IMUs (including tri-axial 

accelerometers and magnetometers) allowed us to infer fine-scale (40 Hz) movement patterns while the 
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video cameras were used to ground-truth the IMUs and to extract bank angles from recorded flights. 

Dynamic soaring was identified through sinusoidal curves in magnetometer axes (independent of 

acceleration), while individual flaps were identified from the heave axis of the accelerometer. GPS 

loggers provided hourly location estimates, which were used to determine local wind conditions from 

satellite data. Albatrosses displayed dynamic soaring during most flights, with the duration of cycles 

decreasing and bank angles increasing with increasing wind speeds. By coupling flapping and roll angles 

we show that flapping, on occasion, occur at the upper turn of the dynamic soaring cycle, a period 

previous thought devoid of flaps. These results also suggest possible sexual differences, where males 

seem to flap more often than females and limit their take-offs to favourable wind conditions. This study 

shows how multiple fine-scale loggers can be used to gain insights on how seabirds of varying body sizes 

are able to travel vast distances in the dynamic Southern Ocean environment. 

Fine scale flight behaviour of gulls in response to dynamic atmospheric conditions over land and sea 

Elspeth Sage¹, Willem Bouten¹, Kees Camphuysen², Judy Shamoun-Baranes¹ 

¹University of Amsterdam, ²Royal Netherlands Institute for Sea Research 

Gulls are highly flexible in their response to dynamic atmospheric conditions across a range of terrestrial 

and marine environments. With their generalist diets gulls are also able to forage in many human-

impacted environments such as urban and agricultural areas or fisheries, which may then render them 

vulnerable to changes in human behaviour. Increasingly gulls are foraging inland, which offers a very 

different atmospheric landscape to the marine and coastal environments they are traditionally 

associated with. Sources of uplift used in soaring flight, such as thermals and orographic lift, are 

generally less common at sea, which could mean there is a greater potential of energetic savings for 

gulls that choose to fly inland. However much remains unknown regarding the degree to which gulls can 

respond to atmospheric dynamics at varying scales over sea or land, and the degree to which it affects 

their foraging decisions and flight energetics. We analyse the movements of lesser black-backed gulls 

(Larus fuscus) in relation to atmospheric uplift over sea and land, using high-resolution GPS and 

accelerometer measurements alongside advanced atmospheric modelling methods. We demonstrate 

some of the different ways in which sources of uplift such as thermal uplift are used by gulls to save 

energy in flight, and how flight behaviour differs between land and sea as a result of the atmospheric 

environment. Gulls spend far more time soaring over land than at sea , likely due to increased surface 

heating over land and more orographic lift produced by landscape heterogeneity. Nevertheless, certain 

scenarios at sea can generate suitable soaring conditions which gulls take advantage of. Overall we show 

how opportunistic use of atmospheric conditions helps to facilitate soaring flight, and how the differing 

atmospheric conditions over land and over sea influence the energetic cost of flight. 

Wind-induced collision mortality in Grey-headed Albatrosses breeding on Marion Island 

Janine Schoombie¹, Stefan Schoombie², Kyle Goddard¹, Emily Shepard³, Peter Ryan⁴, Lelanie Smith¹, Ken 

Craig¹ 

¹University of Pretoria, ²Nelson Mandela Metropolitan University, ³Swansea University, ⁴FitzPatric 

Institute of African Ornithology, University of Cape Town 

A significant portion of the global population of Grey-headed Albatrosses (Thalassarche chrysostoma; 

Endangered) breed on sub-Antarctic Marion Island (46°53′ S 37°44′ E). Although most pairs breed 

on coastal cliffs, ca 4000 pairs breed on an inland ridge. These birds occasionally crash into the valley 

below the ridge, with birds either dying on impact or as a result of starvation if they are unable to take 
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off again due to injury or absence of suitable wind conditions. We determined the number of birds 

affected and their distribution within the valley by counting carcasses and stranded birds in the valley on 

a regular basis between 2017 and 2019. Of the carcasses recovered, almost half are juveniles 

presumably killed during their first flight, with 41±23 killed per year (2.4% of chicks fledged each year). 

On average 45±21 adult carcasses were recovered each year, which represents 0.6% of the annual 

breeding population along the ridge, making wind-induced collision mortality a significant cause of 

death for a species that has a natural mortality rate of only ca 4% per year. Wind measurements taken in 

the area show this region is associated with high turbulence and gustiness. Simulations of wind around 

the ridge, using computational fluid dynamics (CFD), show that the flow over the area with the highest 

crash density is characterised by a concentrated down-draft under specific wind conditions. Although 

albatrosses are efficient at detecting and exploiting wind gradients at sea, operating near ground can be 

extremely risky, as these birds lack the power needed to respond to strong turbulence and downdrafts 

that are commonly associated with steep terrain. Crashes represent a source of mortality that is rarely 

considered. Further studies are needed to ascertain which wind conditions are most risky, whether they 

reduce the risk of crashing by avoiding taking off or landing under these conditions, and how the birds 

might be impacted by changing wind regimes. Simulating changes in wind speed and direction would aid 

in understanding the potential effects of wind as a factor of climate change on the local wind patterns 

and, subsequently, the population dynamics of Grey-headed Albatrosses breeding on Marion Island. 

Storm riders or hiders: rainfall alters foraging activity in a tropical seabird 

Federico De Pascalis¹, Rhiannon Austin², Jonathan Green², John Arnould³, Simona Imperio⁴, Jane 

Haakonsson⁵, Jacopo Cecere⁴, Diego Rubolini¹ 

¹University of Milan, ²University of Liverpool, ³Deakin University, ⁴ISPRA, ⁵Government of the Cayman 

Islands 

Locating ample food for self-maintenance and reproduction is a key challenge for wild animals, with 

consequences for individual fitness and population processes. The methods that individuals employ to 

locate food are partially shaped by environmental conditions that often vary spatio-temporally. In avian 

species, rain can affect behaviour, impairing senses and increasing energetic costs. However, the 

consequences of rain on movement behaviour are largely unexplored. We investigated the influence of 

rainfall on the foraging behaviour of a tropical seabird, the magnificent frigatebird Fregata magnificens. 

They are highly efficient flyers that can spend long time aloft, tracking environmental conditions to find 

foraging opportunities. Uniquely among seabirds, frigatebirds lack feather waterproofing and cannot 

dive nor perch on the water surface. Their foraging behaviour should thus be highly sensitive to the 

effects of rainfall. We tracked the foraging movements of 33 chick-rearing adults from a population in 

the Cayman Islands, central Caribbean. We firstly investigated whether foraging individuals avoided 

areas with high rainfall. We then assessed the broad-scale effects of rainfall on trip characteristics. 

Finally, we investigated fine-scale behavioural responses to local variation in rainfall, using Hidden 

Markov models that accounted for possible confounding effects of wind speed. Frigatebirds did not 

avoid areas with high rainfall during foraging trips, nor did rainfall influence trip characteristics. 

However, rainfall decreased time devoted to foraging-related activities and increased time spent 

perching. Moreover, it affected flight mode, inducing birds to fly slower and at lower altitudes. Wind 

speed, which was not correlated with rainfall, had a distinct effect, with strong winds affecting night-

time behaviours by decreasing time spent perching. Our results indicate that rainfall does not affect the 
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spatial distribution of foraging frigatebirds but does alter fine-scale foraging behaviour through reducing 

flight activity. Frigatebirds appear to cope with frequent rainfall events in tropical oceans by reducing 

their activity levels. We suggest that ongoing environmental changes in this region, through increasing 

storm frequency and intensity, has the potential to impair foraging and indirectly affect the fitness of 

these apex predators. 

Effects of windscape on three-dimensional foraging behaviour in a wide-ranging marine predator, the 

northern gannet 

Jude Lane¹, Dominick Spracklen¹, Keith Hamer¹ 

¹University of Leeds 

Marine birds are strongly exposed to weather conditions at sea but to date, few studies have 

investigated how wind or rainfall impacts time-activity budgets or foraging routines. We used data from 

GPS and pressure loggers to investigate the effects of wind speed and direction and rainfall on the 

three-dimensional foraging behaviour of gannets breeding at Bass Rock, Scotland. We found that activity 

budgets, travel speed and flight heights were all influenced by wind speed and direction. Time spent 

foraging increased in stronger winds but the birds could compensate for this by decreasing time spent 

on the water. Travelling flight height decreased with increasing head winds, potentially an additional 

behavioural buffer against adverse effects of strong headwinds. Rain had no discernible effect on 

foraging but the behavioural flexibility recorded is likely to be critical to maintaining nest attendance 

patterns and provisioning rates of chicks across variable environmental conditions encountered at sea. 

Effects of wind on seabird foraging in the North East Atlantic 

Hannah Meinertzhagen¹, Steve Votier², Matthew Witt¹, Robert Thomas³, Bob Furness⁴, Jason Chapman¹, 

Beth Clark⁵, Greg Morgan⁶, Lisa Morgan⁶ 

¹University of Exeter, ²Heriot-Watt University, ³Cardiff University, ⁴MacArthur Green, ⁵BirdLife 

International, ⁶RSPB 

Seabirds must navigate through wind in search of food, but climate change alters wind regimes. Climate-

induced changes in wind have positively impacted wandering albatross (Diomedea exulans), which have 

evolved to exploit some of the windiest places on earth. However, the effects of changing wind will 

likely vary according to wing morphology and behaviour, with some species benefitting while others 

might be at a disadvantage. Northern gannets (Morus bassanus) provide an interesting species in which 

to study wind effects for a number of reasons. First, in contrast to albatrosses, they have relatively high 

flight costs and may be adversely affected by strong winds. Second, they plunge-dive from height to 

catch food, such that strong winds may reduce foraging success. Here we conduct a long-term study (n = 

12 years) of the effects of wind on gannet foraging behaviour in the North East Atlantic. We use GPS 

loggers (n = 335 individuals) to reconstruct foraging trip metrics and ethoinformatics to quantify the 

amount of time spent performing different behaviours and test how these vary with remotely sensed 

wind. Overall, we test for the potentially divergent effects of wind on seabird foraging and suggest 

implications for demographic processes. 

Using accelerometry to understand the effect of windscape from the scale of seconds to days 

Kyle Elliott¹ 

¹McGill University 
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Wind plays an important role in seabird ecology and evolution, shaping energetic costs at multiple 

scales. Quantifying those costs has been greatly simplified by the development of small accelerometers 

that can measure mechanical flight costs. To examine the effect of windscapes at multiple scales, I 

attached GPS-accelerometers to thick-billed murres, which have high flight costs and are very 

susceptible to the effect of wind. At short time scales, I show that individual birds alter their wing beat 

amplitude but not wing beat frequency in response to increased wind, confirming a key prediction from 

the Pennycuick model. These increased costs meant that air speed was not regulated 1:1 with wind 

speed, and so flight times increased when flying into head winds at the scale of minutes. At the scale of 

days, energetic costs were higher during periods of heavy winds, and birds typically avoided flying 

during those periods. Birds did not appear to use windscapes actively, choosing to alter their time 

budgets rather than space use in response to wind. Ultimately, this had little impact on chick growth 

rates as adults buffered the effect of stormy conditions by increasing feeding rates during calm 

conditions. In conclusion, wind had a strong impact on seabird energetics from the scale of seconds to 

days but buffered these impacts on their offspring. 

Wind conditions influence flight mode and real-time energy expenditure in foraging albatrosses. 

Melinda Conners¹, Rachael Orben², Richard Phillips³, Lesley Thorne¹ 

¹Stony Brook University, ²Oregon State University, Hatfield Marine Science Center, ³British Antarctic 

Survey, Natural Environment Research Council 

Albatrosses are efficient flyers that transform wind energy into soaring flight, enabling them to 

commute long distances between foraging and breeding grounds with minimal effort. Characterizing the 

mechanistic links between wind variability and albatross energetics is critical to understanding how 

albatross populations might respond to changes in global wind patterns. We examined the flight 

behavior and energetics of foraging grey-headed (Thalassarche chrysostoma) and black-browed (T. 

melanophris) albatrosses in relation to wind conditions. High-resolution archival tags (GPS + 

accelerometer + magnetometer) were deployed on grey-headed and black-browed albatrosses at Bird 

Island, South Georgia during the 2019-2020 breeding season, and hourly winds were extracted along 

GPS tracks using the ECMWF Re-Analysis (ERA5, 0.25° x 0.25° spatial resolution) dataset. An 

unsupervised Hidden Markov Model applied to magnetometer and accelerometer timeseries data 

identified multiple flight modes (flapping flight, soaring) in commuting albatrosses and was used to infer 

how birds adjusted flight behavior relative to wind speed and direction. Body rotations measured from 

magnetometer data were combined with accelerometer data to calculate specific acceleration; this was 

used, along with overall dynamic body acceleration (ODBA), to estimate behavior-specific energy 

expenditure. Flapping flight was the most energetically costly flight mode; however, even within the 

more efficient flight modes (e.g. soaring), variable wind conditions influenced how effectively 

albatrosses were able to optimize flight efficiency. Our findings provide a mechanistic link between wind 

variability and energetics in two highly wind-dependent seabird species. In light of projected climate-

driven changes to global wind patterns, these links are critical for understanding future impacts of 

climate change on albatross populations in the Southern Ocean. 

 

Symposium 16 – Applications of genomics to seabird conservation 
October 8 14:15 – 16:15 UTC 

October 8 22:00 – 24:00 UTC 
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Assessing the capacity of Arctic seabirds to adapt to rapid environmental change 

Vicki Friesen¹, Bronwyn Harkness¹, Drew Sauve¹, Emma Lachance Linklater¹, Anna Tigano¹, Shannon 

Whelan², George Divoky³, Kyle Elliott², Marie-Josee Fortin⁴, Ryan Franckowiak¹, Tim Birt¹, Tony Gaston⁵, 

Grant Gilchrist⁵, Greg Robertson⁵ 

¹Queen's University, ²McGill University, ³Cooper Island Arctic Research, ⁴University of Toronto, 

⁵Environment and Climate Change Canada 

Arctic seabirds are facing multiple simultaneous direct and indirect threats from climate change, 

pollution, shipping and industrial development. Unsurprisingly, many populations are showing signs of 

stress, such as reduced reproductive success or declining numbers. Seabird populations can avoid 

extinction only through (1) phenotypic plasticity (individual changes in behaviour, morphology or 

physiology), (2) dispersal or (3) population genetic changes (microevolution). Current understanding of 

the capacity for seabirds to adapt through these three avenues is extremely poor but is critical to inform 

the difficult conservation and management decisions required to maintain viable Arctic seabird 

populations. New genomic methods, especially when combined with information on behaviour, 

physiology and ecology, provide powerful opportunities to determine the long-term sensitivities of 

Arctic seabirds to anthropogenic change. We are using genomic, behavioural and ecological data to 

estimate levels of phenotypic plasticity, dispersal and genetic variation for six Arctic Canada seabird 

species. Analysis of long-term demographic data for black guillemots (Cepphus grylle) indicates that 

individuals can adjust timing of egg laying according to snow melt. However quantitative genetic analysis 

of egg laying date suggests that they have little additive variation for adaptation in phenology. Analysis 

of genomic variation in guillemots using reduced-representation sequencing indicates that dispersal 

between breeding populations is limited by distance. Variation in genes related to disease immunity 

differs among some populations, and may decline at higher latitudes. In contrast, dispersal among 

colonies of thick-billed murres (Uria lomvia) appears to be sufficient to homogenize the population 

genetically. Genes related to disease immunity show high overall variation but little differentiation 

among colonies. Studies of four other species, and landscape-level analyses are underway. 

Demographic history, genetic structure and gene flow in the yelkouan shearwater Puffinus yelkouan 

across the Mediterranean Basin 

Karen Bourgeois¹, Marianick Juin², Anne Haguenauer³, Eric Vidal⁴, Alex Baumel⁵, Didier Aurelle⁵ 

¹Expertise Conservation des Oiseaux Marins et de la Biodiversité Insulaire, ²CNRS, ³Centre de Recherche 

Insulaire et Observatoire de l'Environnement (CRIOBE), ⁴Institut de Recherche pour le Développement, 

⁵Aix Marseille Université 

The yelkouan shearwater (Puffinus yelkouan) is a vulnerable seabird endemic to the Mediterranean 

Basin. Its confirmed distribution ranges from the French southeastern coastal islands to the North 

Aegean Sea. Some local yelkouan shearwater populations have gone extinct or contracted to remnants, 

mainly due to predation by introduced mammals. Considering the wide range of this species, a study of 

its genetic and population structure is of major interest for conservation. Moreover, the yelkouan and 

Balearic (P. mauretanicus) shearwaters have been elevated to the rank of distinct species 15 years ago, 

but hybridization occurs. Thus, there is a need to clarify relationships between the two Mediterranean 

endemic Puffinus species. We sampled almost the entire breeding range of the yelkouan shearwater 

and analyzed the genetic variation at one mtDNA locus and nine microsatellite loci. We aimed to clarify 

the relationships between the two species as well as to investigate patterns of genetic diversity 

structure, effective population size (Ne) and past demographic changes in the yelkouan shearwater. We 
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used coalescent methods to investigate past Ne changes. We found relatively low genetic variation and 

weak genetic structures in the yelkouan shearwater. Panmixia was suggested by both mtDNA and 

microsatellite data. Ne and demographic trends estimated by Extended Bayesian Skyline Plot analysis 

indicated a recent population size increase (starting ca 25 000 years (ka) before present (BP)). The time 

to the most recent common ancestor (TMRCA) was estimated at 30-205 ka BP in the yelkouan and 37-

293 ka BP in the Balearic shearwaters. TMRCA between the two species was estimated at 118-850 ka BP. 

The relative genetic homogeneity observed across populations of the yelkouan shearwater may be 

explained by a short isolation time, relatively recent population expansions and a relaxed philopatry. 

This does not support distinct conservation unit consideration for the species. 

Penguins phylogenomics: geographical origin, ancestral niche, diversification and adaptation 

Juliana Vianna¹, Flávia Fernandes², Henrique Figueiró³, Luis Pertierra⁴, Daly Noll¹, Ke Bi⁵, Cynthia Wang-

Claypool⁵, Andrew Lowther⁶, Patricia Parker⁷, Celine Le Bohec⁸, Francesco Bonadonna⁹, Barbara 

Wienecke¹⁰, Pierre Pistorius¹¹, Antje Steinfurth¹², Christopher Burridge¹, Gisele Dantas¹³, Elie Poulin¹⁴, 

Brian Simison¹⁵, Jim Henderson¹⁵, Eduardo Eizirik³, Mariana Nery², Rauri Bowie⁵ 

¹Pontificia Universidad Catolica de Chile, ²Universidade Estadual de Campinas, ³Pontificia Universidade 

Católica do Rio Grande do Sul, ⁴Museo Nacional de Ciencias Naturales, ⁵University of California, Berkeley, 

⁶Norwegian Polar Institute,, ⁷University of 

Penguins are flightless and diving seabirds, comprising around 18 species, with distribution from polar to 

tropical environments in the Southern Hemisphere. However, their history of diversification and 

adaptation to these diverse environments remains uncertain. A total of 22 genomes was employed from 

18 species to reconstruct the divergence time, ancestral distribution and evolutionary history of penguin 

diversification. We evaluated tracking changes in thermal niche through time and signal of selection 

across the genome. The penguin crowngroup originated during the Miocene in New Zealand and 

Australia, and not in Antarctica as previously thought. The Aptenodytes (Emperor and King penguins) 

was the first diverging clade, and we show that lineage diversification in penguins was driven by 

changing climatic conditions, and the establishment of the Antarctica Circumpolar Current. Changes in 

thermal niche were accompanied by adaptation in genes that govern thermoregulation and oxygen 

metabolism. Signature of introgression was widely detected between Eudyptes species (up to 25%) and 

lower degree for Spheniscus species (11%). Our reconstruction of changes in ancestral effective 

population sizes (Ne) are remarkably concordant across most penguin lineages, with higher Ne during 

the middle of the last glaciation (10-70 Kya) and steep decreases in Ne after the Last Glacial Maximum, 

likely related to an overall decline in marine productivity following the last glaciation. 

A new population assignment analysis tool using genomics data improves the impact assessment of 

fisheries bycatch on Atlantic northern fulmars 

Lila M Colston-Nepali¹, Katie Birchard², Jennifer Provencher³, Anna Tigano, Mark Mallory⁵, Jake Russell-

Mercier³, Gregory Robertson³, Vicki Friesen¹ 

¹Queen's University, ²Apex Resource Management Solutions, ³Environment and Climate Change Canada, 

⁴University of British Columbia, ⁵Acadia University 

Increasing human activities pose a major threat to Arctic species, with bycatch from industrial fishing 

expected to increase as fisheries move to Arctic regions. Species such as northern fulmars (Fulmarus 

glacialis) are particularly at risk, notably in the Northwest Atlantic Greenland Halibut fishery. Northern 

fulmars comprise the largest component of seabird bycatch in Arctic Canada, with hundreds of 
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individuals caught in the Baffin Bay-Davis Strait region alone. As northern fulmars are migratory and 

range across entire ocean basins, the colony of origin of individuals caught in bycatch is uncertain but 

has major implications for their conservation status. Previous genomic analyses using restriction site-

associated DNA sequencing (RADseq) suggested that northern fulmars taken in the Baffin Bay-Davis 

Strait Greenland Halibut fishery originate from Arctic Canada, but reliable assignment was limited to 

general regions and not colonies. Assignment was difficult due to low genetic differentiation between 

northern fulmar colonies (FST ≤ 0.01). However, advances in genomic analysis tools can provide insight 

by allowing population assignment of individuals to specific populations of origin, even in species with 

weak genetic structure. The new Python-based software package, pop_finder, uses neural networks to 

perform reliable population assignment using genomic data. We present the utility of pop_finder in 

conservation application, by demonstrating the significantly improved assignment results of northern 

fulmars caught in bycatch to their colony of origin. Assignment results suggest that several colonies 

within National Wildlife Areas (NWAs) on Baffin Island are particularly affected. Our results also highlight 

the use of population genetic assignment as an emerging possibility for other species with low 

population differentiation. 

Monitoring Common Tern diets with faecal DNA vs visual observations 

Gemma Clucas¹, Elizabeth Craig², Donald Lyons³, Linda Welch⁴, Paula Shannon³, Adrienne Kovach⁵, 

Stephen Kress³, Jennifer Seavey² 

¹Cornell University, ²Shoals Marine Laboratory, ³National Audubon Society, ⁴US Fish and Wildlife Service, 

⁵University of New Hampshire 

The Gulf of Maine is warming faster than 99% of the global ocean. Monitoring shifts in forage fish 

distributions is vital for understanding changes in seabird breeding success and for the sustainable 

management of the ecosystem. There are demonstrated links between the diets of Common Terns and 

shifts in Atlantic Herring abundance in the Gulf of Maine, making Common Terns suitable sentinels of 

ecosystem change. Yet, monitoring tern diets using visual observational techniques provides limited 

taxonomic resolution. For example, Atlantic Herring often cannot be distinguished from River Herring 

because they look highly similar. Here we show that collecting faecal samples from the clothes and hats 

of technicians working in Common Tern colonies is a "quick and dirty", yet highly useful method for 

monitoring adult tern diets when combined with DNA metabarcoding. Using this method, we were able 

to monitor the diets of adult terns for the first time throughout the breeding season. Chick diets can also 

be monitored if faecal samples are collected from chicks that defecate during banding or weighing. We 

show that diet data obtained from faecal samples versus data from observations gives highly similar 

estimates of the proportions of the main prey in the diet, suggesting faecal metabarcoding could be 

reliable for monitoring changes in the proportions of prey consumed. However, the faecal data also 

allowed many more prey species to be identified, allowing similar looking prey species to be 

distinguished and novel prey types to be picked up. We further examine the spatial variation in the diets 

of Common Terns throughout the Gulf of Maine and compare their diets to those of sympatrically 

breeding Roseate and Arctic terns. 

Metagenomic assessment of Cabo Verde seabirds' diet and its relation with sub-surface predators 

Ana Rita Carreiro¹, Vanessa Mata², Vítor Paiva¹, Teresa Militão³, Jacob González-Sólis³, Diana Matos¹, Ivo 

Sarmento¹, Isabel Rodrigues⁴, Nathalie Almeida⁴, Jaime Ramos¹, Ricardo Lopes² 

¹MARE - Marine and Environmental Sciences Centre, University of Coimbra, ²CIBIO, Centro de 
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Investigação em Biodiversidade e Recursos Genéticos, InBIO Laboratório Associado, U, ³Institut de 

Recerca de la Biodiversitat (IRBio) and Dept Biologia Evolutiva, E 

The study of trophic networks between seabirds, underwater predators and fish species of commercial 

interest is important for a sustainable management of fisheries and marine top predators. However, 

only recently, with the development of non-invasive and high-performance molecular techniques, it 

became possible to increase exponentially our knowledge of the prey diversity of seabirds and other top 

marine predators' diets in order to investigate predator-prey relationships. This has an enormous 

potential to study 'fisheries-conservation hotspots', such as those occurring off West Africa, where high 

rates of illegal, unregulated and unreported fisheries and seabirds' bycatch occur in one of the most 

productive marine areas in the world. Using innovative DNA high-throughput sequencing, we intend to 

1) unravel the diet composition of the seabird community in Cabo Verde, and 2) identify common prey 

between seabirds and predatory fish targeted by fisheries. First, we collected 20-80 faecal samples for 

each of the main seabird species Hydrobates jabejabe, Calonectris edwardsii, Bulweria bulwerii, Puffinus 

boydi, Phaethon aethereus and Sula leucogaster. Then, we tested for 1) interspecies differences in diet, 

especially 2) between the different ecological guilds (winter, summer and inter-annual breeders), and 

for 3) intersexual differences for species with a major sexual dimorphism. Simultaneously, we collected 

around 20 stomach samples for the main tuna species captured by Cabo Verde's fisheries, Katsuwonus 

pelamis, Thunnus obesus and T. albacares and quantified their diet overlap with seabirds. In the seabird 

samples, we identified 11 fish species from 8 different families, and one species of squid. Pelagic fishes 

were mostly detected in Pelecaniformes seabird samples, while benthopelagic and demersal species 

were detected mainly in Procellariformes. There were detected fish species of commercial interest, 

namely Exocoetus volitans and Decapterus macarellus, which were also the main prey of tunas. This 

suggests some degree of competishion for same food resources but also that these seabirds may profit 

from prey facilitation to surface by tuna. 

Studying seabird diet using DNA in faeces: lessons learned and future prospects 

Bruce Deagle¹, Julie McInnes², Simon Jarman³, Andrea Polanowski¹, Rachael Alderman¹, Mary-Anne Lea², 

Claire Waluda⁴, Norman Ratcliffe⁴, Michael Dunn⁴, Catherine Cavallo⁵, Andre Chiaradia⁶, Alix de Jersey¹, 

Louise Emmerson¹ 

¹Australian Antarctic Division, ²Institute for Marine and Antarctic Studies, ³University of Western 

Australia, ⁴British Antarctic Survey, ⁵Monash University, ⁶Phillip Island Nature Parks 

Documenting seabird diet is a key part of many ecological studies trying to determine mechanisms 

underlying seabird population size fluctuations and in predicting population responses to climate 

change. Seabird diet information is also used in long-term marine monitoring projects and is important 

for understanding seabird-fisheries interactions. DNA-based approaches for studying diet provide new 

opportunities to assess trophic interactions in marine systems and have a range of advantages and 

limitations compared to other methods. Here we discuss some of the lessons we have learned in studies 

applying these approaches to investigate seabird diet. In particular we consider practical aspects of 

DNA-based studies such as sample collection considerations, DNA barcode marker selection, 

comparability of datasets and the qualities of the recovered data. Based on this experience, we identify 

current challenges and future prospects for this exciting seabird research tool. 
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Rapid radiation of Southern Ocean shags in response to receding sea ice 

Nic Rawlence¹, Hamish Spencer¹, Martyn Kennedy¹ 

¹University of Otago 

Understanding how wild populations respond to climatic shifts is a fundamental goal of biological 

research in a fast-changing world. The Southern Ocean represents a fascinating system for assessing 

large-scale climate-driven biological change, as it contains extremely isolated island groups within a 

predominantly westerly, circumpolar wind and current system. The blue-eyed shags (Leucocarbo spp.) 

represent a paradoxical Southern Ocean seabird radiation; a circumpolar distribution implies strong 

dispersal capacity yet their speciose nature suggests local adaptation and isolation. Here we use 

mitochondrial and nuclear sequence data to conduct the first global genetic analysis of this group using 

a temporal phylogenetic framework to test for rapid speciation. Our analysis reveals remarkably shallow 

evolutionary histories among island-endemic lineages, consistent with a recent high-latitude 

circumpolar radiation. This rapid sub-Antarctic expansion contrasts with significantly deeper lineages 

detected in more temperate regions such as South America and New Zealand that may have acted as 

glacial refugia. The dynamic history of high-latitude expansions is further supported by ancestral 

demographic and biogeographic reconstructions. The circumpolar distribution of blue-eyed shags, and 

their highly dynamic evolutionary history, potentially make Leucocarbo a strong sentinel of past and 

ongoing Southern Ocean ecosystem change given their sensitivity to climatic and anthropogenic 

impacts. 

Metapopulation connectivity retains genetic diversity following historical bottleneck in a federally 

endangered seabird 

Jacob Dayton¹, Patricia Szczys² 

¹Tufts University, ²Eastern Connecticut State University 

Despite intensive management since the 1970s, recovery of the endangered northwestern Atlantic 

population of the Roseate Tern (Sterna dougallii dougallii) has not offset low productivity from a female-

biased sex ratio, low adult survival, and habitat constriction. Now, >90% of individuals breed at three 

sites within 200 km from New York to Massachusetts, USA (warm-water subregion). To characterize the 

impact of historical bottlenecks, metapopulation structure, and demographic fluctuations on genetic 

variation, Roseate Terns from the warm-water (1870s, 1970s, 1997, 2016) and cold-water (Nova Scotia, 

CAN; 2018) subregions were genotyped at 8-16 microsatellites and two-three mitochondrial regions. 

Diversity declined in the warm-water subregion from the 1870s (HE=0.44, AR=2.86) and 1970s (HE=0.53, 

AR=3.25) to 1997 (HE=0.38, AR=2.58). Genetic signatures of bottlenecks persisted in 1997 (P=<0.001-

0.003) and 2016 (P=<0.001-0.005), despite the increase in variation by 2016 (HE=0.50, AR=2.85). Weak 

structure was detected between contemporary warm- and cold-water subregions (θ=0.06) and within 

the warm-water subregion (θ=0.04). Both demographic (Nef=3439-3821) and genetic (Nec=3040) 

estimates suggested effective population size stability over the last 100 years, despite large fluctuations 

in census size (4000-8662). Results suggest that 50 years of management (restoring habitat, preventing 

gull encroachment, controlling predators) at colony sites supported a small, stable Ne and maintained a 

hierarchical metapopulation that allowed gene flow to redistribute genetic variation throughout the NW 

Atlantic. The metapopulation remains highly vulnerable to stochastic events but harbors resiliency and 

redundancy through gene flow and a stable Ne. For long-term persistence from a genetic perspective, 

managers must maintain the major source colonies, increase availability of high-quality peripheral 

breeding sites, and protect concentrated non-breeding sites that facilitate gene flow. 
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Population genetic structure of red-faced and pelagic cormorants in the Aleutian and Pribilof Islands 

Dustin Carl¹, Douglas Causey¹ 

¹University of Alaska Anchorage 

Recent local declines in population numbers of Red-faced (Phalacrocorax urile) have prompted 

increasing attention on understanding the possible factors affecting the breeding success and ecological 

correlates of population distribution and abundance. Rapid and severe regional declines of Red-faced 

Cormorants, particularly in the Western Aleutian Islands and the Pribilof Islands, have prompted its 

designation as a Priority Species by USFWS Region 7. Although Red-faced Cormorants have a widespread 

distribution and are sometimes locally abundant, little is known about the population dynamics of this 

species, and whether they have an ecological or genetic metapopulation structure. They are assumed to 

have a low dispersal rate, which can significantly structure geographically separated populations. 

Peripheral populations are more likely to be genetically distinct from populations nearer to the center of 

a species distribution due to the limited dispersal options for birds on the periphery. This is especially 

true for a species like Red-faced Cormorants with a geographic range that is latitudinally compressed. 

We used 1893 double-digest restriction-associated DNA sequences (ddRADseq) to investigate 

population genetic structure of Red-faced Cormorants in western Aleutian Islands and St. Paul Island 

(Pribilof Island chain) and found significant differentiation between these populations. The results of this 

study will help determine if separate populations of these species are distinct to the point that they 

need to be managed as discrete conservation units, in order to best preserve genetic diversity at the 

species level. This information can impact the conservation and management implications of the Red-

faced Cormorant in the U.S. Fish and Wildlife Alaska Maritime Refuge. 

Identifying mechanisms of genetic differentiation among populations in vagile species: historical 

factors dominate genetic differentiation in seabirds 

Anicee Lombal¹, James O'Dwyer², Eric Woehler¹, Vicki Friesen³, Christopher Burridge¹ 

¹University of Tasmania, ²LaTrobe University, ³Queen's University 

Elucidating the factors underlying the origin and maintenance of genetic variation among populations is 

crucial for our understanding of their ecology and evolution, and also to help identify conservation 

priorities. While intrinsic movement has been hypothesized as the major determinant of population 

genetic structuring in abundant vagile species, growing evidence indicates that vagility does not always 

predict genetic differentiation. However, identifying the determinants of genetic structuring can be 

challenging, and these are largely unknown for most vagile species. Although, in principle, levels of gene 

flow can be inferred from neutral allele frequency divergence among populations, underlying 

assumptions may be unrealistic. Moreover, molecular studies have suggested that contemporary gene 

flow has often not overridden historical influences on population genetic structure, which indicates 

potential inadequacies of any interpretations that fail to consider the influences of history in shaping 

that structure. In this study, we report an exhaustive review of the theoretical and empirical literature 

that investigates the determinants of population genetic differentiation using seabirds as a model 

system for vagile taxa. Seabirds provide a tractable group within which to identify the determinants of 

genetic differentiation, given their widespread distribution in marine habitats and an abundance of 

ecological and genetic studies conducted on this group. In this review, we evaluated mitochondrial DNA 

(mtDNA) variation in 73 seabird species. Lack of mutation-drift equilibrium observed in 19% of species 

coincided with lower estimates of genetic differentiation, suggesting that dynamic demographic 

histories can commonly lead to erroneous interpretations of contemporary gene flow, even in vagile 
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species. Presence of land across the sampling range of species, or sampling of breeding colonies 

representing ice-free Pleistocene refuge zones, appear associated with genetic differentiation in Tropical 

and Southern Temperate species, respectively, indicating that long-term barriers and persistence of 

populations are important for their genetic structuring. Conversely, biotic 

 

Symposium 17 – The threat of marine debris to seabirds: Disentangling the demonstrated 

from the perceived 
October 8 22:00 – 24:00 UTC 

How to measure impact? New methods for describing the visible and hidden impacts of plastic 

pollution 

Peter Puskic¹, Jennifer Lavers¹, Andrew Bridle¹, Alexander Bond² 

¹Institute for Marine and Antarctic Studies, University of Tasmania, ²The Natural History Museum 

The increasing scale of the marine plastic pollution issue has received global attention from government 

and public groups, largely due to the documentation of negative interactions between wildlife and 

debris. Much of this work focuses on the visible effects of plastic pollution on wildlife, such as the 

entanglement of animals. Ingestion of plastics is a less obvious impact, infiltrating marine life across all 

trophic levels, though the impacts documented by research are often limited to those impacts which are 

visible (e.g. perforation to the stomach lining). Research in this space is now shifting towards 

understanding the hidden or 'sub-lethal' impacts of plastic ingestion, such as reduced body condition 

and increased chemical burden. To address this need, we applied a series of lab-based tools to explore 

the impact of plastic ingestion on Australian shearwaters. These birds ingest a considerable quantity of 

marine debris, often impacting the survival and development of chicks who have been fed plastic via the 

parent birds. We explored the use of histopathology to determine tissue damage on the stomach and 

kidneys of young birds in relation to the number and mass of plastic items ingested by these individuals. 

We documented large necrotic areas on the stomach of shearwaters which had ingested high quantities 

of plastics. In birds without grossly visible effects of plastics, we documented a cell response to 

microplastic particles in the formation of granulomas and high concentration of melanin cells around the 

effected area of the stomach. Despite research of sub-lethal impacts developing a large presence in the 

pollution research space, we still lack a detailed understanding of what sub-lethal effects even small 

amounts of plastics may have on animal health. 

Ingestion of plastics by seabirds and its potential effects 

Yutaka Watanuki¹, Naya Sena¹, Kosuke Tanaka¹, Ishizuka Mayumi¹, Rei Yamashita², Mami Kazama¹, Shiho 

Koyama³, Ken Yoda³, Hideshige Takada⁴ 

¹Hokkaido University, ²The University of Tokyo, ³Nagoya University, ⁴Tokyo University of Agriculture and 

Technology 

The occurrence of plastic ingestion by marine birds is increasing since 1960's, so its impact has been a 

concern. Plastics in their digestive tract may block or injure or occupy the space of digestive tract and 

hence deteriorate their digestive ability, and may work as vectors of pollutants (POPs) into the bird's 

tissue. To better understand the effects of plastic ingestion on the growing chicks, we carried out dose-

response experiment using streaked shearwaters (Calonectris leucomelas) in the field. In 2017, 0.4g 

plastic pellets (ca. 5mm in size) were fed to 37-day-age (around 500g body mass) chicks. Birds were 
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euthanized on 15-16 days from the dose or on age of around fledgling. Almost all pellets were remained 

in the gizzard. In 2020, 2 - 4g plastic pellets were fed. Parents of experimental and control groups raised 

chicks successfully. All chicks grew normally and no significant effects on the growth (mass and size) 

were detected in both years. In 2017 experiments accumulation of plastic-derived chemicals in seabird 

tissues was observed. Thus direct effects of ingestion of plastics up to 1% of body mass on growing 

chicks were not observed but further experimental study, including exploration of physiological effects, 

has to be carried out. The experiments were approved by Animal Ethics Committee of Hokkaido 

University. 

Plastic connectivity: disentangling the problem of plastic pollution for pelagic seabirds 

Bethany Clark¹, Ana Carneiro¹, Elizabeth Pearmain¹, Thomas Clay², Richard Phillips³, Andrea Manica⁴, 

Marie-Morgane Rouyer⁵, Win Cowger⁶, Marcus Eriksen⁷, Carolina Hazin¹, Maria Dias¹ 

¹BirdLife International, ²University of California Santa Cruz, ³British Antarctic Survey, ⁴University of 

Cambridge, ⁵CEFE, Univ Montpellier, CNRS, EPHE, IRD, ⁶University of California, Riverside, ⁷Five Gyres 

Institute 

Plastic pollution is widely regarded as a major threat to ocean ecosystems. An increasing number of 

studies show that seabirds frequently ingest plastics, but the drivers of variation in ingestion rates 

among and within populations and species are not well understood. Vulnerability to plastic pollution will 

depend on foraging method, diet, and spatial overlap of foraging areas with plastic debris in the oceans. 

Small pelagic species such as gadfly petrels and storm-petrels, which are among the most threatened 

groups of seabirds, show higher incidence of plastic ingestion - likely due to their gut anatomy, diet and 

their propensity to forage in ocean gyres, where surface plastics accumulate. Until recently, relatively 

little was known about the foraging ecology and at-sea distribution of these species, but with 

miniaturised tracking devices, we now have more detailed information on their movements. In this 

study, we use predictive models of plastic debris distributions (based on ocean circulation) along with 

analyses of the extensive tracking data held in the Seabird Tracking Database to map the spatial overlap 

(and therefore potential risk) of plastic encounter by small pelagic seabirds. Our analysis highlights the 

populations, species, seasons and regions for which there is greatest exposure to plastic pollution. 

Ultimately, our study provides a robust, evidence-based assessment of the problem of plastic pollution 

for pelagic seabirds, and should lead to increased understanding of the conservation needs of these 

cryptic, highly threatened species. 

Seabirds and plastic pollution in the Russian seas - first national review on the problem 

Maria Gavrilo¹, Ekaterina Tolmacheva², Larisa Zelenskaya³, Yuri Artyukhin⁴, Yulia Bublichenko⁵, Uliana 

Babiy⁶, Yulia Bogomolova⁷, Alexander Cherenkov⁸, Elena Golubova³, Dmitry Pilipenko⁹, Olga 

Prokopenko³, Vladimir Semashko¹⁰, Irina Utekhina¹¹, Grigory Tertitskiy¹², Eugene Syroechkovskiy¹³ 

¹Association Maritime Heritage, ²Kandalaksha State Nature Reserve, ³Institute for Biological Problems of 

the North RAS, ⁴Pacific Institute for Geography RAS, ⁵Saint-Petersburg Scientific Centre of RAS, ⁶Wrangel 

State Nature Reserve, ⁷Nenets State Nature R 

Plastic pollution of the World Ocean is widely recognized major and increasing threat to the marine 

environment, and the seabirds are among the most affected groups of marine biota. Recent studies 

revealed global distribution of plastic, both macro- and micro-plastics, including most remote areas of 

the Arctic Ocean. Several recently published papers summarized information on the plastic and seabirds 

in the Arctic and adjacent areas, and emphasized poor coverage of the topic and lack of the data. Russia 
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is washed by 12 seas and has longest sea shores inhabited by globally important populations of seabirds, 

but information about plastic pollution in the Russian waters, especially in relation to marine birds and 

their habitats is virtually absent. Here we present first national overview summarizing information on 

plastic pollution of the coastal habitats of marine birds and their interaction with plastic debris and 

microplastic. Our review covers Russian Arctic and seas from the Baltic Sea to and Far East seas. Plastic 

debris presents in coastal habitats of all studied seas including shores of the most remote high-arctic 

islands. Data on entanglement or plastic incorporation into the nests of marine birds, collected through 

interviews and dedicated surveys, are summarized and mapped. The most impacted nesting colonies 

and affected species are highlighted. All available data on digestion of the plastic particles observed in 

the Russian seas are compiled. Geographical patterns and possible sources of plastic in seabird habitats 

are discussed. Possibilities and scopes of further studies and monitoring of the plastic impact on marine 

birds as well as use of seabirds as fro monitoring of plastic pollution in Russian seas as part of the 

circumpolar / global monitoring schemes are assessed. The work is partly supported by AMBI / CAFF 

project Plastics and Seabirds: Habitat mitigation and Russian-Norwegian project MALINOR. 

The ubiquity of plasticizers in Australian seabirds 

Britta Denise Hardesty¹, Chris Wilcox¹ 

¹CSIRO 

Plastic in the marine environment and the associated potential impact on wildlife has become a global 

issue of concern. However, the lack of a non-destructive method for assessing plastics ingestion in 

marine species has been a significant hurdle to evaluating this issue. Using a recently-developed 

approach to assess plastic ingestion based on its breakdown products in fatty tissue, we compared the 

presence of plasticizers detected in the uropygial (preening) gland for 9 seabird species (N=207 

individuals) at multiple breeding colonies around Australia. The species were widely distributed 

geographically and represented taxa with multiple foraging strategies. Overall, 85% (n=176) of 

individuals sampled had quantifiable amounts of phthalates in their preen glandoil, demonstrating the 

ubiquity of plastic ingestion in seabirds. We tested for the plasticizers dibutylphthalate (DBP) and 

diethylhexilphthate (DEHP), and found 158 and 153 individuals (respectively) tested positive for these 

plasticizers, with significant differences in amounts of phthalates detected among species. This non-

invasive tool shows great promise for assessing the frequency and quantity of plastics ingested by 

marine avifauna, and can provide a critical tool for investigating the relationships between plastic 

ingestion and individual and population level impacts. 

Sub-lethal health effects of plastic ingestion in seabirds: Disentangling the demonstrated from the 

perceived 

Lauren Roman¹, Britta Denise Hardesty¹, Chris Wilcox¹ 

¹CSIRO 

As bite-sized plastics increasingly invade our oceans, the past decade has seen a rise in studies seeking 

to understand how plastic ingestion affects the health of wildlife. Seabirds are well represented among 

plastic-ingesting taxa; with 44% of 409 species currently recorded to ingest plastic, a figure predicted to 

increase to 99% of species by 2050. Tubenoses (Procellariiformes) are especially well known for plastic-

eating behaviour; 63.2% of 144 species are currently known to ingest plastic, with frequencies of up to 

100% of individuals in some populations. Though scientists perceive hundreds of health impacts of 

plastic ingestion on vertebrate animals, few studies find lethal outcomes and research attention has 
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shifted to identifying sub-lethal effects. Sub-lethal health concerns include both physical effects on 

nutrition, damage to the gut, gut dysbiosis; and chemical or toxicological effects from exposure to 

plastic-associated (additive and adsorbed) metals and hydrophobic organic chemicals, including toxicity 

and endocrine disruption. Evidence for statistically significant plastic-associated effects is well-

supported, but how many of these effects have demonstrated evidence for health consequences at an 

organism level or an ecologically relevant scale? Does the ingestion of non-lethal plastic loads cause 

widespread health consequences for individuals and populations? Is ingestion of plastic no different to 

ingestion of naturally occurring indigestible items? Or does the evidence lie in a middle ground 

somewhere between these oft argued extremities. Here we summarise the current state of knowledge 

of sub-lethal health effects of plastic ingestion in seabirds. We argue that multiple potential pathways 

between plastic and the measured effect, over-interpretation, exposure concentration and confounding 

at the root of the disagreement between scientists. We recommend learning from more established 

fields such as toxicology to establish good practice for reporting on sub-lethal health effects of plastic 

ingestion in seabirds, with the aim of transparently presenting evidence in a format which disentangles 

the demonstrated from the perceived. 
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Individual Paper Sessions 

Foraging Ecology I 
Seabird's pulsed abundance modulates breeding season ecology and mercury exposure of a highly 

associated bird of prey 

Ulises Balza¹, Nicolás Lois², Klemens Pütz³, Michael Polito⁴, Rebecka Brasso⁵, Andrea Raya-Rey¹ 

¹Centro Austral de Investigaciones Científicas (CADIC-CONICET), ²Instituto de Ecología, Genética y 

Evolución de Buenos Aires (IEGEBA-CONICET), ³Antarctic Research Trust, ⁴Louisiana State University, 

⁵Weber State University 

The massive concentration of seabirds in small terrestrial habitats for breeding can encompass a pulsed, 

predictable, and high-quality feeding resource for terrestrial predators. The Striated caracara 

(Phalcoboenus australis) is a globally Near Threatened raptor specialized in the exploitation of seabird 

colonies during breeding season. In a 4 Km2 bay in Isla de los Estados, Argentina, near 300,000 seabirds 

breed between September and late March. In order to understand the level of dietary dependence on 

local marine resources, we examined breeding behavior and intra-specific variation in the trophic niche 

of caracaras during breeding season using stable isotope and pellet analysis. All nests of caracaras were 

associated mainly with the rockhopper penguin (Eudyptes chrysocome) colony on the island. Isotopic 

niche varied with, age, breeding status, and, year, but in all cases over 75% of their diet came from 

seabird colonies. Pellet analysis showed a similar pattern, with down feathers, feathers and eggs of 

penguins present in over 80% of the samples. Mercury (Hg) analysis in feathers suggest high levels of 

contamination, with adult feathers averaging over 26 mg/kg. Rockhopper penguins have been reported 

to present high levels of Hg in the area, thus this high dependence of caracaras on penguin prey 

represents a higher vulnerability for this caracara population. Overall, seabirds, and especially 

rockhopper penguins, appears to modulate trophic ecology and mercury exposure of its main terrestrial 

predator. 

Dividing the pie: the use of trophic resource by four sympatric species of cormorants in a saltwater 

estuary from Southern Patagonia 

Annick Morgenthaler¹, Ana Millones¹, Patricia Gandini², Esteban Frere² 

¹Centro de Investigaciones de Puerto Deseado, Universidad Nacional de la Patagonia Austral, ²Centro de 

Investigaciones de Puerto Deseado, Universidad Nacional de la Patagonia Austral, and CONIC 

The theory of competitive exclusion predicts that, when the resources are limited, species with similar 

trophic requirements can only coexist if there are differences in some dimensions of their ecological 

niche. The estuary of Ría Deseado, in Argentina, is one of the few places in the world where four species 

of cormorants coexist: the Red-legged cormorant (Poikilocarbo gaimardi), the Rock shag (Leucocarbo 

magellanicus), the Imperial shag (L. atriceps) and the Neotropic cormorant (Nannopterum brasiliensis). 

To determine possible interspecific differences in one or more of their niche dimensions related to the 

use of resources during the breeding season, we studied the dietary (pellets), isotopic (stable isotope), 

spatial (foraging areas) and temporal (breeding calendar) dimensions of the trophic niche of these four 

sympatric species, between 2009 and 2013. We found that the Red-legged cormorant was located at a 

low trophic level; he fed almost exclusively on pelagic prey and segregated its core feeding areas from 

other species. The Rock shag was located at a high trophic level and presented the most benthic and 

diverse diet, including several invertebrate taxa. The Neotropic cormorant was situated at a similar 

trophic level as the Rock shag, with which it overlapped its isotopic niche, as well as its core feeding 
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areas. The Neotropic cormorant fed only on fishes. Finally, the Imperial cormorant segregated 

isotopically, spatially and temporarily from the other species. Its trophic level was situated in between 

the Red-legged and the Rock-Neotropic group. Regarding the breeding calendar, the Neotropic 

cormorant was the most asynchronous species, and the one that presented the latest chick-rearing 

peak. In general, the four species showed a partition of the use of their resources despite occupying a 

rather restricted geographical space. The observed differences possibly act by reducing competition 

during the reproductive period when birds are restricted to exploit resources within a limited area. The 

multidimensional approach to study the use of the trophic resources of these four species allowed us to 

find that the degree of interspecific segregation varied according to the dimension examined. 

Non-breeding niche overlap of three North Atlantic alcid species 

Emily Runnells¹, Gail Davoren¹ 

¹University of Manitoba 

Although our understanding of the foraging ecology of adult seabirds has been greatly enhanced by the 

development of biochemical analyses as well as the miniaturization of tracking devices, there remains 

limited information on important foraging areas during the non-breeding season. Even less is known 

about the spatial and dietary overlap of seabird species during the non-breeding season, which could 

lead to interspecific competition during low productivity winter conditions. We aimed to quantify spatial 

niche overlap among Common Murres (Uria aalge), Razorbills (Alca torda), and Atlantic Puffins 

(Fratercula arctica) outside the breeding season. Using data from geolocators deployed on puffins, 

razorbills, and murres during July 2019 and 2020 in coastal Newfoundland and retrieved the following 

summers, we developed kernel density maps throughout the non-breeding period in both years. 

Seasonal utilization distributions of each alcid species indicate low spatial overlap during most months in 

the non-breeding period, with exceptions in early fall, and for some puffins that overlapped with 

razorbills along the North American coast. Our next steps will combine these spatial analyses with 

exploration of isotopic niche overlap, using bulk and compound-specific stable isotope analysis of 

feathers grown during different parts of the non-breeding season. Elucidating the overwintering overlap 

along spatial and isotopic niche axes for these three alcid species increases our understanding of 

potential interspecific interactions during a formerly understudied phase of the annual cycle, thereby 

enhancing our ability to predict seabird responses to varying environmental conditions. 

Sex, prey capture rates, and the bioenergetics of foraging in the northern gannet 

Ashley Bennison¹, Joan Giménez¹, John Quinn¹, Mark Jessopp¹ 

¹University College Cork 

Many animal species show sexually divergent foraging behaviours reflecting different physiological 

constraints or energetic needs. However, the mechanism behind these observed differences is often 

poorly understood. Here we investigate fine-scale sex-based differences in foraging behaviour of a 

sexually monomorphic seabird, the northern gannet using a bioenergetics approach. We tracked 12 

gannets using a combination of GPS and accelerometer loggers during the breeding season. Measures of 

dynamic body acceleration were converted to kilojoules to quantify foraging costs in relation to energy 

intake from diet. Male gannets were lighter than female gannets, and dive rate was lower in males than 

females. However, sex differences in dive energetics were relatively minor, male plunge dives were 

energetically cheaper, while male pursuit dives were energetically more expensive than for females. 

Stable isotope analysis of blood samples was used to model individuals' diet through Bayesian mixing 
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models, which informed average kilojoule intake values from successful prey capture attempts. We then 

calculated minimum prey capture success rates to sustain movement, maintain body condition, and 

provision chicks during a foraging trip. While there were no obvious differences in calorific intake 

between the sexes, males had higher minimum prey capture success rates and due to the lower number 

of dives performed, must be 14% more successful than females when engaging in prey capture 

attempts. Our study suggests that sex-specific differences in foraging can be mediated by differences in 

prey capture, and that these differences may be more nuanced and widespread than previously 

thought. 

The largest colony in the smallest kingdom of the world: the tale of Yelkouan shearwaters from 

Tavolara island (Italy) 

Marco Zenatello¹, Francesco Pezzo¹, Giulia Cerritelli², Augusto Navone³, Dimitri Giunchi², Giovanna 

Spano³, Enrica Pollonara², Alessandro Massolo², Anna Gagliardo², Nicola Baccetti¹ 

¹ISPRA (Italian Institute for Environmental Protection and Research), ²University of Pisa, ³Marine 

Protected Area Tavolara - Punta Coda Cavallo 

The Yelkouan Shearwater (Puffinus yelkouan) is a Mediterranean endemism, classified as Vulnerable 

following its decreasing population trend. Between 27-60% of the 21-36,000 pairs estimated at the 

global level breed at a single site of ca. 6 sqkm, the island of Tavolara (Italy 40°54'N 09°42'E). GPS 

tracking of 22 adults (60 tracks) during the 2011-2015 breeding seasons describe a trans-national 

foraging range which stretches across the NW Mediterranean Sea, between the western coast of 

Sardinia island, Italy (39°50'N 08°13'E) and the Gulf of Lion, France (43°00'N 03°40'E). Within this wide 

area, core foraging clusters obtained from tracks during incubation (N=44) and chick-rearing (N=16) 

overlap areas of primary productivity blooms, which in the Mediterranean typically lie in coastal areas 

close to river estuaries. In particular, the Gulf of Lion (Rhone river mouth) represents the final 

destination of all trips during chick-rearing. The Mediterranean sea is featured by a generally low 

primary production and estuaries represent seasonally-predictable productivity hotspots during boreal 

spring and summer. Foraging trips entail long-distance flights lasting up to 10 days, and their duration 

increases during the breeding season (median value during incubation 2.0 days, vs 6.5 days during chick 

growth), when food requirements are at their maximum and areas rich of food are far from the colony 

and very localised. 

Friendly neighbours and plastic behaviours: comparative foraging ecology of Wedge-tailed 

Shearwaters (Ardenna pacifica) breeding in the tropical western Indian Ocean 

Danielle Keys¹, Pierre Pistorius¹, Matthieu Le Corre², Ryan Daly³ 

¹DST/NRF Centre of Excellence at the Percy FitzPatrick Institute, Nelson Mandela University, Departme, 

²Laboratory of Marine Ecology (ECOMAR), University of La Réunion, ³Save Our Seas Foundation 

Wedge-tailed Shearwaters (WTS) are one of the most abundant seabird species breeding in the western 

Indian Ocean, thus intra-specific competition is expected to be high, especially between neighbouring 

colonies. Here we examined the foraging ecology of incubating WTS from Réunion Island as well as 

D'Arros and Fouquet Island, two neighbouring Islands in Seychelles. We aimed to (1) map the foraging 

distribution of WTS and relate them to abiotic factors, (2) compare the flight characteristics of the three 

colonies and lastly, (3) assess the potential spatial segregation and/or overlap between neighbouring 

colonies. Birds were equipped with GPS loggers and foraging distributions were calculated using Fixed 

kernel utilization distributions. Variability in foraging behaviour (i.e. foraging plasticity) at sea was 
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illustrated in the different flight characteristics of WTS from different colonies. Foraging plasticity was 

mainly observed in the WTS flight bearing, flight duration and the maximum distance travelled from the 

colony. Shearwaters displayed dissimilar levels of site fidelity at each site and were faithfully observed 

foraging in one direction from Réunion but were observed foraging in various directions from 

Seychelles. Foraging effort between shearwaters from Fouquet and Réunion was also significantly lower 

with shearwaters from Fouquet spending less time at sea and foraged closer to their colony. There were 

no significant differences in flight characteristics between neighbouring colonies in Seychelles and it is 

possible that the colonies are acting as sub-colonies of an individual breeding site since they are only 

separated by a narrow channel. These behavioural differences between colonies suggests a high level of 

behavioural plasticity which is likely to benefit the species when needing to adjust to expected future 

environmental changes. 

Foraging movements of breeding Kelp Gulls in South Africa 

Katharina Reusch¹, Nicolás Suárez², Peter Ryan³, Lorien Pichegru¹ 

¹Nelson Mandela University, ²Centro para el Estudio de Sistemas Marinos, CCT CENPAT-CONICET, 

³FitzPatrick Institute of African Ornithology, University of Cape Town 

Kelp Gulls Larus dominicanus are one of the most abundant gulls in the Southern Hemisphere and can 

play an important role in their ecosystem. Understanding their foraging ecology is therefore important, 

especially in the context of anthropogenic changes of the environment. Over 35,000 Kelp Gulls breed in 

South Africa but little is known about their habitat use. It has been hypothesised that foraging mainly 

occurs in natural habitats while provisioning chicks to ensure high quality food, but knowledge on their 

foraging ecology during the incubation period remains poor. We tracked incubating Kelp Gulls from six 

colonies distributed along the coast of South Africa, varying in their distance to urban areas and landfills, 

and compared foraging trip patterns and habitat selection between colonies. Gulls from west coast 

colonies, generally located further from landfills than the other studied colonies, travelled farther from 

their breeding sites (11.7 ± 9.9-17.8 ± 21.7 km, n = 3 colonies) than birds from Cape Town and south and 

east coast colonies (1.7 ± 0.8-3.1 ± 3.7 km, n = 3) with birds travelling farthest when foraging at sea. Gulls 

from all colonies spent more time foraging in marine, coastal, and natural terrestrial environments than 

scavenging in strongly modified habitats while incubating. Our results suggest that Kelp Gulls in South 

Africa are able to exploit various resources from different foraging habitats, regardless of colony 

location and seem to rely less on anthropogenic habitats than expected. 

 

Tracking I 
Winter ground segregation between two neighboring breeding penguins 

melina barrionuevo¹, Annick Morgenthaler², Ana Millones², Nahuel Marchisio¹, Esteban Frere¹ 

¹UNPA-CONICET, ²UNPA 

Knowledge of the dispersion of seabirds during migration may provide information on predictable 

foraging areas, potential overlap with human activities and target conservation zones. The aim of this 

study was to analyze spatial distribution of Southern rockhoppers penguins -RP- (Eudyptes chrysocome 

chrysocome) and Magellanic penguins -MP- (Spheniscus magellanicus) during migration. We used 

geolocators (MK3 & MK4) to study migration movements of 10 RP breeding at Isla Pingüino (47°54'S; 

65°43'W) and 20 MP breeding at Isla Quiroga (47°45'S, 65°53°W), Argentina, during 2019. We found that 
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both male and female RP moved north, reaching the northern Uruguayan coast (32°30'), but southward, 

males traveled farther than females, reaching latitudes as far south as the Antarctic ocean. Males spend 

33% of their time, while females only spend 7% of their time south of their breeding colony. Males 

dispersed more than females: latitudinal length (distance between northernmost and southernmost 

points) was 2250 km for females and 3250 km for males, and area according to the 50% Kernel density 

contour was threefold larger for males than for females. Males traveled farther offshore than females 

(190 km males vs. 145 km females) and spent more time in colder waters than females. Migration 

movements of MP have been described previously and were similar to RP female dispersion, but very 

different from RP males distribution. Latitudinal length for PM was 2100 km and they used warmer 

waters than RP. Area overlap (50% Kernel contour) between RP and MP was about 40-60% during April-

May; 30% in June-July and no overlap in August. Female RP were exclusively responsible for these 

shared areas because male RP were farther south and farther offshore, even beyond the continental 

shelf. Different diets and breeding schedules might be responsible for the segregation between species. 

This study shows sexual segregation in RP at latitudinal and longitudinal levels, and an overlap between 

MP and female RP winter areas. 

Identification and protection of a seabird cafe in the NE Atlantic 

Tammy Davies¹, Ana Carneiro¹, Maria Dias¹ 

¹BirdLife International 

Seabirds are one of the most threatened groups of birds globally, and many seabird populations are 

experiencing severe declines. This is true in the Atlantic ocean where many seabird populations have 

undergone widespread breeding failures, highlighting the need for conservation action in this region. 

Identifying sites suitable for protection is one approach for seabird conservation. While breeding 

colonies are generally well protected across European countries, there remains a gap for important non-

breeding and foraging sites. We analysed all available seabird tracking data for the Northeast Atlantic 

(www.seabirdtracking.org). This totaled 2,188 tracked individuals from 23 species, from 105 colonies 

across 11 countries in both the North and South Atlantic. We followed standardized methods of 

identifying marine hotspots based on tracking data and information on population abundance, in 

collaboration with more than 60 from researchers and data holders. We identified a seabird diversity 

and abundance hotspot in the middle of the North Atlantic, which was previously unknown. This area is 

an important pelagic foraging ground for at least 22 seabird species, including 7 globally or regionally 

threatened species. The area is particular important for migratory seabird species, with the highest 

concentrations occurring during the winter period (October-March) with up to 5 million individuals using 

the area. The spring summer period (April-September) saw the highest number of species using the area 

(n=21) and also saw large numbers of birds (up to 3.3 million), many as a stopover during trans-

equatorial migrations. Protection of this 'seabird cafe' comes under the remit of the Regional Seas 

Convention for the North East Atlantic (OSPAR), who are considering the site as a marine protected 

area. Protection of this site would require collaboration between all OSPAR parties, as well as 

competent authorities operating in the region. 

Long-term tracking of an Arctic-breeding seabird indicates high fidelity for pelagic wintering areas 

Don-Jean Léandri-Breton¹, Kyle Elliott¹, Pierre Legagneux², Børge Moe³, Olivier Chastel⁴, Arnaud 

Tarroux⁵, Frédéric Angelier⁴, William Jouanneau⁴, Pierre Blévin⁶, Per Fauchald⁵, Sabrina Tartu⁴, Aurélie 

Goutte⁷, Vegard Sandøy Bråthen⁵ 

¹McGill University, ²Université Laval, ³Norwegian Institute for Nature Research (NINA), ⁴Centre d'Études 
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Biologiques de Chizé (CEBC-CNRS) & Université de La Rochelle, ⁵Norwegian Institute for Nature Research, 

⁶Akvaplan-NIVA, ⁷École Pratique des Hautes Étu 

In marine systems, resources are patchy and scattered over large spatial scales so that top predators like 

seabirds often rely on specific higher quality foraging zones (e.g. shelf edges, upwellings) that are 

predictable over years. Site fidelity is driven by predictable resource distributions in time and space. 

However, intrinsic factors related to the individual's physiology and life-history traits can contribute to 

consistent foraging behaviour and movement patterns. Using 11 years of continuous geolocation 

tracking data (fall 2008 to spring 2019), we investigated spatiotemporal consistency in non-breeding 

movements in a pelagic seabird population of black-legged kittiwake (Rissa tridactyla) breeding in the 

High Arctic (Svalbard). Our objective was to assess the relative importance of spatial versus temporal 

repeatability behind inter-annual movement consistency during winter. Most kittiwakes used pelagic 

regions of the western North Atlantic. Winter site fidelity was high both within and across individuals 

and at meso (100-1000 km) and macro scales (>1000 km), including over deep-water areas far from 

continental shelves. Spatial consistency in non-breeding movement was higher within than among 

individuals, suggesting that site fidelity might emerge from individuals' memory to return to locations 

with predictable resource availability. Consistency was also stronger in space than in time, suggesting 

that it was driven by consistent resource pulses that may vary in time more so than in space. 

Specialization for key wintering areas can indicate vulnerability to environmental perturbations, with 

winter survival and carry-over effects arising from winter conditions as potential drivers of population 

dynamics. 

How GPS tracking and monitoring are informing human-gull conflict issues in Belfast. 

Katherine Booth Jones¹, Chris Thaxter¹, Gary Clewley¹, Shane Wolsey¹, Phil Atkinson¹, Niall H. Burton¹ 

¹British Trust for Ornithology 

Although Herring Gull (Larus argentatus) and Lesser Black-backed Gull (L. fuscus) are listed as Birds of 

Conservation Concern in Ireland, populations are thought to be increasing in urban areas, with 

associated concerns over the perceived nuisance they pose. Despite this, nothing is known about how 

individuals use the urban environment in Northern Ireland and how this may differ from their declining 

coastal counterparts. We used GPS GSM tags to track Herring and Lesser Black-backed Gulls nesting in 

Belfast during the breeding season to investigate their space-use and identify areas of potential human-

gull conflict, providing information to the Northern Ireland Environment Agency and Agri-Food and 

Biosciences Institute. Comparison was made with Herring Gulls from a nearby natural-nesting 

population. Time-In-Area and resource selection function analysis showed that roof-nesting gulls of both 

species predominantly used urban areas, travelling on average 4km from their nests. Individuals showed 

preferences for foraging in specific areas that were consistent between years, minimising overlap in 

their space use. In contrast, Herring Gulls from the natural-nesting population travelled further, 

exploiting agricultural habitats as well as urban areas. Although gulls have the ability to travel large 

distances to find food, gulls tracked around Belfast did not travel far from their nests and tended to 

focus their time in urban areas. Our tracking data show that urban areas in Northern Ireland provide 

safe nesting habitats for gulls and food resources which are used throughout the breeding season, both 

by roof-nesting individuals and by those from natural-nesting populations. The presence of foraging gulls 

within the urban environment may be a symptom of poor waste management in certain areas and these 

are issues that can be addressed to minimise human-gull conflict issues in the future as urban gull 

populations increase across the island of Ireland. 
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Migratory strategies of Cabo Verde seabirds: implications for conservation 

Herculano Dinis¹, Andreia Leal², Teresa Militão³, Sarah Saldanha³, Laura Zango³, Jacob González-Solís³ 

¹Associação Projecto Vitó, ²Associação Projecto Vitó/Institut de Recerca de la Biodiversitat (IRBio) i 

Departament de Biologia E, ³Institut de Recerca de la Biodiversitat (IRBio) i Departament de Biologia 

Evolutiva, Ecologia i Cièn 

Knowing the migratory strategies and non-breeding areas used by seabirds is crucial for understanding 

the threats seabirds face outside the breeding period. In temperate and polar regions, many seabirds 

migrate to suitable habitats during the non-breeding period. In contrast, in tropical areas, where the 

climatic seasonality is less pronounced, seabirds theorically should be largely sedentary or having 

dispersive movements over waters close to breeding grounds. However, the recent explosion of 

geolocation studies is showing more complex movements than previously thought. To understand the 

variability of migratory strategies of seabird species breeding in a tropical environment, we tracked with 

geolocators 7 out of 8 spp breeding in Cabo Verde between 2008 and 2019: 141 Cape Verde 

shearwaters, 71 Boyd's shearwaters, 57 red-billed tropicbirds, 107 Bulwer's petrels, 24 Cape Verde 

petrel, 10 brown boobies and 4 Cape Verde storm-petrels. The studied species comprehend a wide 

range of migratory strategies, including long-distant migrants (Cape Verde shearwaters), short migrants 

(Boyd's shearwater, red-billed tropicbirds and Cape Verde storm-petrels), short partial migrants 

(Bulwer's petrel), largely dispersive (Cape Verde petrel) to sedentary (brown boobies). The consistency 

of areas used by each species across years can facilitate the management of specific areas to protect 

seabirds year-round. Some species as the Cape Verde and the Boyd's Shearwaters occupied relatively 

confined areas within the Atlantic, underlining their vulnerability to any major threats within these 

areas. Finally, this study also highlights the year-round importance of Cabo Verde waters for some 

species, such as the endemic Cape Verde petrel and the brown booby, calling for an assessment and 

definition of marine protected areas within territorial waters of the archipelago. Overall, this study 

reflects the complexity of migratory strategies of tropical seabirds, with different species presenting 

different migratory strategies and occupying different areas of the central Atlantic waters, clearly 

showing their protection needs far more complex approaches than just protecting the surroundings of 

the breeding areas. 

Foraging and at-sea distribution of a vulnerable and endemic storm-petrel 

Wiebke Schäfer¹, Gemma Carroll², Hannah Hereward³, Petra Quillfeldt¹, Verónica Neves⁴ 

¹Justus Liebig University Gießen, ²Environmental Defense Fund, ³Cardiff University, ⁴Azores University 

Advances in technology have revolutionized the tracking of marine organisms, but the at-sea 

distribution of small seabird species (i.e. <100 g) is still poorly known compared to their larger relatives. 

This study focuses on the foraging and at-sea distribution of an endemic species of storm-petrel that 

breed in the Azores archipelago: the summer breeding and endangered Monteiro's storm-petrel 

(Hydrobates monteiroi). We used miniature GPS loggers and conducted 59 deployments on incubating 

and chick-rearing petrels from Praia Islet, Azores, over three consecutive breeding seasons (2018--2020). 

We combined tracking data with information on static and dynamic habitat features to characterize the 

habitat preferences and to identify important at-sea foraging areas during the breeding season and 

developed spatial predictive models. Incubating birds had core foraging ranges that were further from 

the colony than chick-rearing birds, but there were no strong differences between birds tracked in 

different years. Bathymetric features (seafloor depth and distance from a seamount) were the most 
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important determinants of foraging location in Monteiro's storm petrels, providing a range of 

predictable of at-sea priority use and conservation areas such as seamounts. 

Spatial segregation in a sexually dimorphic central place forager: Competitive exclusion or niche 

divergence? 

Florian Orgeret¹, Ryan Reisinger², Tegan Carpenter-Kling¹, Alexandre Corbeau³, Danielle Keys¹, Charles-

André Bost⁴, Henri Weimerskirch⁴, Pierre Pistorius¹ 

¹Nelson Mandela University, ²Institute of Marine Sciences, University of California Santa Cruz, ³Centre 

d'Etudes Biologiques de Chize, ⁴Centre d?Etudes Biologiques de Chizé 

Sexual competition is increasingly recognized as an important selective pressure driving species 

distributions. However, few studies have investigated the relative importance of interpopulation versus 

intrapopulation competition in relation to habitat availability and selection. To explain spatial 

segregation between sexes that often occurs in seabirds, two hypotheses are commonly used. The 

'competitive exclusion' hypothesis states that dominant individuals should exclude subordinate 

individuals through direct competition, whereas the 'niche divergence' hypothesis states that 

segregation occurs due to past competition and habitat specialization. We tested these hypotheses in 

two populations of an extreme wide-ranging and sexually dimorphic seabird, investigating the relative 

role of intrapopulation and interpopulation competition in influencing sex specific distribution and 

habitat preferences. Using GPS loggers, we tracked 192 wandering albatrosses Diomedea exulans during 

four consecutive years (2016-2019), from two neighbouring populations in the Southern Ocean (Prince 

Edward and Crozet archipelagos). We simulated pseudo-tracks to create a null spatial distribution and 

used Kernel Density Estimates (KDE) and Resource Selection Functions (RSF) to distinguish the relative 

importance of within versus between population competition. Kernel Density Estimates showed that 

only intrapopulation sexual segregation was significant for each monitoring year, and that tracks 

between the two colonies resulted in greater overlap than expected from the null distribution, 

especially for the females. RSF confirmed these results and highlighted key atsea foraging areas, even if 

the estimated of at-sea densities were extremely low. These differences in selected areas between sites 

and sexes were, however, associated with high interannual variability in habitat preferences, with no 

clear specific preferences per site and sex. Our results suggest that even with low at-sea population 

densities, historic intrapopulation competition in wide ranging seabirds may have led to sexual 

dimorphism and niche specialization, favouring the 'niche divergence' hypothesis. In this study, we 

provide a protocol to study competition within as well as between populations of central place foragers. 

This is relevant for understanding their distribution patterns and population regulation, which could 

potentially improve management of threatened populations. 

Phenological divergence, population connectivity and ecological segregation between two allochronic 

seabird populations 

Fernando Medrano¹, Teresa Militão¹, Ivandra Gomes², Mariona Sarda-Serra¹, Monica de la Fuente¹, 

Herculano Dinis², Jacob González-Solis¹ 

¹Institut de Recerca de la Biodiversitat (IRBio) i Departament de Biologia Evolutiva, Ecologia i Cièn, 

²Associação Projecto Vitó, São Filipe, Ilha do Fogo, Cabo Verde 

Timing of breeding is a trait shaped to optimize resource use while avoiding adverse conditions. It has 

been suggested that, in some seabird species, allochronic breeding between summer and winter 

populations may drive genetic isolation to different extents. However, little is known about the 



117 
 

connectivity and ecological segregation between populations fuelling this evolutionary process. This 

study describes the phenology, connectivity, differences in spatial use, habitat selection, daily activity 

patterns, and isotopic niche of allochronic populations of the Cape Verde storm-petrel Hydrobates 

jabejabe breeding in Cima Islet Cabo Verde. We ringed breeders and birds in mist-nets for doing 

analyses on the populations connectivity, deployed GPS and GLS loggers for studying spatial niche in the 

breeding and non-breeding season respectively, and for studying the daily activity niche through wet-

dry data, and took blood/feather samples for studying the isotopic niche. Summer (hot) population bred 

from February to August, while the winter (cool) population did it from September to January, showing a 

very low exchange rate of breeders between them and only a few inter-seasonal breeders. Both 

populations showed a high spatial overlap in their foraging areas during both, the breeding and the non-

breeding period, respectively. Both populations fitted their timing of breeding to pulses of oceanic 

productivity around Cabo Verde while avoiding rainfalls, suggesting inter-seasonal breeders may be 

disfavoured. Oceanic productivity was higher for the hot population during the breeding and non-

breeding areas and spent a higher proportion of time resting on the water during the non-breeding 

period. Overall, our results showed two populations well-differentiated in their annual phenological 

events and very low connectivity among them, but with little ecological segregation. Pulses of oceanic 

productivity may be driving allochrony but does seem not imply an speciation process. 

 

Behavior I 
Flexibility in migratory strategy contrasts with reliance on restricted staging and overwintering 

grounds for Sabine's gulls from the Canadian High Arctic 

Sarah Gutowsky¹, Mark Mallory¹, Shanti Davis², Mark Maftei² 

¹Acadia University, ²High Arctic Gull Research Group 

Sabine's gulls undertake the longest migration of any gull, a trans-equatorial journey between Arctic 

breeding and southern hemisphere wintering areas. For such long-distance migrants, quantifying within- 

and between-individual variation in migratory strategy is key towards understanding resilience to 

environmental variability encountered over migration. We tracked 22 birds on 32 migrations from the 

Canadian Arctic to evaluate strategies and quantify flexibility among individuals and years. All birds 

undertook extended stopovers in a geographically-restricted staging area halfway through migration in 

the California Current System in both directions. Individuals were otherwise flexible in most aspects of 

migration but were repeatable in arrival date and duration of the southbound staging phase. Routes 

taken during southbound migration and overlap in overwintering areas were significantly larger within 

the same year than among years. Overall, birds showed high individual flexibility in migratory strategies 

but made similar decisions to one another in the same years. Every year, all birds showed repeatable, 

consistent reliance on the staging grounds as a key stopover site in both directions. This suggests 

Sabine’s gulls adjust to environmental change in many aspects of their migration but may be vulnerable 

to climate change and other anthropogenic influences during critical stages of the journey. 

Magnetoreception in seabirds 

Joe Wynn¹ 

¹University of Oxford 
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Seabirds are some of nature's greatest navigators, often traversing tens of thousands of kilometers a 

year over visually sparse terrain. The mechanisms by which this is achieved are, however, frustratingly 

elusive. In songbirds we know that long-distance movement is partly underpinned by an ability to sense 

the Earth's magnetic field, though outside of this clade evidence for magnetoreception is sparse and, in 

some instances, highly equivocal. There is, then, considerable interest in understanding a) whether 

seabirds use the Earth's magnetic field to navigate and b) if so, how? Here, we use historic ringing data 

to investigate whether Manx shearwaters (Puffinus puffinus) use magnetic cues when relocating their 

natal site following first migration. Using slight (but measurable) changes in the Earth's magnetic field, 

we find that changes in latitude between ringing and recovery are predicted by changes in the 

inclination of the Earth's magnetic field. We find that small changes in inclination between when a bird 

fledges and when it returns from first migration correlate with probabilistic changes in latitude at 

recruitment, in doing so quantitatively fulfilling a priori predictions as to the magnitude and direction of 

latitudinal shift. This, we believe, suggests that a) natal magnetic inclination is learnt prior to fledging 

and b) is used to provide latitudinal information when making the first return trip from the wintering 

grounds. 

Cumulative effects of environmental conditions and mercury exposure on laying phenology and 

incubation behaviour 

Reyd Smith¹, Saya Albonaimi¹, Holly Hennin², Grant Gilchrist², Jérôme Fort³, Kyle Parkinson¹, Jennifer 

Provencher², Oliver Love¹ 

¹University of Windsor, ²Environment and Climate Change Canada, ³Littoral, Environnement et Sociétés 

(LIENSs) 

Wildlife are exposed to many simultaneous stressors, the effects of which are amplified along with 

increasing human activity globally. In Arctic regions, more severe weather systems, increasing air and 

ocean temperatures, and exposure to environmental contaminants all represent stressors occurring 

simultaneously. While seabirds are expected to be at risk of adverse effects from these individual 

stressors, few studies have researched their combined impacts on breeding behaviour and reproductive 

success. Therefore, we examined the interactive effects of air temperature, wind speed and mercury 

(Hg) contamination (via first-laid egg) on laying phenology and incubation behaviour in female common 

eiders (Somateria mollissima, Mitiq) nesting at Canada's largest Arctic breeding colony (East Bay 

(Mitivik) Island) from 2016-2019. Exposure to higher pre-breeding air temperatures resulted in females 

with higher egg Hg concentrations laying earlier than those with lower Hg levels. Furthermore, 

examination of 190 days of incubation behaviour from 61 eiders across two years showed that nest-level 

air temperature exposure had the most significant effect on incubation behaviour, with higher air 

temperatures correlating with more interruptions. Importantly, interactive exposure to higher air 

temperatures and higher Hg concentrations was related to increased incubation interruptions at a 

greater effect level than just air temperature alone. Although previous research has shown that warmer 

spring temperatures may relieve constraints on lower quality females, giving them more time to gain in 

body condition to successfully lay, our results suggest these females face stronger cumulative costs 

during incubation in warmer years, especially if they have higher contaminant loads. Our study 

highlights the potential interactive mechanisms, driven by human-induced environmental changes, that 

may impact overall individual and colony reproductive success in Arctic seabirds, especially within the 

context of increasing environmental and predator pressures. 
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Seabird foraging behaviour changes on the week-end according to scheduled fishery activity in the 

Adriatic Sea 

Jacopo Cecere¹, Simona Imperio¹, Simone Pirrello¹, Riccardo Nardelli¹, Alessandro Andreotti¹, Fernando 

Spina¹, Lorenzo Serra¹ 

¹ISPRA 

Human activity may significantly affect animal abundance, distribution and behaviour. In several regions 

of the world, human productive activities generally show a marked difference in intensity between 

week-days and week-end. For instance, fishing activity, which is known to affect seabird behaviour, may 

show lower intensity on the week-end. To assess whether such fishing schedule affects seabird activity, 

we analyzed daily foraging behaviour of three seabird species breeding in the Adriatic sea, an over-

exploited Mediterranean region where trawlers activity is interdicted during week-end. We relied on 

GPS-data from two seagull species, the Mediterranean gull (Ichthyaetus melanocephalus) and the 

yellow-legged gull (Larus michahellis), which can forage both on land and at sea, and from the pelagic 

Scopoli´s shearwater (Calonectris diomedea). All birds were GPS-tagged during the breeding period. The 

daily proportion of GPS positions at-sea over all recorded positions was significantly lower on week-end 

compared to week-days in both seagull species. Location at sea were such rare on the week-end as to 

suggest a possible transfer of information at the colony on the current distribution of food resources. 

Moreover, we found individual differences in the reaction to the "week-end effect". On top of this, we 

found that the probability of foraging at sea for gulls was higher when rain was absent or light and wave 

motion was slight. As for seagulls, also the pelagic Scopoli´s shearwater changed foraging behaviour on 

week-end, showing a significant lower proportion of those behaviours which are known for other 

tubenose species to be related to foraging in association with fishing vessels (sinuous movements and 

floating) and a higher proportion of relocation movements compared to week-days. Overall, our results 

highlight the marked behavioural plasticity of seabird species and stress the complexity of relationship 

between seabirds and commercial fishing activity. 

Spatial variation of daily activity patterns in the Scopoli's shearwater 

Simona Imperio¹, Davide Dominoni², Federico De Pascalis³, Carlo Catoni⁴, Giorgia Gaibani⁵, Diego 

Rubolini³, Jacopo Cecere¹ 

¹ISPRA, ²University of Glasgow, ³University of Milan, ⁴Ornis Italica, ⁵LIPU 

Temporal patterns of animal activity can be affected by both abiotic (e.g. temperature, wind) and biotic 

factors (e.g. spatial and temporal distribution of prey species, inter-specific competition). Despite the 

analysis of activity rhythms can reveal how species adapt to environmental changes, little is known 

about daily activity patterns in seabirds. We investigated the diel activity pattern of 196 Scopoli's 

shearwaters (Calonectris diomedea) fitted with GPS-loggers from 3 different Mediterranean breeding 

sites, namely Linosa island (Sicily Channel), Tremiti Archipelago (Adriatic Sea) and La Maddalena 

Archipelago (Tyrrhenian Sea), from 2008 to 2018. During both incubation and chick-rearing periods 

breeding shearwaters are central-place foragers, performing self-provisioning foraging trips that last up 

to 18 days, alternated, during the latter period, to short chick-provisioning foraging trips. Behavioural 

modes, assessed through EMbC, revealed that both intensive and extensive search were evenly 

distributed during the daily cycle, while floating behaviour was concentrated during the night and the 

central hours of the day, and relocation was most frequent in the few hours following dawn and 

preceding dusk. Accordingly, flying activity computed as the average speed between two GPS positions 

showed a bimodal pattern for all the 3 colonies. Yet, the temporal pattern of flying activity was 
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significantly different among colonies, with birds from Linosa showing narrower peaks of activity. The 

observed differences cannot be explained by different twilight times among colonies, and are likely 

linked to fishery activity and/or variation in meteorological variables, the latter also explaining the 

differences between sexes. Indeed, as the breeding period proceeds, females show higher flying activity, 

likely due to their lower wing loading and the consequent better ability in exploiting winds. Differences 

were also found between short- and long-lasting foraging trips, suggesting that modulation of the daily 

activity in seabirds may represent a behavioural adaptation to a combination of food availability and 

environmental conditions. 

Should I stay or should I go: Is vocal communication a key to coordinated parental care in a 

monogamous seabird, the Little Auk (Alle alle) ? 

Marion Devogel¹, Antoine Grissot¹, Dorota Kidawa¹, Marcelo Araya-Salas², Katarzyna Wojczulanis-

Jakubas¹ 

¹University of Gdansk, ²Universidad de San josé 

While most bird species exhibit bi-parental care, with both parents adjusting theirs workload in respect 

to each other, still little is known of how this adjustment is achieved. Vocal communication has recently 

been pointed out as a potential mechanism of such parental care adjustment in songbirds, but remains 

poorly studied in seabirds. Here we examine the role of partners' vocal interactions in the parental care 

of a monogamous seabird, the Little Auk (Alle alle). Little Auks' breeding partners share their parental 

duties equally and in a coordinated manner; during the whole breeding period they frequently meet at 

the nest and vocalize together, which makes it a perfect system for studying the role of vocal 

communication in parental coordination. We investigate whether the temporal and acoustical structure 

of the partners' vocal interaction in the nest predict its output (relief or not of the incubating partner), 

and whether they are related to the duration of the previous and subsequent incubation bouts. Our 

results are the first attempt to answer such questions in seabirds, and we believe they will constitute a 

solid background for both examining the mechanisms regulating parental care and the importance of 

vocal communication between avian breeding partners. 

How to Avoid Hyperthermia: Behavioral Mechanisms Adopted by Incubating Seabirds to Cope with 

Hot Environments 

Monif Alrashidi¹ 

¹Faculty of Science, University of Ha'il 

Seabirds are a diverse group with a worldwide distribution. Some seabird species breed in the most 

hostile environments, which range from extreme cold polar zones to extreme hot desert zones. In this 

study, the Lesser Crested Tern (Thalasseus bengalensis) was used as a model species to evaluate how 

incubating seabirds cope with extremely hot environments and the behavioral mechanisms they adopt 

to prevent eggs from hyperthermia, since it breeds in nests without any isolation materials, and egg 

laying is usually during the summer (May - June). This study was conducted on Jana Island, north-eastern 

Saudi Arabia where the midday ground temperature may exceed 60°C during the summer. Trail cameras 

with night vision were used to record the incubation behavior of adults (n = 18 nests) every minute for 

at least 24 hours. The results showed that the Lesser Crested Terns attended their eggs continuously 

during a 24 hour period without leaving the nests, except when a disturbance occurred, with a mean 

total nest attendance of 97.02 ± 1.27%, such behavior may prevent the eggs from reaching lethal 

temperatures. Moreover, the incubating adults changed their body orientation in relation to the sun. 
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More than 95% of the incubating adults faced west in the morning (8:00-10:00), and began rotating 

clockwise until they (75%) faced east in the evening (16:00-18:00), which could be a behavioral 

mechanism that plays a vital role in preventing incubating adults from overheating. The heads of these 

birds are black, thusfluffing the crested nape that faces the sun during the hottest part of the day may 

help incubating adults to disperse the solar radiation. Additionally, this behavior may maximize the 

shading of the eggs by keeping the eggs under the direct shade of the adults' ventral feathers. 

Function of obligate siblicide in the Brown booby, Sula leucogaster: an experimental test of the 

Insurance hypothesis. 

Lars Hillström¹, Francisco Sanchez Tortosa² 

¹University of Gävle, ²University of Cordoba 

Bird species that practice obligate siblicide (originally named cainism) lay two eggs, but almost never 

raise more than one offspring, because the first hatched chick kills the second soon after hatching. The 

adaptive value of this behavior has puzzled naturalists since the times of Aristoteles. There is still no 

general satisfactory explanation for the evolution of this behavior, although various mechanisms have 

been proposed. According to the "Insurance hypothesis", by laying an extra egg, the parents may be 

able to protect themselves from raising an under-sized brood (or no young at all) in a given season; 

specifically, they are buffered against complete reproductive failure that may arise from early mortality 

of eggs and chicks. This study aimed to test the "Insurance hypothesis" for the laying of a second egg. 

We experimentally tested this hypothesis in pairs of adjacent 2-egg clutches in a colony of breeding 

brown boobies (Sula leucogaster), by removing one egg from experimental clutches while holding 

unmanipulated clutches as controls. As predicted, the experimental nests on average produced fewer 

hatchlings and a smaller proportion of them had a chick at 10days, i.e. 34% and 61% for experimentals 

and controls, respectively. This difference was almost three-fold difference at 60 days post-hatching, i.e. 

12% of experimental nests vs 31% of control nests produced a fledgling. The insurance benefit of the 

second egg seemed to be most significant during the incubation phase, or for fertilization of the eggs, 

because there was no difference in success between parents that had hatched one versus two eggs 

among unmanipulated clutches. However, among nests that were deserted during chick rearing, parents 

that had hatched two eggs tended to remain longer than parents that had hatched only one egg. We 

conclude that the most important insurance benefit of a second egg is against egg hatching failure. 

 

Foraging Ecology II 
Changing diet in seabirds from Pacific Canada over 50 years: evidence from amino acid-specific stable 

isotope analysis 

Francis van Oordt¹, Kyle Elliott¹ 

¹McGill University 

Top predators, such as seabirds, integrate information over multiple temporal and spatial scales, as well 

as trophic levels. Marine communities have changed greatly over the past century due to industrial 

fisheries, climate change and marine pollution. Here, we examine whether the fingerprint of such 

change can be observed in seabird eggs collected from Pacific Canada between 1968 and 2017. We 

examined a suite of six species of seabirds (Ancient Murrelet, Double Crested Cormorant, Leach's Storm 

Petrel, Great Blue Heron, Rhinoceros Auklet, Pelagic Cormorant) that inhabit the southern coast of 
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British Columbia and vary in their habitat from the inshore to offshore. The six species overlapped 

considerably within a δ15N-δ13C biplot, but a multivariate analysis showed that amino acid-specific 

standard ellipses showed little overlap. Thus, each of the six species occupied their own isotopic 

hypervolumes (niches), but this was only apparent when considering more complex dietary indices than 

those available from bulk δ15N and δ13C alone. These hypervolumes did not change for five species, but 

showed a substantial shift in double-crested cormorants. For cormorants, there was a shift from pelagic 

to benthic prey consistent with a decline due to overfishing of Pacific herring. Thus, the diet of five 

species of seabirds was relatively constant over time, reducing niche overlap, but the species at the 

highest trophic level showed a marked change in diet in response to fisheries. 

Understanding the association of localised seabird foraging and physical dynamics to help predict 

responses to environmental change 

Lilian Lieber¹, Alex Nimmo-Smith² 

¹Queen's University Belfast, ²The University of Plymouth 

With expanding marine urbanisation, the introduction of man-made structures into our seas, a broader 

perspective on their ecological implications is timely to predict seabird responses to environmental 

change. Understanding the physical mechanisms characterizing seabird foraging sites can help predict 

how they may respond to altered hydrodynamics due to offshore structures. For instance, physical 

processes such as vertical mixing and sediment dynamics can be strongly modified through the 

introduction of anthropogenic installations into tidal seas. They can also lead to the generation of 

turbulent coherent structures such as complex three-dimensional wakes (von Kármán vortex streets). 

Similar to oceanic mesoscale features (e.g. fronts and eddies), small-scale features including shear lines, 

vortices and local upwellings can provide physical mechanisms to change prey vertical distribution and 

accessibility to surface foragers. We present some recent work showing that the wake of a surface-

piercing tidal energy monopile in the UK promoted a localised and persistent foraging hotspot for terns 

(Sternidae), with numbers greatly exceeding counts at adjacent natural wake sites. The number of 

foraging terns was strongly coupled to peak flood tides, where strong vertical mixing within the wake, 

visualized using acoustic backscatter profiles, may have acted like a prey conveyor belt. We also 

summarise the physical characteristics from other tidally-driven foraging sites, including shallow 

upwellings. Tracked by hovering drones using machine learning, tern foraging was highly localised. 

Through analysis of individual flight trajectories, we can now extract track characteristics to provide 

more detailed information on e.g. flight speed and tortuosity to investigate foraging behaviour. For this, 

we also use the drone imagery to map the underlying surface velocity field using particle image 

velocimetry techniques, thereby capturing evolution of the highly dynamic physical features (vorticity, 

upwelling, downwelling). This novel approach enables investigation of associations between foraging 

behaviour and highly localised, dynamic flow features at each timestep to understand the ecological 

importance of hydrodynamic forcing. 

Similar foraging behaviour but different habitat use between failed and successful breeding 

albatrosses 

Aurore Ponchon¹, Amandine Gamble², Inkeri Ahtiainen¹, Jeremy Tornos³, Karine Delord⁴, Christophe 

Barbraud⁴, Justin Travis¹, Henri Weimerskirch⁴, Thierry Boulinier⁵ 

¹University of Aberdeen, ²University of California Los Angeles, ³CEFE-CNRS UMR 5175, ⁴CEBC-UMR 7372, 

⁵CEFE-CNRS-UMR5175 
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Breeding failure is expected to induce behavioural changes in central place foraging seabirds. Indeed, 

failed breeders do not have to regularly come back to their colony for reproductive duties and thus, they 

are not constrained anymore in their movements for the rest of the breeding season. Accordingly, they 

are expected to adjust their at-sea behaviour, travelling longer in distance and/or time to reach foraging 

grounds. They are also expected to use different foraging areas to decrease local intra-specific 

competition with successful breeders. However, so far, only few studies have investigated the effect of 

breeding failure on individual behaviour and distribution. In this study, we compared the at-sea 

behaviour and habitat use of successful and failed Indian yellow-nosed albatrosses nesting in 

Amsterdam Island, Southern Indian Ocean, during two chick-rearing periods. Failed breeders exhibited 

the same at-sea foraging behaviour, travelling as far and as long as successful breeders. They also spent 

the same amount of time on their nest between at-sea trips. Nevertheless, habitat models revealed a 

partial spatial segregation of failed breeders, which used specific foraging areas characterized by deeper 

and colder waters, in addition to the ones they shared with successful breeders. Our study stresses the 

importance of considering breeding failure when aiming at understanding the spatial distribution of 

individuals, especially in a conservation perspective. 

Non-breeding behaviour and energy expenditure of red-throated divers (Gavia stellata) 

James Duckworth¹, Sue O'Brien², Ib Petersen³, Francis Daunt⁴, Aevar Petersen⁵, Logan Johnson⁵, Petteri 

Lehikoinen⁶, David Okill⁵, Roni Väisänen⁷, Jim Williams⁵, Stuart Williams⁵, Jonathan Green¹ 

¹University Of Liverpool, ²Joint Nature Conservation Committee, ³Aarhus University, ⁴UK Centre for 

Ecology & Hydrology, ⁵Independent, ⁶Avescapes, ⁷Aevscapes 

Understanding how populations within a species can vary their response to seasonal stressors across 

spatial and temporal scales provides insight into the adaptability of that species. One species where 

such information is desired is the red throated diver (RTD, Gavia stellata), whose non-breeding season 

ecology is relatively unknown. RTDs are also predicted to be facing ever-increasing pressures from 

anthropogenic activity, making improving our understanding of this species all the more imperative. 

Physiological and behavioural models allow such a fundamental understanding of the ecology of a 

species. Here we used a combination of Light-based Geolocator and Time-depth Recorder devices to 

reveal non-breeding location and behavioural time budgets for RTDs from three different populations: 

Iceland, Scotland and Finland. Using allometric scaling equations and the knowledge gained from the 

behaviour budgets, we constructed models to estimate the energy expenditure of RTDs for the first four 

months of the non-breeding period. Our results show differing migration strategies across the three 

populations, with populations being migratory, partially migratory and resident. We found that both 

behaviour budgets and energy expenditure varied spatially and temporally, with migratory populations 

showing the largest degree of temporal change in their behaviour budget. We also found that energy 

expended on thermoregulation varied across the sites and that populations were able to overcome this 

additional stressor through physiological and behavioural adaptions. Our study answers several 

important questions about RTD behaviour and energetics, as well as more broadly providing examples 

of divergent non-breeding season survival tactics across spatial scales. This new information will enable 

us to carry out further work to examine how constrained RTDs are and their ability to adapt to increased 

anthropogenic pressure. 
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Tracking II 
Unravelling the foraging behaviour of the world's longest migrant 

Joanne Morten¹, Julian Burgos², Lee Collins³, Sara Maxwell⁴, Eliza-Jane Morin⁵, Nicole Parr¹, William 

Thurston⁶, Freydís Vigfúsdóttir⁷, Matthew Witt¹, Lucy Hawkes¹ 

¹University of Exeter, ²Marine and Freshwater Research Institute, ³N/A, ⁴University of Washington, 

⁵University of Westfjords, ⁶Met Office, ⁷University of Iceland 

Arctic terns undertake the longest migration on earth, travelling from their breeding grounds in high 

latitudes of the northern hemisphere, to the overwintering grounds in Antarctica. This declining species 

covers distances greater than 90,000 km per year, travels across the planet's vast oceans and 

encounters more daylight than any other animal. Iceland provides important breeding grounds for arctic 

terns with 20-30% of the global population returning here annually; during four breeding seasons from 

2018 to 2021 we deployed more than 100 biologgers at a large colony. These accelerometers, activity 

loggers and GPS tracking devices will reveal, with unprecedented accuracy, the flyways used by 

migrating arctic terns, the locations of key stopover sites, and activities in the Southern Ocean. We will 

identify the conservation landscape over this epic migration: highlighting areas where human conflict 

may occur, areas that are protected, and highlight locations that may need protection. The wind 

conditions that arctic terns encounter will be modelled, and we will determine whether they are using 

trade winds to aid the migratory flights. Activity loggers will identify how long they spend on the wing, 

and whether they are foraging on route or flying continuously to known foraging locations. We 

hypothesise that the migratory routes will be a mixture of those followed by tracked birds from The 

Netherlands and Greenland. How the routes and behaviours relate to morphology and sex will also be 

discussed. 

Between- and within- individual variation in the migration of a tropical seabird, the Round Island 

petrel 

Kirsty Franklin¹, Ken Norris², Jennifer Gill¹, Norman Ratcliffe³, Simon Butler¹, Nik Cole⁴, Carl Jones⁴, 

Simeon Lisovski⁵, Kevin Ruhomaun⁶, Vikash Tatayah⁷, Malcolm Nicoll² 

¹University of East Anglia, ²Zoological Society of London, ³British Antarctic Survey, ⁴Durrell Wildlife 

Conservation Trust, ⁵Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, ⁶National 

Parks and Conservation Service, ⁷Mauritian Wild 

Tracking individuals on repeated migratory journeys is proving key to understanding the evolutionary 

forces shaping migratory systems. The extent of between- and within- individual variation in migratory 

routes, timings, and stopovers of various species has important implications for the understanding of 

how migratory systems may alter in response to environmental changes. However, this approach has 

received little attention for seabirds wintering in the tropics, where individuals are often thought to 

perform less consistent migrations due to the lack of seasonally predictable food resources. Using a 10-

year light level geolocator tracking dataset, comprised of 70 individuals with multiple consecutive non-

breeding migrations, we will examine the between- and within- individual variation in migratory routes 

and timings of a tropical seabird, the Round Island petrel. This population of petrels in the Indian Ocean 

is a three-way hybrid complex consisting of one species from the Atlantic (Pterodroma arminjoniana), 

two species from the Pacific (P. heraldica and P. neglecta), and inter-specific hybrids. These tracking data 

reveal extraordinary levels of individual variation in ocean movements, with petrels undertaking non-

breeding migrations to different areas across much of the Indian Ocean. Preliminary analysis on a small 
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number of individuals has shown consistent individual differences in the start and end dates of petrel 

migration, and the routes taken. This, together with the fact that birds can be found breeding on Round 

Island all year round, means that individuals are potentially exposed to a very wide range of 

environmental conditions and human-associated impacts, with potentially important consequences for 

breeding success, survival and, ultimately, the status of this population. 

Year round movements of the Arctic Skua - understanding drivers of change in a declining species 

Liz Humphreys¹, Sarah Harris², Helen Aiton¹, David Aiton¹, Chris Thaxter², Dawn Balmer², Calladine John¹ 

¹British Trust for Ornithology, Scotland, ²British Trust for Ornithology 

The Arctic Skua Stercorarius parasiticus is the most rapidly declining breeding seabirds species in the UK, 

with losses of around 82% since the mid-1980s being reported. Typically these species obtain the vast 

majority of their food via kleptoparasitism of other seabirds around their breeding territories, many of 

which are also showing losses although not to the same extent. They are also long distance migrants, 

with ringing recoveries from the UK being reported across the whole extent of the Atlantic. To help 

provide some insight into the mechanisms underlying these dramatic changes, we instigated a tracking 

programme to look at foraging behaviour during the breeding season as well as the migration routes 

and wintering location at two colonies in Scotland - Fair Isle and Rousay. Arctic Skuas from Fair Isle, 

which have tended to have poor hatching success, were travelling up to 200 km away from the colony 

during incubation. Long foraging ranges are indicative of low food availability and similar routes were 

also recorded by target host species in recent years. Whereas birds from Rousay, which usually have had 

higher breeding success, generally travelled shorter distances during the same period. Birds from Rousay 

which successfully fledged chicks tended to forage up to 70 km to the north-west of the colony in an 

area with specific oceanographic features and designated as a Marine Protected Area for larvae Sandeel 

- a key fish species. Unsuccessful birds tended to forage elsewhere. We will discuss why these 

differences should arise with respect to possible differences in foraging behaviours between individual 

birds. There was clear variation in bird's choice of wintering areas with individuals from the same 

colonies ranging from South America, Southern and Western Africa. Therefore conservation measures 

for birds in the UK might be best focused around their breeding colonies. 

Assessing trophic links, individual movement, and habitat use of non-breeding Northern Gannets 

Julia Gulka¹, Evan Adams¹, Alicia Berlin², Kevin Friedland³, Andrew Gilbert¹, Chandra Goetsch¹, William 

Montevecchi⁴, Matthew Perry², Iain Stenhouse¹, Kate Williams¹ 

¹Biodiversity Research Institute, ²U.S. Geological Survey, Patuxent Wildlife Research Center, ³National 

Marine Fisheries Service, ⁴Memorial University 

Marine ecosystems are complex, with interconnected natural and anthropogenic drivers influencing 

spatiotemporal patterns of marine predators. Resource availability is a key factor driving seabird 

movement and distribution, but information on prey availability is difficult to obtain at useful scales for 

understanding predator ecology. By using new techniques for estimating prey availability from digital 

aerial survey data, which capture the location and size of surface-level forage fish shoals, and estimating 

forage fish occupancy from bottom trawl survey data, we have new methods to describe prey 

availability for seabirds. This study explores links between seabirds and prey availability by examining 

Northern Gannets (Morus bassanus) movement in the U.S. Atlantic during the non-breeding season. 

Using satellite telemetry data from adult and juvenile Northern Gannets (n=75), we employed hidden 

Markov models to examine behavior states in relation to forage fish availability and environmental 
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covariates. Here, we tested the importance of four types of environmental covariates: static (e.g., 

depth), dynamic (e.g., sea surface temperature), frontal (e.g., sea surfaced temperature fronts), and 

behavior-modulating (e.g., wind speed) in Northern Gannet transitions between behavioral states 

(resident and transiting). Our results suggest that static and dynamic environmental variables played 

significant roles in movement behavior, with chlorophyll a and depth influencing transitions between 

resident and transiting states. While frontal features were not as important overall, sea surface 

temperature fronts specifically played a role in facilitating behavioral transitions. While we expect many 

of these environmental covariates to be related to forage fish availability, the next step is to use the 

forage fish occupancy and availability estimates to determine if they improve our understanding of 

Northern Gannet behavior. Disentangling trophic relationships is critical to understanding the 

mechanisms driving seabird behavior and space use, particularly in ecosystems that are rapidly changing 

due to climate and energy development. 

Monitoring colonial seabirds with commercial marine radars 

Samuel Urmy¹ 

¹Stony Brook University 

Small marine radars have been used for many years to study birds, bats, and insects. Though almost all 

of these studies have been terrestrial, radar has a number of compelling advantages as a method for 

studying seabirds, especially at colonies. Marine radars are inexpensive and robust, and can be set up to 

record automatically. Radar can detect and track both aggregations and individual birds with high 

resolution, and can operate in darkness and fog. It does not require telemetry devices, and can thus 

track the movements of an entire population rather than a small number of tagged animals. Despite 

these advantages, monitoring seabird colonies with radar involves a number of challenges. The 

detection range is limited to a few km, and radar reflections from the sea surface are a persistent source 

of interference and false detections. In general, species identification is not possible from radar data 

alone. And while it is possible to track hundreds of birds at once with a single radar, the data processing 

involved is non-trivial. I will present techniques and lessons learned from a radar study of a common 

tern (Sterna hirundo) colony in New York, USA in 2014-15, illustrating the challenges and capabilities of 

radar monitoring in this context. I will also discuss future possibilities for this technology, including both 

technological developments and applications for science and conservation. Despite their limitations, 

radars provide a view of seabird behavior unavailable with other technologies, and can play a unique 

and important role in the future of seabird ecology. 

 

Behavior II, Genetics I 
Flexibility of Chinstrap Penguin foraging behaviour in the South Orkney Islands 

Jessica Phillips¹, Tim Guilford², Phil Trathan³ 

¹Miss, ²University of Oxford, ³British Antarctic Survey 

Chinstrap penguins breed at many different colonies across the South Orkney Island archipelago, with 

each site having different seascapes and offering different opportunities for foraging. As such, chinstrap 

penguins must adapt their behaviour in order to persist in these differing situations. In order to explore 

their behaviour across sites, we investigated their foraging behaviour by tracking individuals with GPS 

and temperature depth recorders (TDR). Between 2011 and 2016, we selected four islands in the South 



127 
 

Orkneys with different aspects and different seascapes. We then used unsupervised machine learning to 

cluster 388,000 dives from 171 individuals, using maximum depth, dive duration and time in the bottom 

phase of the dive, to identify the characteristics of penguin foraging behaviour. We identified three 

types of dives, with each type common across sites. We identified: Foraging dives that had the deepest 

depth, longest duration, and longest time at the bottom; prey-searching dives that had medium depth, 

medium duration, and medium bottom time; and traveling dives that had the shallowest depth, shortest 

duration and shortest time at the bottom. Comparing the dives employed during day and night across 

foraging trips from the four islands, provides novel insights into the diversity of foraging behaviour in 

this abundant Antarctic predator. 

Does personality mediate the reproductive consequences of broad-scale climate phenomena? 

Samantha Patrick¹, Julien Martin², Caroline Ummenhofer³, Alexandre Corbeau⁴, Henri Weimerskirch⁴ 

¹University of Liverpool, ²University of Ottawa, ³WHOI, ⁴CEBC-CNRS 

The ability of individuals and populations to adapt to a changing climate is a key determinant of 

population dynamics. While changes in mean behaviour are well studied, changes in trait variance have 

been largely ignored, despite being assumed to be crucial for adapting to a changing environment. As 

the ability to acquire resources is essential to both reproduction and survival, changes in behaviours that 

maximize resource acquisition should be under selection. Here, using foraging trip duration data 

collected over 7 years on black-browed albatrosses (Thalassarche melanophris) on the Kerguelen Islands 

in the southern Indian Ocean, we examined the importance of changes in the mean and variance in 

foraging behaviour, and the associated effects on fitness, in response to the El Niño Southern Oscillation 

(ENSO). Using double hierarchical models, we found no evidence that individuals change their mean 

foraging trip duration in response to a changing environment, but found strong evidence of changes in 

variance. Younger birds showed greater variability in foraging trip duration in poor conditions as did 

birds with higher fitness. However, during brooding, birds showed greater variability in foraging 

behaviour under good conditions, suggesting that optimal conditions allow the alteration between chick 

provisioning and self-maintenance trips. We found weak correlations between sea surface temperature 

and the ENSO, but stronger links with sea-level pressure. We suggest that variability in behavioural traits 

affecting resource acquisition is under selection and offers a mechanism by which individuals can adapt 

to a changing climate. Studies which look only at effects on mean behaviour may underestimate the 

effects of climate change and fail to consider variance in traits as a key evolutionary force. 

Colony attendance of common guillemots during the non-breeding season 

Sophie Bennett¹, Mike Harris¹, Sarah Wanless¹, Jonathan Green², Mark Newell¹, Kate Searle¹, Francis 

Daunt¹ 

¹UK Centre for Ecology & Hydrology, ²University of Liverpool 

Competition for high quality breeding sites in colonial seabird species is often intense, such that 

individuals may invest considerable time in site occupancy even outside of the breeding season. The site 

defence hypothesis predicts that site occupancy should be positively correlated with breeding 

phenology and success such that more successful sites are occupied earlier and/or more frequently. 

However, few studies have related non-breeding season attendance and subsequent breeding 

performance. Therefore, our understanding of the potential life-history benefits of this behaviour are 

limited. To address this, we used time-lapse photography to record the non-breeding attendance of >80 

pairs of common guillemots, Uria aalge, breeding on the Isle of May, Scotland. Images were taken of 
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sites every 15 minutes for three non-breeding seasons (start of October to end of March). We then 

recorded the time spent at each site, each day, each non-breeding season. We then followed breeding 

phenology and success at each site in the subsequent breeding season. Attendance at sites began in late 

October with sites gradually be attended more frequently and for longer until almost all sites were 

occupied for all daylight hours just prior to the breeding season (end March). We found that higher 

quality sites were occupied earlier and more often. Sites occupied more often had significantly earlier 

lay dates, and those occupied earlier were more successful, supporting the site defence hypothesis. 

These clear effects of non-breeding attendance on breeding timing and success highlight the potential 

fitness benefits of this behaviour on key life-history processes such a breeding. 

Widespread but infrequent deep diving in a mollymawk albatross 

Tim Guilford¹, Oliver Padget¹, Louise Maurice², Paulo Catry³ 

¹Oxford University, ²British Geological Survey, ³ISPA ? Instituto Universitário 

Albatross are typically regarded as adapted to almost effortless aerial travel, with morphology and 

physiology facilitating an extreme ocean-wandering lifestyle but restricting their effectiveness below 

water to shallow dives at most. While few in number, depth recorder studies of albatross are consistent 

with this notion, suggesting that as a group they are very shallow divers, with about 7m the record 

diving depth of any species. However, informal observations of submergence times for BBA (Catry per 

obs) suggested that, in a Falklands population of this species at least, the picture may be more complex. 

We therefore conducted precision combined telemetry deployments (depth recorder, accelerometer, 

GPS) on BBA breeding on New Island in the western Falkands to investigate the details of foraging 

behaviour. In a sample of 27 breeding birds on foraging excursions during brood guard we found that 

the mean maximum diving depth was, surprisingly, around 11.2 m, with every individual diving to at 

least 2.9 m, 15 individuals diving > 10 m, and the single maximum dive depth recorded at around 20 m. 

Deeper dives were correspondingly long in duration, with a mean max submergence of about 50 

seconds. These deep dives are relatively rare occurrences, but are widespread across individuals and 

show significant bottom-time features suggesting active pursuit of prey. Our findings suggest that the 

diving physiology of albatross may need to be reconsidered. 

The effect of marine anthropic activities on the behavior of Humboldt penguin (Spheniscus humboldti) 

in two guano islands of Peru 

Cinthia Irigoin-Lovera¹, Maite Arangüena Proaño¹, Diego Gonzales-Del Carpio¹, Carlos Zavalaga Reyes¹ 

¹Universidad Cientifica del Sur 

Background. Humboldt penguin (Sphenisuc humboldti) is consider as a protected species worldwide and 

also in Peru. Anthropic activities can alter the behavior of penguins at physiological and hormonal levels, 

and can cause negative effects during their breeding season. In this research, the objectives were to 

examine the differences between the behavior of penguin in relation with the marine anthropic 

activities, and to analyze the alert and flushed behavior in relation with the distance approach and with 

the size group. Methods. Two islands on the center of the Peruvian coast were visited in 2018 -2019 

during the non-breeding season of Humboldt penguins. Marine anthropic activities test considers the 

type of marine activity (jet ski, kayak, compressor-diving, tourism boat, fishing with string), the approach 

distance (20, 30, 50, 80 and 100 m) and the group size. The behavioral response of penguins was 

categorized in non-reacting, alert and flushed. Results. The type of marine anthropic activity, the 

approach distance and their interaction had influence on the behavior of the Humboldt penguins. Jet ski 
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and compressor-diving were the most disturbing activities with 80 % and 15 % of reactions registered 

from 100 m away the colony respectively, while kayak and fishing with string were less disturbing. At 

distances of 50 m away, all activities caused more than 50 % of reactions. Conclusion. This study shows 

the relation between the distance approach and the percentage of reactions of alert and flushed of 

Humboldt penguins. Different anthropic activities can cause different reactions. It´s important to analyze 

the context on each reproductive site of Humboldt penguin to have a better management of the marine 

area. 

Genetic diversity and colony isolation in the Mascarene petrel (Pseudobulweria aterrima) and the 

Barau's petrel (Pterodroma baraui): implications for conservation of two endemic and endangered 

petrels of Reunion Island (Indian Ocean) 

Jade Lopez¹, Martin Riethmuller², Jérôme Dubos¹, Patrick Pinet³, Patxi Souharce⁴, Christophe Caumes⁵, 

François-Xavier Couzi², Matthieu Le Corre¹, Audrey Jaeger¹, Anaïs Grondin¹, Daniel Danckwerts⁶, 

Laurence Humeau¹ 

¹Université de La Réunion, ²SEOR (Société d'Etudes Ornithologiques de La Réunion), ³Parc National de La 

Réunion, Life+ Pétrels, ⁴Office national de la chasse et de la Faune sauvage, Brigade nature de l?océan 

Indien, ⁵Parc National de La Réunion, ⁶Rhodes U 

Tropical petrels are among the least known and most vulnerable seabirds in the world. Two species of 

endemic petrels live in Reunion Island: The Mascarene petrel (Pseudobulweria aterrima) and the Barau's 

petrel (Pterodroma baraui) respectively considered as critically endangered and endangered. Both 

species face two major anthropogenic threats: predation by introduced mammals (cats, rats) and light 

pollution, which causes massive mortality of fledglings. In this talk, we will present a study of 

conservation genetics of the two species. Our goal was to analyse genetic diversity, inbreeding, colony 

isolation and contemporary effective population size of the two populations. These results have 

important implications to determine the causes of population decline and to help future conservation 

actions. This study is part of the LIFE+ Petrels Project, a Europe funded project dedicated to the 

conservation of these two endemic seabirds. Microsatellites markers were analysed on individuals from 

two breeding colonies of each species (NMascarene petrel = 73 and NBarau's petrel = 259) and on 

individuals found grounded (NMascarene petrel = 23 and NBarau's petrel = 179) because of light 

pollution. For both species, we found high genetic diversity and no significant deviation from Hardy-

Weinberg Equilibrium, suggesting an absence of inbreeding. The analysis of genetic structure highlighted 

a weak but significant genetic differentiation between the breeding colonies, suggesting strong natal 

philopatry for both species. These results confirm that the conservation actions implemented by the 

LIFE+ Petrels project since 2015 are strongly needed and should be implemented independently for each 

colony to maintain the adaptative and evolutionary potential of these two endemic seabirds. 

 

Foraging Ecology III 
Diet segregation in Adélie penguins: some individuals attempt to overcome colony-induced and 

annual foraging challenges 

Melanie Massaro¹, David Ainley², Jarrod Santora³, Petra Quillfeldt⁴, Amélie Lescroël⁵, Amy Whitehead⁶, 

Arvind Varsani⁷, Grant Ballard⁵, Phil Lyver⁸ 

¹Charles Sturt University, ²H.T. Harvey & Associates, ³University of California, ⁴Justus Liebig University 
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Giessen, ⁵Point Blue Conservation Science, ⁶National Institute of Water and Atmospheric Research, 

⁷Arizona State University, ⁸Manaaki Whenua Landcar 

Intraspecific competition for food can be especially high in colonial breeding seabirds. To minimize 

colony-induced or annual foraging challenges, the diet may vary among individuals, but few studies have 

simultaneously investigated the effects of both extrinsic conditions (e.g. colony, year effects) and 

parameters of an individual (e.g. sex, age, individual quality) on diet in seabirds. Using stable isotope 

analyses, we studied the diet of 214 Adélie penguins of known sex, age and breeding quality, nesting in 

two colonies on Ross Island, Antarctica, over three breeding seasons. During the study, δ15N and δ13C 

isotope values were lower in penguins breeding at Cape Crozier compared to those at Cape Bird, 

resulting in a difference in estimated prey proportions. Cape Bird penguins consistently consumed more 

energy-rich silverfish, while birds at Cape Crozier ate more crystal krill. We also found inter-annual 

differences in diet, with a higher dietary fish proportion in both colonies during 2011. Males had 

significantly higher δ15N values, indicating that males consumed more fish than females. This sexual 

segregation in diet was particularly pronounced at Cape Bird, where the overall isotopic niche was wider 

than at Cape Crozier. Differences in diet among adults of varying ages only existed at Cape Bird, where 

middle-aged penguins consumed more fish than old and young penguins. This study provides evidence 

that penguin diet is largely driven by annual, seasonal and local abundances of prey, with only some 

individuals selectively foraging for more nutritional prey if prey choices are present. 

Long distance dining in the Hutton’s shearwater (Puffinus huttoni) 

Della Bennet¹, Travis Horton², Sharyn Goldstien³, Lindsay Rowe⁴, James Briskie² 

¹Wildland Consultants Ltd, ²University of Canterbury, ³DPI Fisheries, ⁴Retired 

Every August, Hutton's shearwaters (Puffinus huttoni) return from their Australian wintering grounds to 

breed in the Seaward Kaikoura mountains and on the Kaikoura Peninsula (Te Rae O Atiu). We 

investigated foraging locations, trip duration, diving behaviour and distance travelled by Hutton's 

shearwaters from 2014-2018 in the Kaikōura Peninsula colony using 3 approaches: 1) linking isotope 

analysis of monthly plankton samples from coastal locations with isotope signals from feathers from 

adults during the breeding season; 2) dive depths from recorders (TDRs) deployed on adult birds during 

the incubation and chick-rearing periods; and 3) global positioning system (GPS) trackers deployed on 

adult shearwaters during the chick-rearing period. Comparison of stable isotopic compositions (δ¹³C and 

δ15N) of potential prey samples with feathers collected from adults showed high levels of variation (δ¹³C 

from -14.79 to -19.40; δ15N 8.09 to 17.43) suggesting that shearwaters were feeding on a broad range 

of prey and that the birds were either foraging further offshore or feeding on items not sampled during 

near-shore plankton tows. This is consistent with recovered foraging tracks from GPS trackers, which 

show all individuals travelled 125-365 km south-southeast of the breeding colony and "dining out" at 

more distant locations than previously thought. TDRs indicated that although most dives were within 7.1 

m, some birds dived up to depths of 35 m. This provides information on the Hutton's shearwater diving 

behaviour and their ability to adjust to different foraging depths. Our results have provided key data on 

the foraging and diving behaviour and diet of this threatened species. Until now, conservation efforts 

have mostly targeted the terrestrial environments used by Hutton's shearwaters, including predator 

control and restoration of breeding colonies. Identifying where birds forage, and their prey will help 

ensure the marine environments used by Hutton's shearwaters are as equally protected. 



131 
 

From dives to bouts to trips: temporal patterns in the diving behaviour of chick-rearing Adélie 

penguins, East Antarctica 

Javed Riaz¹, Sophie Bestley¹, Simon Wotherspoon¹, Julien Freyer¹, Louise Emmerson² 

¹Institute for Marine and Antarctic Studies, University of Tasmania, ²Australian Antarctic Divison 

Breeding Adélie penguins forage at sea and return to land to provision their chicks, adjusting their 

foraging behaviour in response to environmental fluctuations over time. At Béchervaise Island, a nesting 

site in an East Antarctic population, Adélie penguin diving behaviour remains undocumented. This 

represents a key area of uncertainty in efforts to understand and predict foraging success at this colony. 

We compiled a multi-year telemetry dataset from time−depth recorders deployed from 1992 to 2004 on 

64 birds at Béchervaise Island. We examined diving activity at multiple scales, ranging from foraging 

trips (n = 125) to dive bouts (n = 3461) to individual dives (n = 84 521), and then characterised the stage- 

and sex-specific variation in diving behaviour of chick-rearing Adélie penguins using linear mixed effect 

models. Total foraging trip effort (trip duration, number of dives, vertical distance travelled and number 

of wiggles [a proxy for prey ingestion]) substantially increased as the chick-rearing period progressed 

(guard through crèche), consistent with increasing chick provisioning and self-maintenance 

requirements over time. Foraging activity was predominantly structured in periods of sustained diving 

bouts, indicating sustained foraging effort over the course of the foraging trip. Diving behaviour (dive-

level depth, duration, bottom time and attempts of catch per unit effort) varied in relation to sex and 

chick-rearing stage. Dives were performed more frequently during high and low levels of solar light, 

which is likely linked to visual predation strategies or prey activity. Our findings advance our 

understanding of this population's foraging behaviour, which is ultimately required to underpin the 

conservation and management of this breeding colony. 

Flexibility of Guanay Cormorant foraging behavior under an unpredictable marine environment 

Diego Gonzales-DelCarpio¹, Carlos Zavalaga¹, Rosana Paredes², Lyanne Ampuero-Merino³ 

¹Unidad de Investigación de Ecosistemas Marinos - Grupo Aves Marinas, ²Department Fisheries and 

Wildlife - Oregon State University, ³Programa Punta San Juan 

The Northern Humboldt Current System is highly productive, but unpredictable. Endemic seabirds in this 

region evolved under changing conditions by exhibiting flexible breeding and feeding strategies. In this 

study, we tested how the foraging behavior of guanay cormorants (Phalacrocorax bougainvillii) in Punta 

San Juan, Peru, changes under four indices of availability of anchovy or "quality" of the year. In 2019, a 

deeper 15 °C isotherm, warmer waters and a low body condition of the birds were observed. In 2017 the 

birds had a better body condition than in 2019 and 2020, presenting colder waters and an intermediate 

depth of the isotherm of 15 °C between 2019 and 2020. For this reason, 2017, 2019 and 2020 were 

characterized as years "good", "poor" and "intermediate", respectively. GPS-TDR loggers were placed on 

forty, forty and fifty chick rearing birds in 2017 (good), 2019 (poor) and 2020 (intermediate), 

respectively. In poor and intermediate years, the Guanayes made significantly longer trips, duration and 

distance from the colony than in good years (total distance traveled = 75.9 and 82.3 vs 47.7 km, trip 

duration = 3.7 and 3.9 vs 2.8 h, ranging range = 24.1 and 27.1 vs 16.5 km). Also in poor and intermediate 

years, the Guanayes did significantly higher number of diving bouts and number of dives per trip than in 

good years (N° diving bouts/trip = 2.45 and 2.05 vs. 1.7, N° dives/trip = 117.13 and 127.1 vs. 72.12). 

Greater foraging areas were also recorded in poor and intermediate years than in good years (2,092 and 

2,488 vs. 1,133 km2). However, the Guanayes dived deeper and longer in good and poor years 

compared to intermediate years (Maximum dive depth = 12.4 and 11.4 vs. 8 m, Dive duration = 29.2 and 
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26.6 vs. 21 s). This study shows that under different environmental conditions the feeding behavior of 

the guanay cormorant is flexible, making more effort to find its food in warm conditions. Higher foraging 

effort is likely related to deeper and more dispersed schools of anchovy. 

Sprint-ace and marathon penguin: How Fiordland penguins/ tawaki defy clichés about crested 

penguin marine ecology - and appear to do great 

Ursula Ellenberg¹, Thomas Mattern¹, David Houston², Robin Long³, Klemens Pütz⁴, Pablo Garcia 

Borboroglu⁵, Philip Seddon⁶ 

¹Global Penguin Society/ Eudyptes EcoConsulting, ²Department of Conservation, ³West Coast Penguin 

Trust, ⁴Antarctic Research Trust, ⁵Global Penguin Society/ Centro Nacional Patagónico (CONICET), 

⁶University of Otago 

The enigmatic Fiordland penguin, or tawaki, remain one of the least known penguin species. Recent 

surveys suggest that tawaki populations are increasing which is in stark contrast to other eudyptid 

penguins that have undergone steep declines. Despite their limited distribution along a mere 500 

kilometer stretch of coastline in New Zealand's rugged and inaccessible southwest, tawaki occupy 

remarkably diverse marine habitats. In 2014, the Tawaki Project set out to study the penguins' ecology 

across their breeding range. We examined their foraging behavior during and outside of the breeding 

season at three sites representative of the species' varied marine habitats. Over the course of six years, 

we documented the impact of El Niño on foraging range and breeding success and tracked extreme 

long-distance movements in the pre-moult and wintering periods. These data paint an intriguing picture 

of a crested penguin species that lives outside the zone occupied by congeners (subtropical instead of 

sub-Antarctic waters). They show remarkable versatility in their foraging strategies depending on 

available marine habitat. During the pre-moult, tawaki travel much farther distances than any other 

penguin species, and during their even longer winter migration they forage as far as the Polar Front. 

Apparently, tawaki can afford the costs of these marathon journeys, which not only exposes the species' 

sub-Antarctic origins but also indicates considerable adaptability. In the face of significant 

environmental change, doing things differently than other crested penguins appears to be tawaki's 

secret of success. 

Foraging movement of short-tailed shearwater in the Southern Ocean 

Sarara Azumi¹, Yutaka Watanuki¹, Akinori Takahashi², Nobuo Kokubun², Yasuhiro Ando¹, Masato Moteki³, 

Fernando Arce Gonzalez⁴, Mary-Anne Lea⁴, Mark Hindell⁴ 

¹Hokkaido University, ²National Institute of Polar Research, ³Tokyo University of Marine Science and 

Technology, ⁴University of Tasmania 

Short-tailed shearwater (STSH) breeding in Tasmania employs a dual foraging strategy and they feed in 

the Southern Ocean during long trips. In the Southern Ocean, Antarctic krill (krill) is a key species, while 

myctophids can be one of alternatives. In the Indian sector, where krill abundance is relatively low 

compared to the Scotia-Weddell Sea, krill-independent food web may be developed regionally. In this 

sector krill-dependent food web may be dominant over the continental slope while krill-independent 

food web may be in oceanic zone. To understand how does STSH move in these two habitats in the 

Indian sector, we tracked individuals using GPS logger and identified prey species of tracked individuals 

using fatty acid signature of stomach oils. We collected 14 long trip tracks and two oil samples from 

STSH breeding on Wedge Island in Tasmania in Jan- Feb 2019. Two core-use areas (50% kernel density) 

were recognized. One (named "core-2") was in 160°E 67°S l in the continental slope zone and the other 
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("core-3") was in 120°E 57°S in the oceanic zone. 93% of birds used Core-2 during the long trips. We 

analyzed fatty acid composition of stomach oil in two birds spending 7 days in 2core area before visiting 

the colony. The fatty-acids profile indicated that the two birds fed on myctophids. Core-3 might also be 

important to some extent but no diet samples were available at this moment. This study indicates that 

at least some individuals fed on myctophids even over the continental slope. This study indicate the 

importance of myctophids in the Southern Ocean ecosystem. 

 

Behavior III, Genetics II 
A comparative study of a temperate and subtropical, small procellariiform, the Wedge-tailed 

shearwater Ardenna pacifica in southeastern Australia 

Penny Beaver¹, Mary-Anne Lea¹, Nicholas Carlile² 

¹University of Tasmania, ²NSW Department of Premier and Cabinet 

Species migratory behaviour and preferences in oceanic habitats respond to dynamic changes in their 

environment, they will adapt their foraging strategies which can impact predator-prey relationships, 

displace other species, change species range or alter their annual cycle. Wedge-tailed shearwaters 

Ardenna pacifica are a migratory procellariiform found throughout the Pacific and Indian Oceans, 

utilising a variety of tropical and sub-tropical habitats and breeding across a wide latitudinal range that 

recently has been extending poleward. Information on their diet, niche breadth and habitat utilisation 

has not been well-documented for populations at their southern-most extent, with limited information 

of this species from temperate south-eastern Australia. Wedge-tailed shearwaters were tracked over a 

three-year period across two distinct latitudinal breeding colonies (temperate versus sub-tropical) from 

south-eastern Australia, with both populations showing high-levels of winter site-fidelity and dietary 

consistency. This was not the case during the breeding phase, with clear habitat partitioning exhibited 

with the temperate population targeting an area much further south on or near the sub-tropical frontal 

zone (STFZ). The results identified a staging trip just prior to their northern migration down to the STFZ 

for all three years for the temperate population and less predictably for the sub-tropical population. The 

analysis from feather stable isotopes revealed different foraging strategies exhibited during the 

breeding phase with a degree of trophic δ15N and habitat δ13C variation. The results from this study, 

show clear habitat partitioning occurred between populations and a high degree of plasticity between 

years. 

Urban gulls of the Pacific coast of North America: Balancing wildlife conflict concerns with the 

protection of urban breeding sites 

Edward Kroc¹, Louise Blight² 

¹University of British Columbia, ²Procellaria Research & Consulting 

Gulls are one of the very few avian taxa to occur on all continents, and many species have adapted 

remarkably well to living alongside humans in urban environments. Paradoxically, many of these species 

continue to experience overall population declines, even as urban-nesting populations grow. In this talk, 

we will present details about several gull species that occupy the Pacific coast of North America: 

Glaucous-winged (Larus glaucescens), Western (L. occidentalis), Herring (L. argentatus), Mew (L. canus), 

and Heermann's (L. heermanni). Drawing on six years of field work across Canada and the US, we will 

compare and contrast the urban ecologies of these species with those of their declining, non-urban 
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conspecifics. Nest site demographics, as well as colony density, nest fidelity, and reproductive success 

figures will be presented. We will also discuss several spatial models that we have developed to predict 

urban-nesting behaviour in these species. As urban-nesting becomes more commonplace, a host of new 

human-wildlife conflicts can arise, as well as many exciting conservation opportunities. These issues and 

ideas demand a deeper knowledge of the breeding ecology of urban gulls, and our work represents 

another step toward this. 

Speciation and population differentiation in yellow-nosed albatrosses 

Dilini Abeyrama¹, Zach Dempsey¹, Peter Ryan², Theresa Burg¹ 

¹University of Lethbridge, ²FitzPatrick Institute of African Ornithology 

The two species of yellow-nosed albatross, Atlantic (Thalassarche chlororhynchos) and Indian 

(Thalassarche carteri), are morphologically similar, however, they show some differences in behaviour 

and breeding range. We studied genetic variation within and among the two species using nuclear 

(microsatellite, Pema7 and Occa9) and mitochondrial (control region) markers. We analysed 201 

samples of Atlantic yellow-nosed albatross from Nightingale, Inaccessible and Gough Islands and 33 

samples of Indian yellow-nosed albatross from Amsterdam Island. Both sets of markers differentiated 

the two species. Microsatellite and Occa9 nuclear markers revealed two genetically distinct groups 

within Atlantic yellow-nosed albatross, grouping birds from Nightingale and Inaccessible Islands 

together and separating birds from Gough Island. Differences in at-sea distribution might have resulted 

in genetic differentiation within Atlantic yellow-nosed albatross, but there is no evidence currently of 

such differences. Both species are listed as endangered due to their limited number of breeding sites 

and threats from introduced diseases, introduced predators and fishing mortality. Our results contribute 

to conservation and management plans for the two species, and suggest the need for separate 

management of the two genetically distinct groups of Atlantic yellow-nosed albatross breeding at the 

Tristan group (80%) and Gough Island (20%). Key words: yellow-nosed albatross, genetic variation, 

microsatellite, nuclear marker 

 

Tracking III 
Tracking seabirds: What technology is out there and what can we do with it 

Sarah Deans¹, Sean Walls¹ 

¹Lotek UK 

For four decades VHF radio tracking has offered a much deeper insight into avifauna than binoculars and 

a notebook can offer. Since the turn of the century, new technologies have reduced in size and power 

consumption to the extent that they are becoming suitable for use on progressively smaller species. 

Tracking highly-migratory or dispersing seabird species becomes a reality where it was difficult-to-

impossible using beeper radio tracking. Improved location accuracy and reduced power consumption 

allow much finer spatial and temporal scale studies to be conducted. For small migratory seabird 

species, the Motus Wildlife Tracking System provides an international collaborative research network 

that uses a coordinated array of automated logging radio-receivers to track the movement and 

behaviour of small flying organisms. Geolocators and Store on Board GPS provide a solution for small 

migratory seabirds that can be recaptured after a long-term study. For bigger migratory seabirds, GPS 

with remote download and PTT Satellite tags can provide a solution. However, the challenge of a wider 
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range of options can make the selection of the most appropriate technology difficult. In this talk we look 

at the different technologies and discuss how they can be used for seabirds no matter what their size is. 

At-sea distribution range differs with breeding outcome in a wide-ranging pelagic seabird, the short-

tailed shearwater (Ardenna tenuirostris) 

Katherine Brownlie¹, John Arnould¹, Paco Bustamante², Jérôme Fort² 

¹Deakin University, ²La Rochelle Université 

To fully understand the impact of threats on seabird species and establish appropriate conservation 

actions, an accurate knowledge of species distribution range and the environmental conditions and 

constraints to which they are exposed is critical. While recent developments in data loggers and 

miniaturised tracking technologies have revolutionised our understanding of the at-sea movements and 

distribution of many seabird species, some life stages or breeding status such as failed breeders remain 

poorly studied. Using geolocation data loggers, we investigated the at-sea distribution of failed and 

successful breeding short-tailed shearwaters (Ardenna tenuirostris) during their annual cycle. Although 

no notable difference was observed between failed and successful breeders in their winter distribution, 

we found that the majority of failed breeders depart the breeding colony and migrate earlier to forage 

in different areas during the chick-rearing and post-breeding periods. Importantly, we demonstrate the 

use of the western Indian Ocean and eastern Atlantic sector of the Southern Ocean during these periods 

by failed breeders, far beyond the current limit of the short-tailed shearwater delineated distribution 

range. Our study thus demonstrates the importance of tracking individuals of different breeding 

outcome when investigating the large-scale distribution and movements of highly mobile seabirds to 

fully and accurately document the distribution range of species. 

Using hidden Markov models to identify Ancient Murrelet foraging behaviour and habitat during the 

breeding season 

Vivian Pattison¹, Laurie Wilson¹, Patrick O'Hara¹, Christopher Bone², Laura Cowen² 

¹Environment and Climate Change Canada, ²University of Victoria 

Understanding where seabirds travel and the behaviours they exhibit while on foraging trips is an 

important step in understanding their at-sea habitat requirements. Investigating movements of 

individuals from specific breeding colonies has become easier with the advent of tracking devices that 

can be mounted directly on individual birds. Foraging areas are often of most interest for conservation 

management, and one of the first steps to identifying important foraging habitat is to differentiate 

foraging behaviour from the record of movement captured by tracking devices. The Ancient Murrelet 

(Synthliboramphus antiquus) is a seabird species of conservation interest in Canada, due to the high 

proportion of the global population nesting in a relatively concentrated area of the British Columbia 

coast. In 2018 and 2019 we collected GPS tracks from Ancient Murrelets nesting on two colonies within 

the Haida Gwaii archipelago. We calculated trip metrics such as foraging range, total trip length, and trip 

duration. We successfully used hidden Markov models to classify movement exhibited by murrelets into 

three behaviour states (foraging, resting, and transit). We found that immersion data from GPS tags 

were essential for differentiating slow-moving behaviours. Logistic regression models suggested that 

depth, seafloor slope, tidal speed, and distance from the colony were negatively associated with 

foraging probability, while foraging intensity was greater in deeper areas. The combination of individual 

movement analysis and habitat analysis provides an important first step to identifying priority at-sea 

habitats, including critical breeding-season foraging areas, for murrelets in the waters around Haida 
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Gwaii. Results will be used by the Canadian Government in support of the Ocean Protection Plan and 

successful management of this species under the Species at Risk Act. 

Ohinau Island to the Pacific and beyond - tracking flesh-footed shearwater fledglings 

Patrick Crowe¹, Dan Burgin¹, Graeme Taylor², Igor Debski², Elizabeth Bell¹ 

¹Wildlife Management International Ltd, ²Department of Conservation 

Geolocator tracking of adult flesh-footed shearwaters from breeding colonies in Australia and New 

Zealand has shown that these adults travel northwards to either the coast of Japan or India (in the case 

of Western Australia populations) during their non-breeding period. However, there are numerous year-

round sightings of flesh-footed shearwaters off the coast of North America; could this be where 

fledglings go? To gain more understanding of the at-sea movements and distribution of juvenile flesh-

footed shearwaters, ten Geotrak Solar satellite tracking devices were deployed on fledglings from 

Ohinau Island on the Coromandel Peninsula, New Zealand. All ten fledged from the island, but one 

device never transmitted, and another only transmitted for a few 100 km before stopping. The 

remaining eight fledglings headed immediately northwards into the Pacific within 10 days of leaving 

Ohinau Island before slowing down and beginning to forage north of Fiji or east around Samoa and 

Tokelau. Once in this area, all devices stopped transmitting. Given all of the devices had good battery 

levels when they last transmitted, it is possible that all these flesh-footed shearwater juveniles were 

accidentally caught in commercial fisheries in this known high-intensity fishing region. However, despite 

the very secure attachment method, we cannot rule out that the fledglings did not just simply pull the 

devices off as the adults are prone to do, although this would be unusual as all the birds would have had 

to decide to do this at the same time and in the same at-sea region. This work shows the need for 

continued tracking of all age classes of flesh-footed shearwaters to further determine their distribution 

and behaviour at sea and importantly, the risk to this species from fishing. 

 

Conservation I 
Knowledge, Perceptions and Attitudes of local people towards seabird conservation: case study of 

Pitti Island, Lakshadweep, India 

Ravichandra Mondreti¹ 

¹Independent Researcher & Consultant 

I carried out a survey using a semi-structured questionnaire, in order to evaluate the knowledge, 

perceptions and attitudes of local people towards seabird conservation. The present study is the first 

preliminary attempt in the Indian subcontinent to infer the attitudes of local people towards seabirds. I 

interviewed a total number of 800 people from Kavaratti Island, the nearest inhabited island, located 24 

km from Pitti. Pitti (10°4631.8ʺN, 72°323.4ʺE) is a small triangular-shaped coral island with an area of 

0.0121 km2. I assessed the local people support for seabird conservation by identifying and evaluating 

the drivers of seabird egg collection, and the level of dependence on seabird eggs. 576 (72%) survey 

participants acknowledged their involvement either in harvesting or trade of seabird eggs. The majority 

of respondents (783, 98%) had knowledge of seabirds and had observed seabirds in their natural 

habitat. Only 3% of the respondents told that Pitti is regularly monitored by the authorities. 319 (40%) 

participants were either directly or indirectly involved in egg harvesting, and hence are less likely to 

support seabird conservation. A significant proportion (264, 33%) of the respondents were neutral in 
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their support for seabird conservation. The present sociological survey indicates that the dependency of 

local people on seabird eggs will likely reduce their support for conservation. Hence, unregulated egg 

harvesting in a small breeding colony such as Pitti would drive the seabird population to their extinction. 

Conservation biology of the endangered Ivory Gull in Arctic Canada 

Grant Gilchrist¹, Mark Mallory² 

¹Government of Canada, ²Acadia University 

The Ivory Gull (Pagophila eburnea) is among the rarest seabirds. It is associated with sea-ice throughout 

the year and breeds at high latitudes in Arctic Canada, Greenland, Svalbard and the northern islands of 

Russia in the Barents and Kara seas. It nests in mainly small (i.e., 5 to 200 pairs), scattered colonies and 

there is growing international concern regarding declining population trends. In response, an 

international circumpolar ''Ivory Gull Conservation Strategy and Action Plan'' has been presented by the 

Arctic Council to generate new research into how this bird is responding to increases in the 

disappearance of sea ice habitat, natural resource exploration, and contaminants. Here we present 

recent findings from Canada. The Canadian population of Ivory Gulls has declined by 70 % since the 

1980s at colonies that were known to exist before 2002. Recent aerial surveys conducted by us in 2019 

indicate that the population has not recovered, and further, suggests that the breeding range of the 

species has contracted northward. Satellite tracking of Ivory Gulls from Arctic Canada shows that they 

migrate to winter in Davis Strait and Labrador Sea which has recently been confirmed as a key wintering 

area for the species in the Atlantic. As a top-predator and scavenger, the ivory gull is vulnerable to 

contaminants that concentrate through the food chain (biomagnifying contaminants). In Arctic Canada, 

the levels of pesticides in ivory gulls (including organochlorinated pesticides (OCPs), DDT and 

polychlorinated biphenyls (POPs)) and a heavy metal (mercury) are among the highest ever reported in 

arctic seabirds. 

From research to cross-boundary management action: addressing the decline of the thick-billed murre 

in the North Atlantic 

Morten Frederiksen¹, Sébastien Descamps², Kyle Elliott³, Jérôme Fort⁴, Nicholas Huffeldt⁵, Aili Labansen⁵, 

Jannie Linnebjerg¹, Flemming Merkel¹, Gregory Robertson⁶, Thorkell Thorarinsson⁷ 

¹Aarhus University, ²Norwegian Polar Institute, ³McGill University, ⁴Université La Rochelle, ⁵Greenland 

Institute of Natural Resources, ⁶Environment Canada, ⁷Northeast Iceland Nature Centre 

Many North Atlantic populations of thick-billed murres Uria lomvia are declining rapidly. Specifically, all 

populations wintering off West Greenland are declining, whereas most populations wintering off 

Atlantic Canada are stable. Murres are migratory and often cross international boundaries between 

their breeding and wintering areas. We have aimed to understand the impact of the various potential 

drivers of this decline, most importantly human harvest and climate change-related variation in 

oceanographic conditions in the wintering areas. Oceanographic conditions, including the state of the 

North Atlantic Subpolar Gyre, are hypothesized to affect food availability, energy costs and thus energy 

balance and survival. We have used a variety of approaches to quantify the importance of various 

drivers for murre population growth. Population models indicate that low pre-breeding survival may be 

responsible for the observed large-scale declines. In early 2022, we bring together researchers and 

representatives of management agencies from four countries to present results of the project and 

discuss options for coordinated cross-boundary management, potentially a legally binding international 

management plan. 
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Real-time predictions of seabird distribution offer improved basis for risk assessments in the future 

Henrik Skov¹, Teo Theophilus², Mads Madsen¹, Thomas Uhrenholdt¹, Frank Thomsen¹, Jonas Mortensen¹, 

Per Fauchald³, Stefan Heinänen⁴ 

¹DHI, ²DHI Water & Environment Pte. Ltd., ³Norwegian Institute for Nature Research, ⁴Novia University of 

Applied Sciences 

Current knowledge is inadequate to safeguard seabird populations from impacts of oil spills, overfishing, 

displacement and collision risk at marine renewable installations. This gap is to a large extent driven by 

the fact that standard statistical models applied to survey data provide limited documentation of the 

fine-scale distributional dynamics and patchiness of seabirds. Here, a new dynamic modelling 

framework solution is presented for prediction of fine-scale concentrations and movements of seabirds 

in close-to-real time using fully integrated 3-D hydrodynamic models, dynamic habitat suitability models 

and agent-based models. The modelling framework has been developed and validated for seabirds in 

the Barents Sea where available seabird survey data are fragmented. Long-term (10 years) dynamic 

patterns describing currents and winds at hourly intervals were extracted from a 3-dimensional 

hydrodynamic module calibrated against local measurements. Long-term patterns of habitat suitability 

were deduced from dynamic distribution models describing the correlation between surveyed densities 

and water mass and frontal characteristics extracted at hourly intervals from the hydrodynamic module. 

Long-term movement patterns and energetics were quantified using agent-based models which 

integrated the modelled timeseries of currents, winds, sea temperature and habitat suitability. The 

oceanographic and habitat predictions were validated against independent measurements and 

observations, which were not used in the parameterisation of the models. The model results underline 

that model complexes integrating high-resolution hydrodynamic, distribution and agent-based models 

constitute an improved basis for undertaking more precise assessments of the risk of seabirds from 

anthropogenic pressures in the future. 

Is the world's largest African penguin colony influencing productivity in the near shore waters? 

Giannina Passuni¹, Lucienne Human², Stuart Riddick³, Mfundo Bizani², Paula Pattrick², Shaun Deyzel², 

Tommy Bornman², Lorien Pichegru⁴ 

¹University of Hamburg, ²South African Environmental Observation Network, Elwandle Coastal Node, 

³Department of Civil and Environmental Engineering, Princeton University, ⁴Nelson Mandela University 

In nutrient-depleted coastal waters, supply is principally dependent on allochthonous sources, such as 

seabird excretions. Among seabirds, penguins are the largest contributors to nutrients worldwide 

although most of their populations are decreasing rapidly. It is therefore important to understand their 

contribution to the cycle of nitrogen (N) and phosphorus (P) in coastal ecosystems, to then predict the 

potential consequences of their losses. We quantified the N and P production at the world's largest 

African penguin (Spheniscus demersus) colony in Algoa Bay, South Africa. We modeled the fate of these 

nutrients using the Generation of emissions from Uric Acid Nitrogen Outputs model (GUANO). Then, we 

explored the potential effects of penguin excreta on the dissolved inorganic N and P in the water, and 

production (chlorophyll-a, the biomass of zooplankton and larval fish density) in an area close (200m) 

and far (2km) from the colony. Penguins excreted annually a total of 45.35 tons of N and 8.39 tons of P. 

Most of the N excreted was volatilized (57-76 % in NH3t ), and only a small quantity was washed off into 

the ocean ( 5-20% washed as total ammoniacal). Precipitations and the amount of humidity in the air 

triggered both processes. Following previous results, concentrations of N, P and productivity were 

similar close (200 m) and farther (2 km) from the colony, suggesting a limited influence of penguin 
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excreta on the immediate marine environment. Compared to other sources of nutrients, the amounts of 

N and P excreted by penguins were similar to the closest estuaries but smaller compared to the sewage 

loadings. Industrial and domestic sewages loaded in the bay up to eight times more N and five times 

more P than the amounts produced by penguins. These numbers raise our concerns about a potential 

imbalance in stochiometry of nutrients and the risk of eutrophication of waters near the colony. 

 

Biology & Breeding/Non-Breeding Biology I 
Discovery of phenology and breeding behaviour of the critically endangered Mascarene Petrel 

(Pseudobulweria aterrima) on La Réunion 

Jerome Dubos¹, Patrick Pinet², Martin Riethmuller³, Yahaïa Soulaimanay Mattoir³, Fabien Jan³, François-

Xavier Couzi³, Matthieu Lecorre⁴ 

¹Université de La Réunion (UMR ENTROPIE), ²Parc national de La Réunion, ³SEOR, ⁴Université de La 

Réunion 

The Mascarene Petrel (Pseudobulweria aterrima) is a critically endangered seabird, endemic to Reunion 

island (Western Indian ocean island). It is one of the rarest and most endangered birds in the world 

belonging to the least known seabird genus. The species was supposed to be extinct for 80 years, before 

being rediscovered in 1970 with a grounded bird. Then, it was only known by several grounded birds and 

a few flight calls recorded in 2001 but no information was existing on basic breeding biology. The efforts 

implemented by the collaborative LIFE Petrels program initiated in 2014, allowed us, in 4 years, to 

collect a lot of scientific knowledge on biology, breeding behaviour and habitat selection. In this study, 

we focuson the breeding activity, using song recorders and camera traps, in order to describe it for the 

first time. We recorded and analysed up to 30 000 hours at 121 different locations all the years long and 

detected more than 120 000 vocalisations since 2015. The use of camera traps on the first two colonies 

discovered during breeding season 2016/2017 allowed us to analyse up to 5 300 videos which revealed 

more than 3 800 Mascarene Petrel behaviour. We will present here for the first time the most complete 

vocal repertory of the species (flight vs ground calls, male vs female, intraspecific interactions) and vocal 

activity pattern for night, season and moon phases. Finally, we will describe breeding phenology and 

differences in both colonies surveyed (20 km apart) explaining the 3 months fledgling period. 

A mystery solved - How and where do guillemot chicks spend their second half of their rearing period? 

Benjamin Merkel¹, Hallvard Strøm² 

¹Akvaplan-niva, ²Norwegian Polar Institute 

A recent decline in the Norwegian populations of Brünnich's and common guillemots, the largest living 

auks and constituting a substantial amount of North Atlantic seabird biomass, is causing considerable 

concern. Both species share a very special, semi-precocious breeding strategy with the single chick 

spending roughly a month on narrow cliff ledges before jumping off while still unable to fly and moving 

out to sea accompanied by its father. The chicks fledge somewhere on the open ocean. Where they go 

and how they spend this second half of their rearing period has always been a mystery. With dramatic 

increases in human impact and activity in the world's oceans over the last decades, it has thus become 

paramount to document this crucial part of the guillemot life cycle to be able to successfully preserve 

these threatened species. In this study, we documented and quantified for the first-time the swimming 

migration of guillemot chicks from when they left the breeding ledge until fledging. To do this, we 
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attached satellite transmitters to chicks of both species immediately before jumping at a high-Arctic 

colony where they breed sympatrically (Bjørnøya, 74.5°N 18.9°E). At the same time, we attached time-

depth recorders to the accompanying fathers to determine the time spent until fledging. Chicks of both 

species moved rapidly away from the colony at an average speed of 22 to 27 km d-1 along clearly 

defined routes. For both species, the migration to species-specific autumn staging areas lasted about 2 

to 4 weeks. As such, what is an extremely vulnerable period for guillemots is now clearly defined and 

seems predictable in both space and time. As a result, decisive areal planning of human activities in the 

areas involved is now possible to mitigate negative impacts on these species. 

Sharing menus or kids specials? Inter- and intraspecific differences isotopic niches between 

sympatrically breeding storm-petrels 

Anne Ausems¹, Grzegorz Skrzypek², Katarzyna Wojczulanis - Jakubas¹, Dariusz Jakubas¹ 

¹University of Gdansk, ²The University of Western Australia (M090) 

According to niche theory, sympatrically breeding species with similar diets frequently show foraging 

niche partitioning to decrease inter-specific competition, e.g. through temporal or spatial separation, or 

foraging specialisation. In this study, using stable isotope analyses, we aimed to assess the extent of 

niche overlap, differences in niche width and the relationship between isotopic signatures and chick 

growth in two sympatric storm-petrel species, Fregetta tropica (BBSP) and Oceanites oceanicus (WSP) 

breeding in Maritime Antarctica. We analysed δ15N and δ13C in chick down (pre-laying maternal diet), 

chick feathers (under tail coverts, UTC; current diet) and adult blood (current diet), and δ18O in UTC. We 

found isotopic (N, C) niche overlap (proportion (± confidence interval) of the standard ellipse area 

intersection relative to BBSP and WSP areas) for blood (BBSP 0.39 ± 0.18; WSP 0.10 ± 0.05) and down 

(BBSP 0.57 ± 0.19; WSP 0.26 ± 0.11), but a lack thereof for UTC (BBSP 0.05 ± 0.13; WSP 0.01 ± 0.03). We 

found wider isotopic niches for WSP compared to BBSP in all three tissues, indicating differences in 

foraging flexibility between the species. In both species body mass growth was negatively correlated 

with δ15N (in UTC for BBSP and in down for WSP). Tarsus growth was positively correlated with δ18O in 

WSP. We found no correlations for δ13C. The observed niche overlap between BBSP and WSP adults 

during the pre-breeding (down) and chick-rearing (blood) phases can be explained by their reliance on 

superabundant Antarctic krill (Euphausia superba). Despite similar chick growth rates in both species, 

BBSP chicks were fed a more nutritious diet, as implied by higher δ15N values, and the more frequent 

occurrence of fish in BBSP regurgitations reported in previous studies. While the highly productive 

Antarctic environment might reduce inter-specific foraging competition, chick nutrition requirements 

might force parents to be more selective in chick prey selection. 

Partner intrinsic characteristics influence foraging trip duration, but not parental care coordination in 

wandering albatrosses (Diomedea exulans) 

Fionnuala McCully¹, Henri Weimerskirch², Stephen Cornell¹, Benjamin Hatchwell³, Patrick Samantha¹ 

¹University of Liverpool, ²Centre d'Etudes Biologiques de Chizé (CNRS & La Rochelle Université), 

³University of Sheffield 

Foraging trip duration is an important mediator of fitness in seabirds. Many species coordinate their trip 

duration, but how this coordination varies across individuals, or drivers of the trip duration itself are not 

fully resolved. Age has been shown to affect coordination strength in some seabird species, but the 

influence of other intrinsic variables, such as personality remain understudied. Furthermore, studies 

examining whether individual or partner traits set the pair trip duration are lacking. Here we examined 
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the role that boldness and age play in determining individual foraging trip duration and pair 

coordination exhibited by wandering albatrosses (Diomedea exulans). Saltwater immersion loggers 

collected foraging trip durations across incubation and brooding periods from one member of 71 pairs 

on the Crozet archipelago. Foraging trip duration was modelled with personality (human approach 

testing boldness), age of both partners and partner's previous trip duration. Parental coordination was 

stronger during incubation when compared with brooding, but it was not influenced by any intrinsic 

variables in either breeding stage. Surprisingly, individual foraging trip duration during incubation was 

mainly driven by partner intrinsic characteristics, with birds paired to older and bolder partners taking 

shorter foraging trips. During brooding, increased boldness of the individual and their partner led to 

shorter foraging trips but there was no effect of age. Contrary to many predictions, these results suggest 

that the partner's capacity or willingness to remain on the nest is the major driver of foraging trip 

duration and they highlight the importance of modelling pair behaviour. 

Transatlantic Vagrancy in Both Directions: Gulls of the North Atlantic 

Marlen Acosta Alamo¹, Lisa Manne², Richard Veit² 

¹Graduate Center and College of Staten Island, City University of New York, ²CSI and Graduate 

Center/CITY UNIVERSITY of NEW YORK 

European gulls Chroicocephalus ridibundus, Larus canus , and L. graellsii have dispersed to North 

America and all of these except L. canus have bred or attempted to breed. At the same time, North 

American gulls L. delawarensis, Leucophaeus atricilla, and Leucophaeus pipixcan have dispersed to 

Europe, although no successful breeding by non-hybrid pairs has yet occurred. We extracted data from 

the journals North American Birds, British Birds, and several regional ornithological works to examine 

how transatlantic vagrancy varies year to year and test the hypothesis that population size in the source 

area predicts vagrancy in the receiving area. We performed a model selection between generalized 

linear and generalized additive models. At the within-species level, we repeated these analyses for 

regional populations of L. delawarensis. For both the between-species comparison, and for the within-

species comparison, we found moderate support for our hypothesis. We discuss the implications of our 

findings for the ability of gulls (and other organisms) to adapt to changing climate through exploration of 

potential new habitats. 

Activity budget of wintering Indian skimmer (rhynchops albicollis) at Domar Char, Bangladesh 

Delip Das¹, Ashik Galib², Naim Khandakar¹, Md. Hafizur Rohman¹, AHM Reza³ 

¹Jagannath University, Dhaka, Bangladesh, ²Wildlife Conservation Society, Bangladesh, ³Delta State 

University 

Indian Skimmer Rynchops albicollis is categorized as globally 'vulnerable' species, mostly because of its 

rapid population decline due to widespread degradation and disturbance of lowland rivers and 

wetlands. At present, the last strongholds of the Indian Skimmer are India and Bangladesh. This species 

has recently been updated as 'Critically Endangered' in the national Red List of Bangladesh. Similarly, 

more than 60% (c.555 to 230 individuals) decline can be inferred from the survey results between 1994 

and 2010 in India. Although we have some anecdotal and descriptive information on its ecology, 

behavior and habitat requirements, Indian Skimmer is one of the least known globally vulnerable species 

in the region. We have described the activity budget of the Indian Skimmer in its wintering ground at 

Domar Char, Bangladesh. Located in the Ganges-Brahmaputra-Meghna delta in Bangladesh, Domar Char 

has been recognized as a global Important Bird and Biodiversity Area (IBA) where large congregations of 
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Indian Skimmer have been observed in the last 10 years. We used scan sampling technique to quantify 

the activity budget of Indian Skimmer between Janaury and March 2016 when a total of over 47 hours 

of observations were made. Indian Skimmer spends most of its time in roosting (49%) followed by flying 

(33%), being alert (11%), preening (4%), foraging (2%) and interacting (1%). Even though there is a slight 

monthly variation in most of these activities but statistically, there is no significant difference in any of 

the six activities over the three months period (F 2.40 < F crit 3.68 with a p value of 0.12). During high 

tide, the birds spent more time in being alert, flying and interacting with other individuals, while 

foraging, roosting and preening were observed more common during low tide. Nearly half of the day 

time, Indian Skimmer spent time by flying or being alert (=44%) due to anthropogenic disturbances. We 

found a high level of anthropogenic and natural disturbances in the roosting sites in Bangladesh. 

Protecting their roosting sites and minimizing disturbances would certainly improve conservation of 

Indian Skimmer in Bangladesh. 

 

Conservation II 
Effectiveness of a 20-year seabird rescue citizen-science campaign: estimating post-release survival 

Elizabeth Atchoi¹, Joël Bried¹, Sofia Garcia², Airam Rodríguez³ 

¹Okeanos-UAç, ²DRAM - Regional Directorate for Sea Affairs, ³CSIC - Department of Evolutionary Ecology, 

Estación Biológica de Doñana / GOHNIC 

Cory's Shearwater (Calonectris borealis) juveniles, like most tubenose seabirds, are negatively affected 

by light pollution during fledging. Urban artificial lights attract and disorientate juveniles that fall to the 

ground in massive numbers. Since 2001, a citizen-science rescue campaign organized by DRAM, Azores 

Government, has allowed the rescue and release to sea of over 38.000 juveniles throughout the Azores 

archipelago. The campaign is well established with high success rates, releasing around 90% of collected 

juveniles. The fate of rescued birds and their recruitment into the breeding population, however, are 

unknown. The species' nocturnal habits, delayed recruitment or inaccessible colonies prevent an 

efficient recapture of returning individuals. Only 13 out of 9000 fledglings ringed and measured during 

the rescue campaigns have been recovered (6 alive, 7 dead). Here we apply an alternative method to 

assess campaign effectiveness by using biometric data collected during ringing, to estimate the potential 

post-release survival of rescued juveniles. Mass at fledging has been linked with juvenile survival 

(minimum 85% of adult average mass). Potential survival after release was estimated using the 

corresponding threshold of 714g (85% of average adult mass in the Azores). Results show that 65% of 

released juveniles were above the threshold. These preliminary results corroborate the campaign as a 

mitigation tool for light-induced fledgling mortality, with high proportions of rescued individuals and a 

high potential survival at release. Of the recaptured individuals (confirmed survival) 75% were above 

threshold at fledging, however more recaptures are needed to accurately estimate survival mass 

threshold. Overall fledgling condition deteriorates throughout the rescue campaign, with the latest 

fledglings being lightest. Correctly assessing survival thresholds will help to improve campaign design 

and effectiveness. Future assessments will include juvenile survival rates at-sea and conditioning 

environmental factors that can further reduce survival. 

Beyond safe land: revealing the oceanic distribution and exposure to anthropogenic contaminants of 

the globally endangered Bermuda petrel 

Letizia Campioni¹, Jeremy Madeiros², José Pedro Granadeiro³, Bernat Oró-Nolla⁴, Silvia Lacorte⁴, Ilaria 
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Marengo⁵, Marcello D'Amico⁶, Monica Silva⁷ 

¹ISPA-Istituto Universitario, ²Ministry of the Environment, PO Box FL588, Flatts, FL BX, Bermuda, 

³Faculdade de Ciências da Universidade de Lisboa, CESAM, ⁴Institute of Environmental Assessment and 

Water Research (IDAEA-CSIC), ⁵InnovPlantProtect, ⁶Doñana 

Gadfly petrels (Pterodroma genus) are pelagic seabirds of increasing conservation concern most of 

which are endemic to oceanic islands. In the North Atlantic, the Pterodroma cahow recovered from 

near-extinction due to the implementation of a recovery plan initiated in the 60s. The remnant 

population of 18 pairs has steadily increased to 131 pairs in 2019 but breeding failure due to decreased 

egg hatchability has increased over the last decade (25%-44%). Similarly, to promote population 

recovery reducing disturbance, fundamental aspects of P. Cahow behavioural-ecology have remained 

little understood. To fill this gap of knowledge, in 2019, we investigated, for the first time, the at-sea 

distribution, trophic ecology and exposure to contaminants of adult individuals. GPS-tracked birds 

(n=28) spent 56.2% of their foraging time in areas beyond national jurisdiction followed by 34.8% in the 

EEZ of the Bermudas and, 4.5% in waters of both Canada and of the United States. There were no 

significant differences in trip extension between sexes or seasons but, the amount of time spent at-sea 

tended to be higher during incubation than during chick-rearing. The areas used for foraging in both 

seasons did not coincide, and consequently deferred in terms of oceanographic conditions i.e., 

bathymetry and SST. Moreover, birds isotopic niche (blood δ15N and δ13C) resulted completely 

segregated between seasons with individuals feeding at higher trophic positions during chick-rearing. 

PCBs were the most ubiquitous persistent organic pollutant in terms of detection rate although mean 

concentration in blood was moderately low (7.87 ng/g w.w). Total PCBs and OCPs concentrations 

decreased with increasing bird body mass but were unrelated to δ15N or δ13C levels. Concurrently, egg 

hatching probability was negatively related to PCBs and OCPs concentrations suggesting potential 

adverse effects on reproduction. Totally, we provided new information with important implications for 

the management and conservation of a globally endangered species 

Sociological analysis of seabirds rescue campaigns at Réunion Island 

Marion Manoro¹, Peter Hodum², Marie Thiann-Bo Morel¹, Matthieu LE CORRE¹, Patrick Pinet³ 

¹University of Réunion Island, ²Oikonos Ecosystem Knowledge, ³Reunion National Park 

With increasing threats to seabirds from multiple anthropogenic impacts, there is a compelling need for 

local communities to support and engage in efforts to conserve many seabird populations. To engage 

communities meaningfully, their awareness and perceptions of species of conservation concern and 

conservation activities need to be understood. Réunion Island, Indian Ocean, is home to a diverse 

seabird community, including two endemic species of petrels, the Critically Endangered Mascarene 

petrel (Pseudobulweria aterrima) and the Endangered Barau's petrel (Pterodroma baraui). In this study, 

we assessed public knowledge of and attitudes towards the two endangered petrels and community-

focused seabird conservation activities. We used two social surveys, one focused on recognition of 

Réunion seabirds and the long-term seabird rescue campaign on the island and the second on "Nuits 

Sans Lumiere," an annual month-long event to raise awareness of light impacts on seabirds. Ability to 

correctly identify species, endemic status and threats varied by species, with Barau's Petrel the best 

understood of the six focal species. In contrast, survey respondents were not as aware of the Critically 

Endangered Mascarene Petrel. Survey results indicate that impacts of light pollution on procellarid 

seabirds were generally well understood but that participation in the seabird rescue campaign is not 

widespread. Knowledge of and participation in "Nuits Sans Lumiere" varied by city, with Cilaos, the city 
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closest to petrel breeding colonies, being the most engaged. The event was perceived as beneficial for 

the petrels and for reducing energy usage. These results will help guide future community outreach and 

policy-making efforts. Keywords : Sociological survey, Procellariidae, Rescue Campaigns, Nuits Sans 

Lumière, social representation. 

Overview of the discovery, monitoring and conservation success of the very rare and critically 

endangered Mascarene Petrel (Pseudobulweria aterrima), Reunion Island 

Patrick Pinet¹, Jérôme Dubos², Martin Riethmuller³, Yahaia Soulaimana Mattoir³, Guillaume Verbeke³, 

Christophe Caumes¹, Patxi Souharce⁴, Laurence Humeau², Audrey Jaeger², Mathilde Huré¹, Jade Lopez², 

Merlène Saunier², François-Xavier Couzi³, Sarah Caceres 

¹Parc National de La Réunion, ²Université de La Réunion, ³Société d'Etudes Ornithologiques de La 

Réunion, ⁴Office national de la chasse et de la faune sauvage, ⁵DEAL Réunion 

Reunion Island (western Indian Ocean) is one of the islands in the world holding two endemic species of 

petrels, the Barau's Petrel (Pterodroma baraui), and the Mascarene Petrel (Pseudobulweria aterrima), 

both of which are poorly known and endangered. The principal threats to both species are introduced 

mammalian predators (rats and feral cats) and impacts of light pollution. The Mascarene Petrel has a 

very restricted population and is classified as the most endangered endemic seabird of Reunion Island, 

and one of the rarest seabirds in the world. Remarkably, the breeding colonies for this critically 

endangered species remained unknown until late 2016. How could breeding colonies of a species of 

global conservation concern be unknown for so long? Since 2015, an ambitious and multi-faceted 

program, called LIFE+ PETRELS, was initiated to engage massive research and conservation actions. 

Indeed, using innovating technic, 18 active breeding sites and 2 breeding colonies of Mascarene Petrels 

were discovered, and now, more than 45 nests were monitored with 85 individuals, allowing the team 

to study genetics, behaviour, biology and ecology of this elusive species. In only two breeding seasons, 

we have recorded a huge increase in reproductive success, from 0% in 2017 to more than 60% in 2019 

due to our conservation actions. In 2018, we also created the first two Mascarene Petrel artificial 

breeding colonies, including social attraction through playback calling every night. Surprisingly, artificial 

sites were quickly visited by birds at night, and we also recorded occupancy of artificial burrows within 

one year of deploying the nest boxes. In this talk, we propose an overview of all the incredible results 

obtained within the LIFE+ PETRELS project and share innovative strategies and creative techniques, both 

on the breeding colonies and with local human communities on Reunion, to address a multitude of 

threats to the long-term conservation of these two single-island endemic species. 

The impacts of marine traffic on a diving predator, the African Penguin 

Alistair McInnes¹, Laetitia Vibert², Andrea Thiebault³, Isabelle Charrier³, Katta Ludynia⁴, Nicky Stander⁴, 

Tegan Carpenter-Kling¹, Lorien Pichegru² 

¹BirdLife South Africa, ²Nelson Mandela University, ³University of Paris, ⁴SANCCOB 

Marine traffic has increased significantly since the turn of the century with associated amplification of 

noise fields having an important bearing on marine animals that utilise the same environment. The 

impacts of increased shipping traffic on seabirds is likely to become a major concern for seabirds that 

breed and forage close to busy maritime areas. The largest colony of the endangered African Penguin at 

St Croix Island is situated adjacent to one of the busiest marine traffic regions in South Africa. Marine 

traffic has increased significantly since 2016 when ship-to-ship bunkering activities commenced near the 

penguin colony. The breeding population of African Penguins here decreased by > 50 % since this time 
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and we investigated if increased marine traffic, and associated marine noise, had any influence on this 

trend. To do this we compared temporal trends in location fixes of stationary and in-transit vessels in 

Algoa Bay, using Automatic Identification System data, to the number of penguin breeding pairs before 

and after significant change-points in vessel traffic volumes. The results are discussed considering the 

current potential for maritime influences on threatened seabird colonies and various approaches that 

can hopefully mitigate these threats. 

How adequately are the critically endangered Balearic Shearwaters protected by the Special 

Protection Areas (SPAs) for seabirds? A case study in the Gulf of Cadiz. 

Andres de la Cruz Muñoz¹, Gonzalo Muñoz Arroyo¹, Dario Delgado² 

¹University of Cadiz, ²Private 

The expansion of marine protected areas in pelagic areas has been crucial to achieve sufficient 

protection of the oceans. However, there is still some controversy about whether these protected areas 

actually cover the vital areas for some species. We investigate the summer distribution of the critically 

endangered Balearic Shearwater and its overlap with the Special Protection Area for seabirds (SPA), 

using the Gulf of Cadiz as a case study. This area holds the SPA named Marine Area of Gulf of Cádiz, 

covering 2 314.2 km2. A dataset of nine years of vessel-based surveys between 2006-2017 was analysed, 

using Kernel Density Estimation to generate the core area polygons for each year. The area located off 

the Bay of Cádiz, southeast of the mouth of the Guadalquivir, has revealed as a very consistent key area 

for this species during summer. This area, covering 1 082 Km2, regularly hosted populations that 

exceeded the threshold for area of international importance (IBA criteria) for the species. The current 

SPA covers less than 40% of this new key area. The limitation in the number of years of monitoring and 

seasonal differences in the dataset used to establish the boundaries of the current protected area may 

be at the base of these discrepancies. This study emphasizes the importance of synthesizing and 

collecting long-term information to define marine protected areas and to assess their efficiency over the 

time. Furthermore, our study highlights the urgent need to expand this marine protected area to protect 

effectively this critically threatened species. 

 

Biology & Breeding/Non-Breeding Biology II 
Timing, duration and symmetry of moult in the Cape Gannet Morus capensis 

Oluwadunsin Adekola¹, Rob Crawford², Bruce Dyer², Azwianewi Makhado², Leshia Upfold², Peter Ryan¹ 

¹University of Cape Town, ²Department of Forestry, Fisheries and Environment 

Little has been reported on moult in sulids, including gannets. The Cape Gannet Morus capensis is an 

endangered seabird endemic to southern Africa. We describe the timing, duration, symmetry and 

sequence of flight feather moult in Cape Gannets from two breeding colonies and assess whether moult 

can be used as an index of condition. Using the Underhill-Zucchini model, we estimate moult parameters 

based on the proportion of feather mass grown. Adult Cape Gannets began primary moult at the 

beginning of January (2-3 January ± 28 days SD) at both colonies. Primary moult is protracted, with 

multiple active centres (mean ± SD 1.8 ± 0.8, range 1-4) and 2.0 ± 0.9 feathers growing at the same time 

(range 1-5). Primary moult is suspended by early June at Malgas Island (estimated duration of moult ± 

SE, 153.9 ± 4.1 days) and late June at Lambert's Bay (176.5 ± 5.5 days). Secondary moult commenced in 

late January and proceeded from two nodal points. Despite more secondaries (3.3 ± 1.9, range 1-8) 
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being grown simultaneously than primaries, 8% of birds were still moulting secondaries at the start of 

the breeding season. However, it was not certain that these individuals were breeding. Tail moult also 

overlapped with that of the primaries, with multiple active centres (2.7 ± 1.2, 1-6) and 2.9 ± 1.3 feathers 

growing at the same time (range 1-8). Almost all primary (98%) and secondary moult (97%) was 

symmetrical, but there was little symmetry in tail moult (54%). Rectrix symmetry tended to be greater 

among gannets at Malgas Island (T1: 58%; T2-T6: 67-73%) than at Lambert's Bay (T1: 50%; T2-T6: 55-

66%). Differences in moult duration and perhaps asymmetry between locations may be linked to 

foraging conditions, given that Lambert's Bay gannets are thought to be under greater food stress than 

Malgas birds. 

Australasian gannets demonstrate population-level flexibility in migration strategy 

Jonathan Green¹, Norman Ratcliffe², Ashley Bunce³, John Arnould⁴ 

¹University of Liverpool, ²British Antarctic Survey, ³University of Queensland, ⁴Deakin University 

Studies of seasonal migration within and between species help us to understand the drivers of this 

behaviour, why a diversity of strategies is observed and what might happen in the future under 

environmental change. Seabirds demonstrate the full range of non-breeding movement strategies from 

remaining fully resident to undertaking some of the longest recorded migrations. We investigated 

movement, behavioural time budgets and subsequent energetic costs during three winter non-breeding 

periods of a population of Australasian gannets (Morus serrator) breeding in southern Australia. We 

observed a novel strategy of facultative dispersal migration, not previously described in seabirds. In two 

years (2015 & 2016), gannets showed partial migration, similar to congeneric species, with some 

individuals travelling up to 2500 km while others remained resident. However in 2003, no individuals 

undertook a substantive migration and all remained close to their breeding colony throughout the 

winter. One consequence of this flexibility was an 8% increase in daily energy expenditure (DEE) at the 

population level in years with partial migration. This was driven by an increase in the time spent on 

water by migrating individuals, rather than an increase in the time spent in energetically costly flight. 

DEE for all strategies was greater during the winter than during the summer breeding period. We 

conclude that pressure for nesting space in their breeding colony, coupled with adequate locally 

available prey resources during winter means that for some individuals and in some years, migration is 

not advantageous or necessary. However the high DEE and observation of periodic partial migration 

suggests that in some years local resources are not enough to support the entire population, 

necessitating a dispersive migration in some individuals. Further work will investigate the nature of 

these localised drivers and whether this flexibility may provide resilience to environmental change. 

Modelling and mapping how common guillemots balance their energy budgets over a full annual cycle 

Ruth Dunn¹, Jonathan Green¹, Francis Daunt², Sarah Wanless², Mike Harris², Jason Matthiopoulos³, Mark 

Newell², Maria Bogdanova², Cat Horswill⁴ 

¹University of Liverpool, ²UK Centre for Ecology & Hydrology, ³University of Glasgow, ⁴ZSL Institute of 

Zoology 

Investigating how individual animals balance their energy budgets and survive full annual cycles is 

important for understanding interannual demography and the subsequent viability of populations. Due 

to the challenges associated with investigating year-round energy budgets and energy landscapes, 

understanding how individuals balance their energetics and avoid bottlenecks throughout the year 

remains poorly understood. Whilst technological advancements are increasing our knowledge of animal 
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energy expenditure, we developed an approach to investigate how other key components of animal 

energy budgets, namely energy gain and storage, varied in space and time. We developed a hierarchical 

Bayesian state-space model that used estimates of time-activity budgets, locations, and energy 

expenditure, derived from biologging data, to infer year-round time series of animal energy income and 

reserves. Our study system was a population of common guillemots Uria aalge breeding at a western 

North Sea colony. These seabirds manage their energy budgets by adjusting their behaviour and 

accumulating fat reserves. However, large-scale mortality events, where the proximate cause of death is 

starvation, following birds being in energy deficit over a sustained period, can still occur during severe 

weather conditions. We show that guillemot energy gain varies in both time and space. Our model was 

also able to account for seasonality in extrinsic drivers such as sea surface temperature and daylength, 

allowing us to identify times and locations of high energy gain. Estimates of guillemot body mass varied 

throughout the annual cycle and there was evidence that birds periodically experienced losses in mass, 

possibly due to energetic bottlenecks, leading to increased susceptibility to mortality. Birds also tended 

to be lighter towards the perimeter of their spatial distribution. We describe a framework that combines 

biologging data, conventional time-activity budget analysis, and Bayesian state-space modelling to 

identify times and locations of high energetic reward or energetic bottlenecks in a wild animal 

population. More broadly, this approach can be extended to address pure and applied scientific 

questions regarding the ecology, management and conservation of populations of wild, mobile animals 

that have previously been impossible to answer due to logistical complexities in collecting data across 

full annual cycles. 

 

Conservation III 
Microbial ecology of natural and artificial penguin burrows: implications for reproductive success, 

penguin health and conservation management 

Meagan Dewar¹, Eric Woehler², Peter Dann³, Theo Allnutt⁴ 

¹Federation University Australia/IPECS, ²University of Tasmania, ³Phillip Island Nature Parks, ⁴Theo 

Allnutt Bioinformatics 

The provision of artificial breeding sites has been used very successfully around the world as a practical 

means of managing populations limited by breeding site availability. Over 1000 nest-boxes have been 

installed on Phillip Island for penguins and up to 90% of the boxes are used for breeding, shelter and 

moulting. Nest-boxes, persist as breeding sites much longer than most natural sites, sometimes for 

decades, are excavated less frequently and accumulate significant amounts of excreta. Therefore nest-

boxes may harbour a different suite of microbial species than natural burrows with potential 

implications for penguin health. In addition, soil type may influence the microbial community of a 

nesting site. This raises the questions, is the microbial community in boxes similar to that in natural 

burrows? And are birds nesting in boxes at greater risk of disease? This study compared the microbial 

composition of natural and nest boxes on different soil types to answer these questions. The results 

from this study have shown that the microbial community (composition and diversity) of penguin 

burrows differs significantly with time (pre and post-breeding), nest type (natural vs artificial) and soil 

type (sand vs clay), indicating that artificial burrows, soil composition and penguin attendance influence 

the microbial composition. However, despite having different microbial communities, nest-boxes had a 

better breeding success in comparison to natural burrows, reinforcing an earlier study and gives us 
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confidence to continue using nest-boxes to increase the availability of nest sites and enhance penguin 

adaptation to climate change. 

Petrel responses to invasive species eradication on Macquarie Island 

Jeremy Bird¹, Richard Fuller¹, Rachael Alderman², Justine Shaw¹ 

¹University of Queensland, ²Tasmanian Government 

Invasive alien species are the most prevalent threat to seabirds worldwide. Recent syntheses 

demonstrate the progress that has been made in tackling this threat and facilitating seabird recovery, 

but they've also highlighted deficiencies in outcome monitoring. Australia's Macquarie Island, a 

Tasmanian State Reserve and World Heritage Site, has received major conservation investment for the 

management of invasive predators. The eradication of rabbits, rats and mice in 2011-2014 is the second 

largest eradication globally to date. One of the main motivations for pest management was to improve 

the status of nationally threatened seabird populations, although no specific recovery targets exist. We 

report the results of a three-year study to quantify short-term post-eradication responses of four 

burrowing petrels and consider longer-term responses based upon current trajectories. Blue Petrels and 

Grey Petrels were virtually or entirely extirpated from mainland Macquarie Island in the 20th Century. 

Population size, range and breeding productivity suggest both species are now increasing faster than the 

natural rate of population growth with immigration likely augmenting their populations. Antarctic Prions 

and White-headed Petrels remained extant in the presence of invasive predators, although their 

populations were in decline in the 1970s and had low productivity. There is little evidence of range 

expansion by either species, but contemporary estimates of both populations are an order of magnitude 

higher than the only previous island-wide estimates from the late 1970s. Current breeding productivity 

suggests their populations are now increasing. Our study provides quantitative evidence of population 

recovery and suggests pest management has achieved a short-term outcome of improving the status of 

nationally threatened seabird populations. However, we also find that current populations are well short 

of potential carrying capacity in this island ecosystem, something we may adopt as a longer-term 

objective of pest management. 

The take-off of a long-term regional programme to restore seabirds: challenges, first outcomes and 

perspectives 

Gaia Dell'Ariccia¹, Todd Landers¹ 

¹Auckland Council 

New Zealand is internationally recognized as the seabird capital of the world with approximately one 

quarter of all seabirds breeding here, of which 10% are endemic. Within New Zealand, the Auckland 

Region is a hotspot for seabird biodiversity. There are 25 seabird species known to breed in this region, 

of which 12 (50%) are New Zealand endemic species or subspecies. These include 12 petrels and 

shearwaters, 1 penguin, 1 gannet, 5 shags, 3 gulls and 3 terns. However, most of these birds are 

'threatened' or 'at risk', requiring urgent restoration and conservation management. This led the 

Auckland Council to establish the first regional government seabird monitoring and research 

programme, which started in late 2018. This long-term (over 10 years) programme aims to increase our 

knowledge on the presence, health, and trends of seabird populations in the Auckland Region and the 

factors affecting their population distributions and trends so as to advise and develop restoration 

actions to improve the conservation statuses of these species. Here we will present our approach in 

setting the first region-wide programme, the challenges in dealing with more than 25 species across a 
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wide area, including inaccessible islands, the first fieldwork activities and outputs, and the exciting 

perspectives for the restoration of thriving seabird populations. 

Identifying and managing Key Biodiversity Areas for seabirds on the Great Barrier Reef World Heritage 

Area 

Julie Dutoit¹, Golo Maurer², Andrew McDougall¹ 

¹Queensland Government, ²BirdLife Australia 

Queensland Parks and Wildlife Service and Partnerships (QPWS&P) and BirdLife Australia have been 

working together to identify Key Biodiversity Areas (KBAs) for seabirds on the Great Barrier Reef World 

Heritage Area. Seabird nesting and roosting sites have been assessed using the KBA criteria developed 

by the International Union for Conservation of Nature (IUCN) and data collected over the last ten years 

by QPWS&P. Six KBAs (made up of 39 individual islands or cays) have been identified. These 39 islands 

and cays have been further assessed to determine if they are adequately managed and protected. 

Management refers to how we identify, assess and mitigate threats to seabird nesting and roosting 

habitat. Threats include (but are not limited to) pest plants and animals, diseases, effects of climate 

change (such as more frequent cyclones, erosion and overtopping) and potential disturbance within 

closure areas by visitors. Protection refers to statutory protection that restricts visitor access, and 

associated disturbance to nesting or roosting seabirds. It applies to areas above Highest Astronomical 

Tide (HAT), the intertidal area and the airspace above these. Recommendations are being made to 

increase the protection and management of any sites that were assessed as inadequate. 

Spatial temporal modeling of marine vessel traffic and disturbance to seabirds 

Kirk Hart¹, Patrick O'Hara², Mark Hipfner², Ronald Ydenberg³ 

¹Coast Mountain College, ²Environment and Climate Change Canada, ³Simon Fraser University 

Risk assessments (defined as the combination of exposure to a stressor, and sensitivity of receptor to 

this exposure) that are spatiotemporally explicit are important tools for conservation actions such as 

establishing Marine Protected Areas, and the use of this tool has increased as large scale stressor and 

receptor databases become available. Automatic Identification System (AIS) is an automatic tracking 

system for marine vessels and data collected using AIS have provided the basis for numerous studies 

modeling stressors related to vessel traffic, including ship-source oil pollution, vessel strike, noise 

pollution and disturbance. However, models based on AIS are somewhat biased because AIS does not 

capture all vessels and this unknown proportion of traffic varies spatially and temporally. This is 

particularly important for understanding disturbance, where smaller non-AIS vessel traffic likely play a 

major role. In this talk, we present novel methodology for assessing marine vessel traffic that is not 

captured by AIS in coastal waters of British Columbia (BC), Canada, using data pulled from optical 

imagery coupled with AIS information. Imagery was captured by the National Aerial Surveillance 

Program, that conducts regular patrols of the Canadian coastal regions, and by using an autonomous 

camera-AIS system we developed and deployed in narrow passages. With these data we plan to model 

spatial and temporal variability of non-AIS and AIS vessel traffic and will use this as a proxy for exposure 

to disturbance for Rhinoceros Auklets (RHAU) breeding along the coast of BC. However, sensitivity to 

vessel traffic remains largely unknown. To better understand RHAU sensitivity to marine vessel traffic, 

we plan to compare movement data from tagged birds in areas with low and high traffic intensities of 

different vessel types, as well as historic chick growth data within the Lucy Islands colony. We will 

discuss preliminary results in this presentation and our plans to continue this work. 
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Delivering and tracking the impact of usable knowledge through the Migratory Connectivity in the 

Ocean (MiCO) System 

Daniel Dunn¹, Autumn-Lynn Harrison², Corrie Curtice³, Ei Fujioka³, Connie Kot³, Sarah DeLand³, Ben 

Donnelly¹, Patrick Halpin³, Eleanor Heywood⁴ 

¹University of Queensland, ²Smithsonian Conservation Biology Institute, ³Duke University, ⁴Stony Brook 

University 

The distributions of migratory seabirds span local, national and international jurisdictions. Across these 

ecologically interconnected regions, migratory seabirds interact with anthropogenic stressors 

throughout their lives. Migratory connectivity, the geographical linking of individuals and populations 

throughout their migratory cycles, influences how spatial and temporal dynamics of stressors affect 

migratory animals and scale up to influence population abundance, distribution and species persistence. 

Population declines of many migratory marine species have led to calls for connectivity knowledge, 

especially insights from animal tracking studies, to be more systematically and synthetically 

incorporated into decision-making. Inclusion of migratory connectivity in the design of conservation and 

management measures is critical to ensure they are appropriate for the level of risk associated with 

various degrees of connectivity. In response to this need, a consortium of data repositories, observing 

systems, museums, environmental non-governmental organizations (NGOs) including Birdlife 

International, universities, individuals, intergovernmental organizations and UN bodies, have now 

developed a global open-access online system providing usable knowledge about migratory connectivity 

in the ocean (MiCO: mico.eco/system). MiCO addresses this information gap by compiling and 

synthesizing data on the distribution of migratory cycle stages and connectivity among them through a 

systematic literature review and analyses of contributed data or products. Eventually, the system will 

integrate information derived from electronic tracking, mark-recapture studies, observations, stable 

isotope ratios, population genetics and passive acoustic monitoring to develop network models that can 

inform area-based planning, environmental impact or risk assessments by managers, policy makers and 

industry. Here we review how international policy arenas have utilized information on migratory 

connectivity, present the system prototype and describe how it has already informed those arenas, and 

provide details on how the system incentivizes contributions by tracking and reporting their impact in 

those arenas without disseminating raw data. 

 

Biology & Breeding/Non-Breeding Biology III 
Burrowing into the past: Reconstructing the prehuman distribution of New Zealands seabirds 

André Bellvé¹, Janet Wilmshurst¹, Jamie Wood², Edin Whitehead³, Chris Gaskin⁴, George Perry³ 

¹University of Auckland / Manaaki Whenua, ²Manaaki Whenua, ³University of Auckland, ⁴Northern New 

Zealand Seabird Trust 

New Zealand (NZ) has been called the 'seabird capital of the world', with nearly 25% of the world's 

species occurring there, and 10 % of global seabird species only breeding in NZ. Seabirds play a key role 

in coastal and terrestrial ecosystems by importing marine sources of phosphorus. In New Zealand 

ecosystems this role is particularly important as phosphorus is a limiting nutrient, making seabirds a key 

agent for nutrient cycling. Despite contemporary seabird diversity and abundance appearing high in NZ, 

the fossil bone record reveals they were more abundant before human arrival c. 750 years ago and the 

subsequent plethora of mammalian predators that have been introduced in the last 200 years. The rapid 
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demise of seabirds has meant that little is known about where they used to breed around NZ and the 

degree of their influence on native ecosystems, although in some places it is clear that some nutrient 

fluxes have collapsed. Here, I present species distribution models of contemporary and prehuman 

breeding sites for NZ's seabirds built using presence-only data. We collated records of seabird breeding 

colonies and aggregated them into functionally similar groups. Contemporary seabird presence data 

were combined with climatic and environmental predictors to predict the distribution of each functional 

group. The results of these present-day models were then used to hindcast onto prehuman paleo-

environmental conditions (> 1000 ybp) to create maps of the distribution of each functional group. 

Understanding the past and present distributions of seabird colonies will inform us of which habitats 

they favour for breeding and the processes that have restricted their current breeding grounds. These 

distributions can also be used to guide conservation management decisions regarding the most suitable 

sites for habitat restoration and translocation. Moreover, identifying past and present breeding sites will 

provide a basis for characterizing the change in nutrient flux dynamics, which are an integral component 

of NZs forest ecosystems. 

Breeding Biology of Little Tern Sternula albifrons sinensis on man-made breakwater in Terengganu, 

Malaysia 

Abdulmula Hamza¹, NUR DIYANA ARISSA BINTI ANUAR¹, Mei Shuet Kong¹, Muhammad Amirulfahmi 

Mohd Rizuan¹, Anuar McAfee² 

¹Universiti Malaysia Terengganu, ²Universiti Sultan Zain Alabidin 

Keywords: Little Tern, Breeding biology, Southeast Asia, colonies Abstract: Disturbance and Predation in 

addition to development are major threats for many coastal seabird populations. The breeding 

population of Little Tern Sternula albifrons sinensis in Southeast Asia is migratory, largely fragmented 

and poorly studied. A small colony of 40 pairs was discovered on the northern banks of Terengganu 

River estuary in late April 2016. The Colony monitored again in 2017 but disturbance by local 

motorcyclists and construction works nearby, in addition to presence of feral cats and dogs roaming the 

site, resulted in the terns failing to breed at the site. In 2018, the terns moved further north (10 Km) to 

one of three newly constructed nearshore wave breakers topped with coarse sand, in Tok Jembal, 

Terengganu, Malaysia. Comparison of habitat characteristics between the old and new colony sites 

revealed that increased vegetation cover at the old site, suitable substrate, lack of predation and lower 

disturbance at the new site were contributing factors leading to the colony relocation. The new site was 

monitored for a second year in 2019 and the colony size increased steadily to more than five folds of the 

colony at old site. Data on clutch size, nest arrangement, vegetation cover, egg size, hatching success 

and chick growth will be presented and discussed. This Southeast Asian population of Little Tern 

requires further monitoring to estimate the regional population size, threats, and movements to non-

breeding range. 

Effects of wing moult of Barnacle goose Branta leucopsis on faecal microbiota in Spitsbergen 

Hyunjun Cho¹, Wonyoung Lee¹ 

¹Korea Polar Research Institute 

Barnacle goose is one of the Anseriformes seabird that breed in arctic region. They breed mainly on 

Arctic area and spend winter in west European country. Barnacle geese undergo a wing moult that make 

them flightless for the duration of the regrowth of the flight feathers ahead of long migration to 

wintering site. Moult is nutritionally stressful and energetically demanding process because they are 
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unable to fly and forage for some weeks in this period. Despite the importance for survival, it is unclear 

how the faecal microbiota of arctic breeding barnacle geese changes in response to wing moult period. 

In this study, we investigated the faecal microbiota of barnacle geese in Svalbard, Ny-alesund in 

breeding season. The microbial community compositions of moult and non-moult barnacle geese were 

compared using bacterial 16S rRNA gene amplicon sequencing in illumine miseq platform. Our results 

showed that the bacterial community structure of barnacle geese were differ in its moulting status. 

NMDS results showed that faecal bacteria composition were clustered significantly different from 

moulting to non-moulting individuals. Bacterial diversity of birds in moulting stage were significantly 

higher than that in non-moulting ones. Overall, barnacle geese were dominated by four bacterial phyla 

(Proteobacteria, Bacteroidetes, Actonibacteria and Firmicutes) but Firmicutes was the most dominant 

phylum in moulting individuals and Proteobacteria was the most dominant phylum in non-moulting 

geese. Our results suggest that faecal microbiota of barnacle geese might altered by wing moult. 

Carry-over effects of breeding on molt timing and migration starting location in Adélie penguins 

Annie Schmidt¹, Amelie Lescroel¹, Dennis Jongsomjit¹, Megan Elrod¹, Katie Dugger², Virginia Morandini³, 

Jean Pennycook⁴, David Ainley⁴, Grant Ballard¹ 

¹Point Blue Conservation Science, ²U.S. Geological Survey, Oregon Cooperative Fish and Wildlife Research 

Unit, Department of Fisheries, ³Oregon Cooperative Fish and Wildlife Research Unit, Department of 

Fisheries and Wildlife, Oregon St, ⁴H.T. Harvey and 

Adélie penguins (Pygoscelis adeliae) undergo complete molt shortly after the breeding season. Unlike 

most penguins, Adélies typically molt on the sea ice rather than on land, with molt lasting up to 3 weeks. 

Limited mobility and increased metabolic rate during this period create an energetic bottleneck and may 

be a critical period in the species annual cycle. The timing of molt may also play an important role in 

determining the start and route of the winter migration. We analyzed data from 120 recovered 

geolocating dive recorders that were deployed at two colonies on Ross Island, Antarctica. Devices were 

deployed over 3 winters (2017-2019) on individuals of known-age and breeding history at Cape Crozier 

(~300,000 breeding pairs) and Cape Royds (~2500 breeding pairs). Adélie penguins do not enter the 

water during molt so the timing and duration of molt was estimated from the recovered dive logs. We 

modeled molt timing in relation to several variables including colony, age, sex, breeding status, and 

breeding outcome. Results indicate molt timing did not differ between colonies but did vary significantly 

between years, with older individuals and successful breeders molting later. Finally, we examined the 

relationships between molt timing and the starting location of the winter migration. 

Changes in population size and spatial distribution of common murres (Uria aalge) and Brandt's 

cormorants (Phalacrocorax penicillatus) in Oregon USA, 1988 - 2014 

Kirsten Bixler¹, Jessica Porquez¹, Shawn Stephensen², Roberta Swift², Roy Lowe², Donald Lyons³ 

¹Oregon State University, ²US Fish and Wildlife Service, ³National Audubon Society Seabird Restoration 

Program and Department of Fisheries and Wildlife, Orego 

Common murre (Uria aalge) and Brandt's cormorant (Phalacrocorax penicillatus) colonies may be useful 

indicators of changes in physical ocean conditions and marine food webs. Our understanding, however, 

of the trends in the size and distribution of their breeding populations along the ~2300 kilometers of 

Pacific Ocean coastline located in Oregon (USA) has been limited until recently. We estimated the 

breeding population size for both species in four years over a 26-year period from 1988 to 2014 at all 

known coastal colonies between the town of Seaside, Oregon and the California border using aerial 
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photographs taken annually by the US Fish & Wildlife Service. Between 1988 and 2014 the estimated 

breeding population of murres and Brandt's cormorants declined by ~160,000 individuals (23%) and 

~2,350 nests (21%), respectively. We also found a southern shift in the distribution of breeding 

population of both species during this period. There were ~260,000 fewer murres and ~2,650 fewer 

Brandt's cormorant nests counted in the northern one-third of colony sites in 2014 than in 1988. During 

the same period, the central and southern colonies along the Oregon coast gained ~100,000 murres and 

~300 Brandt's cormorant nests. Multiple factors may be driving this population decline and spatial shift 

including disturbance from bald eagles (Haliaeetus leucocephalus), changing ocean conditions, and 

emigration from the state. Our results will inform marine spatial planning efforts including renewable 

energy development projects in Oregon's nearshore waters, and contribute to the development and 

standardization of site-specific protocols for monitoring common murres and Brandt's cormorants in the 

California Current System. 

Year-round breeding of a Pterodroma petrel: how do they do it? 

Nicholas Carlile¹, Terence O'Dwyer¹, Luke Halpin² 

¹NSW Department of Planning, Industry and Environment, ²Monash University 

Restricted breeding seasons are typical of most petrels, apart from some members of the genus 

Pseudobulweria. The Kermadec petrel Pterodroma neglecta, has been reported as both a winter and 

summer breeder but no substantive studies have corroborated this. Despite its wide distribution in 10 

islands or island groups over the Pacific, the species' isolation on oceanic islands makes anything other 

than cursory reports possible. Here we investigate the breeding demography of Kermadec petrels over 

four years on Phillip Island (off Norfolk Island)in the South Pacific. The colony (ca. 50 breeding pairs) was 

visited for between 1 to >10 days approximately bi-monthly since January 2017. Most nesting attempts 

have been monitored with surveillance cameras and approximately 50% of breeding birds are currently 

fitted with Global Location Sensors (GLS). While seasonal peaks in breeding occur in the austral Spring 

and Summer, smaller numbers breed at other times of the year. While we observed most Kermadec 

Petrels did not alter the timing of egg-laying from season to season, a single example of delayed laying 

of 2.5 to 16 weeks in subsequent seasons was recorded. A comparison of core (50%) utilization 

distributions derived from GLS data indicates that Spring, Summer and Autumn breeders have significant 

proportions of overlapping habitat use, regardless of the time of year. Our results suggest that 

Kermadec Petrels use the same foraging areas despite seasonal changes in ocean temperatures and 

chlorophyll productivity. There are informal reports that the species may have a kleptoparasitic foraging 

strategy, which needs to be explored more fully. GLS studies are now underway to compare foraging 

locations between Kermadec petrel and other large (400- 600 g), strictly summer or winter breeding 

Pterodroma petrels in the South Pacific. 

 

Conservation IV 
Sustaining seabirds and culture: Rakiura Maori management of titi (Sooty Shearwaters) in New 

Zealand 

Jane Kitson¹, Corey Bragg¹, Phil Lyver² 

¹Rakiura Titi Islands Administering Body, ²Landcare Research 
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The annual customary harvest of titi (Sooty Shearwaters, Ardenna grisea) is a culturally defining wildlife 

harvest that is of fundamental importance to identity, mahinga kai (food provisioning), transmission of 

mātauranga (knowledge and wisdom) and the economy of Rakiura Maori. The harvest and Rakiura Titi 

Islands are managed by Rakiura Maori using tikanga (customary protocols) and matauranga Maori. 

These cultural guidelines and knowledge are embedded within bylaws and management documents, 

highlighting the importance of indigenous frameworks for managing seabird populations and habitat. A 

14-year research partnership between Rakiura Maori and the University of Otago, founded in 

matauranga Maori, Rakiura tikanga and science began in 1994. At the time collaborative research 

partnerships between Maori and university were unique, but none-the-less Rakiura Maori recognised 

the need to ensure the sustainability of titi harvesting. The research tracked titi breeding density, 

harvest intensity, bycatch, population changes, measures of survival, reproduction and migration. These 

parameters were used to build computer simulations of past and future populations under different 

harvest intensities and climate scenarios. The research highlighted three main threats to sustaining 

customary harvesting are: climate change, the predation on titi by introduced weka (a native rail, 

Gallirallus australis), and potential increases in harvest intensity. The model highlighted that the biggest 

and quickest gain for sustainability would be the removal of introduced weka from birded areas. Weka 

were introduced to these islands, however management of this species is complicated because of their 

taonga (treasured species) status and legislative protection mechanisms. Management of weka and 

harvest intensity requires adaptation of Rakiura Maori management frameworks. The ability to adapt 

management responses is already demonstrated within this community. Adaptive initiatives include 

conservation projects, succession planning and development of an application to empower harvesting 

families to model their harvest management decisions on their manu (birding area). 

Non-random spatial distribution of the neotropical cormorant (phalacrocorax brasilianus) in an urban 

area in Peru 

Sebastián Lozano¹, Carlos Zavalaga¹ 

¹Universidad Científica del Sur 

Neotropical cormorants (Phalacrocorax brasilianus) are common seabirds along the Peruvian coast. They 

frequently perch in urban areas (trees, harbors, poles, etc.), causing potential aesthetic and public 

health problems due to the dropping of feces on infraestructure and people. Large number of these 

birds use lighting poles to rest on a narrow median in a 12.5 km coastal highway in Lima, Peru. We 

hipothesized that the distribution of the cormorants in this highway is not random, but it may be 

associated with abiotic features of the coastline that may favor prey accesibility. Biweekly counts of 

cormorants per lighting pole between July 2018 and July 2019 revealed that during the study period the 

total number varied between 15 to 430 birds, and that only 16% of the total number of posts (N = 651) 

were occupied. A large amount of cormorants were present in the posts at 1000 h and 1400 h, matching 

the prefered timing of foraging between mid-morning and mid-afternoon. Cormorants were clustered in 

four recurrent main groups along the highway, i.e., the spatial distribution was no-random. An AIC 

model selection approach determined that the presence of the cormorants in these sites were strongly 

related to a closer distance to the coastline and the isobath 7 m, and to the presence of breakwaters. No 

relation was found with the turbidity of the sea (measured < 1,300 m from the shorline). These findings 

suggest that neotropical cormorants may select these sites for a better sighting or detection of prey. Any 

management for relocation of cormorants from the lighting poles in this highway must take into 

consideration mainly the distance of perching sites to the shoreline and the occurrence of breakwaters. 
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Spatial and temporal factors influence fallout in Wedge-tailed Shearwaters: Mitigating threats 

through directed management 

Brooke Friswold¹, Keith Swindle², David Hyrenbach³, Melissa Price⁴ 

¹University of Hawaii at Manoa, ²U.S. Fish and Wildlife Service, ³Hawaii Pacific University, ⁴University of 

Hawaii Manoa 

Artificial lights reduce fledgling survival through distraction and disorientation during fledging, leading to 

the grounding of seabirds, termed "fallout," and an increased risk of mortality from land-based threats. 

This study evaluated spatial and temporal factors, such as fallout clustering near light sources and fallout 

proximity to colonies to inform targeted management actions that can reduce fallout and increase 

survival. Standardized surveys were conducted from 2002 to 2010 for Wedge-tailed Shearwater 

(Ardenna pacifica) fallout on the island of O'ahu, Hawai'i, USA. The location of fallout and presence of an 

artificial light source or power line were compared between fallout points and randomly-selected points 

along the transect. Wildlife rehabilitation data from recovered individuals collected following non-fatal 

fallout events were analyzed to determine physical factors, such as condition upon arrival, and temporal 

factors that may influence the likelihood of fallout and survival. From 2002-2010, artificial light was 

present in 94% of fallout events, and power lines in 83%. The number of fallout events increased over 

time, and decreased over distance from artificial light sources, with the number of fallout individuals 

negligible further than 5 km from a source colony. Fallout showed high clustering in "hotspot" regions 

with up to 60% of all detected fallout events over eight years occurring in a region of less than 1.4 km. 

The majority of recovered fallout individuals submitted to wildlife centers were successfully released, 

suggesting that recovery efforts focused near high-risk colonies and in hot spot regions are likely to 

decrease fatalities due to fallout. Based on these highly actionable results, similar studies of other 

species in the order Procellariformes are recommended to direct management toward places and times 

of highest risk to reduce fallout-induced mortality. 

Recovery of sub-tropical alpine habitat and the endangered Hawaiian petrel on leeward Haleakalā, 

Maui 

Jennifer Learned¹, Martin Frye¹, Cecelia Frisinger¹, Jay Penniman¹ 

¹Maui Nui Seabird Recovery Project 

The largest remaining Hawaiian petrel colony (ʻuaʻu, Pterodroma sandwichensis) exists in alpine and 

sub-alpine habitats on Haleakalā, Maui. The Maui Nui Seabird Recovery Project has monitored the 

portion of the colony and the vegetation community within the Kahikinui Forest and Nakula Natural 

Area Reserves following ungulate exclusion in 2014. Here we report on the expansion of the ʻuaʻu colony 

in these recently protected areas, and how management has positively impacted the habitat. We use 

Automated Acoustic Monitoring (AAM), annual standardized burrow searching, and burrow monitoring 

during the breeding season to assess activity, recruitment, and reproductive success of ʻuaʻu. Vegetation 

surveys are conducted at burrow sites and annually at randomly generated permanent plots to 

determine abundance and coverage of native and non-native plant species. The number of ʻuaʻu 

burrows is increasing at an average of 22 annually, and reproductive success has steadily increased to 

58% in 2020. Results of AAM surveys show greater ʻuaʻu activity over time, particularly in locations 

popular with prospecting birds. Vegetation surveys reveal that although native species diversity remains 

unchanged, the abundance of uncommon native shrubs is increasing. Overall, vegetation characteristics 

at burrow sites do not differ from the surrounding landscape, suggesting that the resilience of the high-
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elevation community makes it attractive as a recruitment site. Our results show how an ecosystem-level 

approach can facilitate the assessment and recovery of a population of endangered seabirds. 

Overcoming challenges to the conservation of Pink-footed Shearwaters: A transdisciplinary approach 

Peter Hodum¹, Veronica Lopez², Ryan Carle², Pablo Manriquez², Tiare Varela², Paola Gonzalez², Hector 

Gutierrez², Valentina Colodro², Michelle Hester² 

¹University of Puget Sound / Oikonos, ²Oikonos 

The conservation of highly migratory species presents unique challenges due to their complex life 

histories and the vast spatial scales involved in their annual life cycle. To address such challenges 

meaningfully, transdisciplinary approaches may be particularly effective. The Pink-footed Shearwater 

(Ardenna creatopus) is an endemic Chilean breeder but is a trans-hemispheric migrant during the non-

breeding season. The species is listed as Vulnerable by the IUCN and Endangered by Chile and Canada. 

Both colony-based and at-sea threats exist for this species, including impacts of invasive mammals, 

breeding habitat degradation, a chick harvest on one of the breeding islands, and competition with and 

bycatch in multiple fisheries. In this presentation, we provide an overview of the collaborative 

approaches we have taken over 18 years and the need for further transdisciplinary involvement to 

address conservation threats to this species. We have worked intentionally at the local community level 

with schools, artist cooperatives, cattlemen's associations, artisanal fishing cooperatives, and other 

community groups as well as with non-governmental organizations and Chilean federal agencies. 

Important outcomes include the first mammal-excluding conservation fence of its kind in Chile, national 

conservation plans in Chile and Canada, collaborations with Chilean fisheries agencies, NGOs and fishing 

communities, new education programs in local schools, and community-based collaborations with 

artists. Significant challenges remain that require diverse expertise and perspectives, including 

improving estimates of bycatch in fisheries of multiple nations, increasing local stewardship by 

improving the lives of people living on the breeding islands, incorporating social scientific approaches to 

build community support for invasive-species eradication programs, solving methodological difficulties 

in quantifying population trends in their forested breeding habitat, and understanding the species' 

vulnerability to prey dynamics driven by climate change and fisheries extraction. 

Towards a Penguin Global Conservation Agenda promoted by the IUCN SSC Penguin Specialist Group 

Pablo García Borboroglu¹, P. Dee Boersma¹, Susie Ellies², Charly-Andre Bost³, Tom Schneider⁴, Philip 

Seddon⁵, Alejandro Simeone⁶, Phil Trathan⁷, Lauren Waller⁸, Barbara Wienecke⁹, Natasha Gownaris¹, 

Andre Chiaradia¹⁰ 

¹University of Washington, ²International Rhino Foundation, ³Centre d'Etudes Biologiques de Chizé, CNRS, 

⁴Detroit Zoological Society, ⁵University of Otago, ⁶Universidad Andres Bello, ⁷British Antarctic Survey, 

⁸University of the Western Cape, ⁹Australian 

Penguins are in trouble. The International Union for Conservation of Nature lists 10 of the 18 species as 

threatened, making penguins the second most threatened family of seabirds. The IUCN Penguin 

Specialist Group (PSG) is developing a Penguin Global Conservation Agenda. In 2016, the PSG 

coordinated threatened status reviews for the IUCN Red List based on penguin status data and 

conservation needs from its membership. The PSG also held two conservation strategy workshops to: 1) 

identify gaps in penguin research and conservation towards increasing population resilience in wild 

penguins and minimising threats and impacts, and 2) develop consensus on the species considered to be 

conservation priorities. Here, we summarise the PSG work to-date to guide and support future penguin 
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research and to inform much-needed policy and legislative interventions. Among the top 12 research 

priorities, four are relevant to all penguins: (i) assessing population trends, (ii) determining vital 

biological rates, (iii) documenting environmental changes, and (iv) improving understanding of foraging 

ecology. We also identified four other conservation priorities relevant to several species: (v) improving 

understanding of effects of fisheries, (vi) enhancing support for marine spatial planning, (vii) developing 

species-specific action plans, and (viii) improving stakeholder engagement. Conservation action is 

needed for all penguin taxa, but we recognised that African, Galapagos and Yellow-Eyed Penguins need 

immediate scientific collaboration and policy interventions. We discuss crucial avenues for improving 

science-informed conservation of these species. The conservation actions for penguins would have 

broad biodiversity benefits in the Southern Hemisphere's marine biodiversity hotspots. By fostering 

communication and policy action toward these priorities, our goal is to ensure wild penguins exist in 

perpetuity. 

Global meta-population viability analysis determines relative extinction risk among threatened 

seabirds 

Donald Croll¹, Kelly Zilliacus¹, M. Tim Tinker², Diana Ruiz¹, Bernie Tershy¹ 

¹University of California, Santa Cruz, ²Nhydra Ecological Consulting 

To prevent additional seabird extinctions, conservation practitioners need to know what species to 

focus on, what actions to take, and where to take them. We created a spatially explicit meta-population 

viability analysis (mPVA) model for all IUCN threatened (Critically Endangered, Endangered, Vulnerable) 

seabirds. We generated the model parameters by combining a global database on the breeding location, 

population meta structure, and anthropogenic threats to seabirds with a detailed seabird demographic 

and population database. Potential conservation interventions can be entered into the model to 

estimate the change they will have on extinction risk. We completed an extinction risk analysis for 94 

insular threatened seabird species to determine which species are at Extreme (>75% of model runs 

predicted species extinction) or High (50 - 75% of model runs predicted species extinction) risk of 

extinction within 100 years. Our analysis identifies five conservation priorities and opportunities: 1) 

seabird species at extreme or high risk of extinction in the next century, 2) families of seabirds 

(Procellarids) that include the largest proportion of species with extreme or high risks of extinction, 3) 

the potential for mitigation of extinction risk to be gained by conducting all feasible eradications of 

damaging invasive vertebrates on at least one breeding island of extreme/high risk seabirds, 4) the 

potential for mitigation of extinction risk to be gained by conducting translocations/reintroductions to 

establish/re-establish breeding colonies of extreme/high risk seabirds, and 5) opportunities where 

innovation of new tools or competencies will significantly reduce the probability of extinction of 

threatened seabirds. 

 

Conservation V, Diseases/Parasites I, Physiology I, & General 
What we know and what we should know to mitigate seabird mortality induced by light pollution 

Airam Rodriguez¹ 

¹Estacion Biologica de Doñana CSIC 

Artificial night lighting and its consequent light pollution cause high mortality events on burrow nesting 

seabirds, particularly petrels and shearwaters. Mainly fledglings are attracted and disorientated by 
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artificial lights during their naïve nocturnal flights from their natal nests towards the sea. Light forces 

them to land, and once grounded, they are vulnerable to fatal injuries, vehicle collisions or predators. 

Here, I review the current state of knowledge of seabird mortality induced by light pollution to identify 

information gaps and propose measures to address the problem. Specifically, I focus on 1) what have we 

learned after more than 40 years rescuing birds on archipelagos around the world; and 2) what we 

should know to assess and mitigate this emerging source of mortality. More than 56 species, more than 

one-third of them threatened, are subject to grounding by lights worldwide. Rescue programmes of 

grounded birds are the most relevant and extended measures to mitigate light-induced mortality, 

despite being a palliative action. Thanks to rescue campaigns, around 90% of collected birds are 

released into the wild. However, this figure seems overestimated as many grounded birds are never 

found or reported, being 60% a more accurate estimate. Why seabirds are attracted and grounded by 

lights is still poorly understood. The main body of knowledge comes from rescue programmes typically 

conducted by volunteers and citizen, thus information is strongly biased and fragmented, and leads to 

inaccurate impact estimates. More research is needed to understand and finally propose actions to 

mitigate light-induced mortality. Briefly, the most urgent actions are: 1) estimation of mortality and 

population effects; 2) assessment of threshold light levels and safe distances to pollution sources; 3) 

assessment of the fate of rescued birds; 4) improvement of rescue campaigns; and 5) research on and 

development of seabird-friendly lights to minimise attraction. In lines with these actions, I will present 

some unpublished results of my research to illustrate how we proceed and advance to reduce light 

pollution effects on seabirds. 

A structured approach to recovery planning for NZ's rarest breeding seabird 

Thalassa McMurdo Hamilton¹, Stefano Canessa², John Ewen³ 

¹Institute of Zoology, ZSL; UCL, ²University of Ghent, ³Institute of Zoology, ZSL 

Threatened species recovery is made challenging by a lack of clarity in the problems to be solved by 

groups of stakeholders, their competing management objectives and the diverse management 

alternatives that might be proposed. These factors are compounded by uncertain outcomes of 

interventions in data-poor species. Structured Decision Making (SDM) is a powerful process that works 

through these challenges, providing a framework to use appropriate scientific tools and allowing 

managers to make the best choice. Whilst SDM is widely used in resource management, its application 

to species recovery is rare. We used SDM to assist the Tara iti Recovery Group to develop a recovery 

plan for New Zealand's (NZ) rarest breeding bird. Tara iti, or NZ fairy tern (Sternula nereis davisae), has 

approximately 10-12 breeding pairs with little population growth over the last decade and no clear 

direction in what to do to promote population recovery. Working with multiple stakeholders, including 

the decision makers of NZ government and Māori (NZ's indigenous people), we identified fundamental 

objectives and a range of management alternatives. Using available data and expert elicitation, we 

predicted the consequences of each alternative on each objective, including building a set of stage-

based population projection models. We addressed the biological uncertainty around novel alternative 

solutions, particularly for tern species, such as captive rearing and reintroduction, and compared these 

to more conventional field management alternatives. We then solved the optimal choice based on the 

decision-makers' values and risk attitudes. My research demonstrates how SDM provided a platform for 

all voices to be heard, and how its values-led approach is key to robust decision making for conservation 

of threatened species. 
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Global seabird conservation: past successes, future prospects 

Cleo Small¹, Maria Dias², Rob Martin², Elizabeth Pearmain², Ian Burfield², Richard Phillips³, Oliver Yates⁴, 

Ben Lascelles², Pablo Garcia Borboroglu⁵, John Croxall² 

¹RSPB, ²BirdLife International, ³British Antarctic Survey, ⁴Centre for the Environment, Fishery and 

Aquaculture Science, ⁵Global Penguin Society 

Seabirds are one of the world's most threatened groups of birds: half of all seabird species are declining, 

many to globally threatened levels. In the last two decades, notable conservation successes have been 

achieved globally including eradications of invasive alien predators, identification of solutions to seabird 

bycatch in longline and trawl fisheries, the delineation of new Marine Protected Areas, including in the 

high seas, as well as pioneering collaborations involving governments, non-governmental organisations, 

scientists and civil society. However, many challenges remain. Here we will review the latest data - 

based on the IUCN Red List updates in 2020 - on the status of the world's seabirds and the threats they 

are facing, and will consider whether we have reasons to be optimistic for the future. 

Hematology and blood parasites of seabirds at Rocas Atoll, Brazil 

Ralph Vanstreels¹, Daniela Mariani², Renata Hurtado¹, Veridiana Galizia³, Maurizélia Silva⁴, Jean Ramos 

Silva² 

¹Institute of Research and Rehabilitation of Marine Animals, ²Universidade Federal Rural de Pernambuco, 

³Autonomous veterinarian, ⁴Instituto Chico Mendes de Conservação da Biodiversidade 

Rocas Atoll (3°52′S 33°49′W) is the only atoll in the South Atlantic Ocean, located approximately 

260 km off the Northeast coast of Brazil. Despite its small surface (two islets with a combined area of 

0.36 km2), Rocas Atoll is home to approximately 150,000 seabirds. Five species breed on the atoll: Black 

Noddy (Anous minutus), Brown Noddy (Anous stolidus), Sooty Tern (Onychoprion fuscatus), Masked 

Booby (Sula dactylatra), and Brown Booby (Sula leucogaster). Additionally, small numbers of Red-footed 

Booby (Sula sula) and Magnificent Frigatebird (Fregata magnificens) also roost on the islets. In June 

2017, blood was collected from the tarsus (Suliformes) or jugular vein (Charadriiformes) of 214 seabirds: 

26 A. minutus, 42 A. stolidus, 46 O. fuscatus, 33 S. dactylatra, 27 S. leucogaster, 20 S. sula, and 20 F. 

magnificens. Thin blood smears were freshly prepared, fixed with methanol, stained with Rosenfeld-

Giemsa, and examined under the microscope. Two blood parasites were detected: Babesia sp. in Brown 

Booby (prevalence = 44%) and Haemoproteus sp. in Magnificent Frigatebird (prevalence = 10%). 

Although a previous study had detected DNA of Haemoproteus sp. in the blood of Brown Noddy, this 

parasite was not seen in this species' blood smears. Leukocyte profiles were generally similar across 

species and age groups, with the following averages (mean ± S.D.): heterophils 40.3%±15.9%, 

lymphocytes 53.8%±15.9%, monocytes 4.2%±3.9%, eosinophils 1.7%±3.0%, and basophils 0%±0.1%. 

The proportion of eosinophils was highest in S. dactylatra and S. leucogaster, especially in adults, 

suggesting a higher exposure to helminth parasites. The heterophil-to-leucocyte ratio, an indicative of 

physiological stress, was higher in adults than in chicks and immatures in most species, with the 

exception of A. stolidus where an opposite pattern was noted. This is the first hematological study of 

seabirds at Rocas Atoll, and is part of a broader health survey program that aims to identify pathogens 

and health challenges that may bear significance for seabird conservation at Brazil's oceanic islands. 

Evidence of links between haematologic condition and foraging behaviour in Northern gannets 

(Morus bassanus) 
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Zaraa Malvat¹, Sharon Lynch¹, Ashley Bennison¹, Mark Jessopp¹ 

¹University College Cork 

Haematologic analyses can reveal the physiological condition of birds, who are known to efficiently 

disguise symptoms of stress and disease. However, interpretation of such analyses requires species-

specific baseline data, which are lacking for most free-living seabird species. We provide baseline 

reference data for several haematological parameters in Northern gannets (Morus bassanus) and 

combine this with telemetry and dietary data to understand the links between haemotologic condition 

and foraging behaviour. Blood samples were collected from breeding Northern gannets in July 2017 (n = 

15) and 2018 (n = 28), which were also equipped with GPS tags. Smears were prepared for performing 

blood cell counts, including immature erythrocyte and microcyte percentages, total and differential 

leucocyte counts, heterophil:lymphocyte (H:L) ratio, and total thrombocyte count; the remaining blood 

was used for stable isotope analysis, and foraging behaviours were inferred from the recovered tag 

data. Blood cell counts revealed that the sampled birds were highly stressed and some showed an 

immune response, evident from the abnormal leucocyte counts and H:L ratio. There were no sex-related 

differences in haematological parameters or diet, in contrast to foraging parameters where females 

undertook longer trips than males and spent proportionately more time in search behaviours. The 

percentage time spent actively foraging was negatively correlated with the percentage of eosinophils. 

While there was no direct link between haematologic condition and diet, one bird feeding at a relatively 

low trophic level undertook exceptionally short foraging trips and showed abnormal blood cell counts. 

This suggests a link between haematologic condition and foraging ecology that can be employed in 

assessing seabird health. 

Bridging the gap: disease surveillance, response and planning for seabirds in South Africa 

Albert Snyman¹, Katta Ludynia¹, David Roberts¹ 

¹The Southern African Foundation for the Conservation of Coastal Birds (SANCCOB) 

Diseases affect a large number of seabird species worldwide annually, and can cause high mortalities 

that are potentially conservation-threatening. The impacts of such mortality events on southern African 

seabirds is shown by the death of 1300 common terns due to avian influenza in 1961 and the death of 

over 14000 Cape cormorants due to avian cholera on Dyer Island in 2004/05. More recently, the 

2017/18 outbreak of the H5N8 strain of avian influenza in domestic poultry and wild birds caused the 

death of more than 7500 seabirds in South Africa. The outbreak of avian influenza in South Africa has 

demonstrated the need for continuous disease surveillance and the need for outbreak preparedness 

plans in order to intervene as early as possible and prevent pathogens from spreading among seabird 

colonies. The Southern African Foundation for the Conservation of Coastal Birds (SANCCOB) is a leader 

in Seabird disease surveillance and treats up to 2500 seabirds annually, of which 1500 are African 

penguins. The health and pathology research conducted at SANCCOB is ongoing and currently involves 

data collection, analysis, write-up and publication of data on work that has been done in the last 15 

years at SANCCOB. This work functions as passive disease surveillance as well as providing information 

for evaluating disease risk to the seabird populations. We will highlight the gaps in the current 

monitoring and preparedness regarding seabird diseases and propose the establishment of an on-going 

disease surveillance programme. Improved outbreak response plans through expanded efforts to 

conduct post-mortem examination, laboratory tests for pathogens known to be of high conservation 

concern are needed to assist South African government (DEA), managing conservation authorities (Cape 
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Nature and SANParks) and the state veterinary services in the development of a contingency plan for 

disease outbreaks in seabird colonies. 

Range limits, breeding distributions, and the role of stochasticity in structuring the Antarctic Peninsula 

seabird metacommunity 

Michael Schrimpf¹, Heather Lynch¹ 

¹Stony Brook University 

Seabird breeding distributions are often examined at the level of individual species, but many seabirds 

nest at multispecies sites. We explored the metacommunity structure of Antarctic Peninsula seabirds, 

which live in a simple environment, well-suited to examining occupancy patterns. Site-specific breeding 

status for every member of the metacommunity was modeled by a series of multi-state Bayesian 

occupancy models, using 22 years of data on species detection. Several lines of evidence, including the 

absence of significant coherence, lack of clustered assemblages in ordination and geographic space, and 

high dissimilarity of neighboring sites, led to the conclusion that this metacommunity was structured by 

a stochastic colonization process. This pattern is consistent with expectations from the neutral theory of 

biodiversity, although here is likely driven more by site fidelity and colonization history than is usually 

assumed. However, comprehensive abundance data for the guild of pursuit-divers showed strongly non-

overlapping patterns in the regional concentration of population size, indicating that deterministic 

factors play a larger role in subsequent colony growth. Our study demonstrates the value of taking a 

multi-species approach to the study of seabird breeding distributions, and highlights the need for 

continued collection of comprehensive abundance data when possible. 

 

Monitoring I, Demography & Surveys I 
The whole is more than the sum of its parts - joint European Seabirds at Sea activities 

Nicolas Vanermen¹, Ainars Aunins², Volker Dierschke³, Stefan Garthe⁴, Mark Lewis⁵, Moritz Mercker⁶, Ib 

Krag Petersen⁷, Martin Poot⁸, Eric Stienen¹, Andy Webb⁹, Nele Markones¹⁰ 

¹Instituut voor Natuur- en Bosonderzoek (INBO), ²University of Latvia, ³Gavia EcoResearch, ⁴University of 

Kiel, ⁵JNCC, ⁶bionum, ⁷University of Aarhus, ⁸Statistics Netherlands (CBS), ⁹HiDef Aerial Surveying Ltd, 

¹⁰Federation of German Avifaunists 

European Seabirds at Sea (ESAS) work was initiated in 1979 by various European institutions carrying out 

seabird distribution surveys at sea. The group achieved a standardization method of data collection, 

conducted large-scale ship-based surveys in the North Sea, established a joint ESAS database, published 

distribution maps, identified IBAs and carried out joint research projects. In the past decades, Seabirds 

at Sea work in Europe had a stronger national focus related to the implementation of marine protected 

areas and impact assessments regarding offshore windfarms. Joint activities ceased and comprehensive 

entries into the joint ESAS database were not continued after 2011. Recent years, however, have seen 

various new initiatives for joint Seabirds at Sea work. Under the impulse of the Dutch WOZEP research 

program, the ESAS database has undergone a major update with Dutch, Belgian and German data and a 

thorough restructuring of the data model. The updated version will soon be migrated to ICES Data 

Centre. The future database will provide the opportunity to hold ship-based as well as aerial survey data 

from different survey schemes. Importantly, the ESAS database will be more widely available to the 

research community, in line with the ICES open access data policy. There have also been renewed 
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efforts for large-scale surveys and joint database analyses. In the Baltic Sea and southern North Sea, 

national at-sea survey efforts from 10 different countries were combined and synchronized to carry out 

a synoptic large-scale winter survey in early 2016 (with similar efforts in 2020/2021). Applying species 

distribution models, final products will comprise large-scale distribution maps and updates of population 

estimates to assess the current situation of seaducks and other species of high conservation concern. In 

addition, historical data as well as new data collections will flow into indicators assessing the marine 

environmental status according to regional sea conventions (OSPAR, HELCOM & MSFD) and feed into 

marine spatial planning. 

Demographic effects of rat eradication on a tropical seabird community 

Merlène Saunier¹, Matthieu Le Corre¹, Gabrielle Dicque¹, Maud Berlincourt¹, Morgane Manoury¹, Jean 

Hivert², Luc Gigord², Sabine Orlowski³, Florent Bignon³, David Ringler³ 

¹UMR ENTROPIE, university of Reunion Island, ²CBNM-CPIE Mascarin, ³TAAF 

Introduction of exotic mammals like rats is one of the leading causes of island biodiversity loss, 

particulary for seabirds. Rat eradication generally has positive effects on seabirds but the demographic 

processes explaining these effects are not always understood. In this talk, we will present the evolution 

of the seabird community of Tromelin island (western Indian Ocean) after brown rats (Rattus 

norvegicus) eradication. Before rats introduction, in the XVIIIth century, 10 seabirds species were 

breeding on the island, totalling hundreds of thousands of pairs. In 2005, at the time of rat eradication, 

only 2 species (red-footed boobies (Sula sula) and masked boobies (Sula dactylatra)) were still breeding, 

totalling less than 400 pairs. In 2019, 15 years after rat eradication, 7 seabird species totalling more than 

3000 pairs breed on the island. We determined the demographic parameters (breeding success, survival 

rate) of the two species that were still breeding in 2005 with capture-mark-recapture data. We built a 

matrix population model to estimate their annual population growth rate. This rate was 1.04 for red-

footed boobies and 1.02 for masked boobies, which is in accordance with the observed growth. We 

estimated the carrying capacity of the island, as the maximum number of pairs that can breed on the 

island, knowing the area of favourable habitats. Carrying capacity was 18000 pairs for red-footed 

boobies and 27000 pairs for masked boobies. A density dependant matrix population model suggest 

that these populations could reach these value in 3 and 5 centuries, respectively. However these 

predictions should be interpreted with caution as the model does not include factors that may impact 

the growth of the populations : prey abundance, seabird induced changes in vegetation cover, 

interspecific competition and sea level rise which will reduce the area of suitable habitat, and increase 

the frequency of flooding events. 

Sistematic surveillance of threats in the South Atlantic Ocean: detection of mortality of 

Procellariiformes on beach surveys along south and south-eastern Brazilian coast 

André Barreto¹, Tito C. Almeida², Carla Barbosa², Pedro Castilho², Marta Cremer², Camila Domit², Daniela 

Godoy², Karina Groch², Cristiane K. Kolesnikovas², Andrea Maranho², Rodrigo Sant?Ana², Renata Taufer², 

Rodrigo Valle², Emanuel Ferreira², Patricia Ser 

¹UNIVALI, ²PMP Bacia de Santos, ³ICMBio 

The Santos Basin Beach Monitoring Project (Projeto de Monitoramento de Praias da Bacia de Santos - 

PMP-BS) is one of the monitoring programs required by Brazil's federal environmental agency, IBAMA, 

for the environmental licensing process of oil production and transport by Petrobras at the pre-salt 

province (25⁰05'S 42⁰35'W a 25⁰55'S 43⁰34'W), between 2100m and 2300m isobaths. To evaluate the 
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possible impacts of these activities on marine turtles, marine mammals, and seabirds, the main activity 

of the PMP-BS is to monitor daily approximately 1040km of coastline. The project started on August-

2015 and is scheduled to continue for at least three more years. As results of the beach survey effort, 

34089 seabirds have been found on the beaches, from August 2015 to August 2019. The Bird Family 

with more individuals was Spheniscidae with 17134 animals, followed by Procellaridae with 6632 and 

Laridae with 3632. Considering Species, the most common were 17,126 Spheniscus magellanicus, 

followed by 4610 Puffinus puffinus, 2981 Larus dominicanus and 1123 Thalassarche chlororhyncos. At 

macroscopic exam, 2247 animals had signs of anthropogenic interaction. That is only a small fraction of 

animals that die at sea arrive on the coast, the high number of seabirds observed during beach 

monitoring imply in very high mortalities at sea. 

Linking theory and data to forecast population dynamics of partially migratory seabird populations in 

the face of global change. 

Ana Payo-Payo¹, Paul Acker¹, Greta Bocedi¹, Justin Travis¹, Sarah Burthe², Francis Daunt³, Jane Reid¹ 

¹University of Aberdeen, ²Centre of Ecology and Hidrology, ³Center of Ecology and Hidrology 

The effects of global change, including changes in seasonality and increased frequency and intensity of 

extreme events, might be expected to drive novel eco-evolutionary dynamics in seabird populations that 

are seasonally mobile. Identifying life-history traits, stages and locations that control the persistence and 

growth rates of seabird populations is crucial for conservation, but remains an open challenge. General 

theory and empirical data that incorporates dynamic variation in seasonal movement, and identifies 

fundamental principles of such systems, is still lacking. We devised full-annual-cycle models that capture 

key dimensions of demographic structure in a seasonally varying environment. First, we conceptualize 

movement through two variable vital rates: seasonal movement and its associated survival probability, 

and derive population growth rate and associated elasticities for stereotypical long-lived seabird species 

considering different levels of movement plasticity. Second, we evaluate the impacts of extreme climatic 

events in key life-history traits of a seasonally mobile metapopulation of European shags (Phalacrocorax 

aristotelis). We show that seasonal movement and its plasticity can substantially affect population 

persistence and growth rate, with effects comparable with survival or fecundity. Further, we quantify 

selection on key vital rates of migrants vs residents under extreme and benign conditions and explored 

its potential eco-evolutionary implications in the face of global change. Overall, we extend demographic 

and evolutionary theory and empirical studies by encompassing variable seasonal movement and 

revisiting its implications to understand and forecast open population dynamics under global change. 

Can AI revolutionize seabird feeding watches? 

Jonas Hentati Sundberg¹, Olin Agnes², Sheetal Reddy³, Jayanth Reddy³, Siddharta Kasaraneni³, Per-Arvid 

Berglund⁴, Aron Hejdström³, Olof Olsson⁵ 

¹Swedish University of Agricultural Sciences, ²University of Strathclyde, ³Baltic Seabird Project, ⁴Baltic 

Seabird Project & Swedish Museum of Natural History, ⁵Stockholm University 

Feeding watches is a standard procedure for recording prey choice and time budgets of breeding 

seabirds. The method is however time and labor intensive which limits how much data that is feasible to 

collect. Time lapse cameras are increasingly used for recording breeding seabirds for extended periods, 

but most applications so far have relied on manual scrutinization of the recorded imagery which is also 

time consuming. Within the Karlsö Auk Lab, an artificial construction for breeding common murres in 

the Baltic Sea, we have installed a commercially available CCTV system that supports multiple cameras 
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and record videos on up to 60 frames per second. IR light allow for recordings also in complete darkness. 

Three months of continuous filming of two cameras in the field season of 2019 produced approx. 3.8 Tb 

of data. To automate the recording of presence/absence of breeding individuals and chick feedings, we 

arranged a hackathon whereby students and professionals had two weeks to develop automated 

workflows for data analysis. We present general outcomes of the competition with special focus on the 

winning solution, which uses object detection and deep learning methods to automatically calculate 

time budgets for the breeding birds. The method can provide behavioral data on an unprecedented level 

of detail but requires significant computation power. We share insights and discuss future possible 

application of the technology and how the combination of AI and citizen science can contribute to a 

wider application of the technology. 

Validating the effectiveness of time-lapse photography for the population monitoring of a colonial 

seabird 

Alice Edney¹, Matt Wood², Tom Hart¹, Mark Jessopp³, Alexa Piggott⁴ 

¹University of Oxford, ²University of Gloucestershire, ³University College Cork, ⁴Wildlife Trust of South and 

West Wales 

The global Black-legged Kittiwake (Rissa tridactyla) population is declining rapidly in NW Europe, and so 

effective productivity monitoring is essential to understand such concerning long-term population 

trends. Current UK Seabird Monitoring Programme fieldworker methods are sufficient but labour-

intensive, preclude detailed phenology data, and are not always feasible in remote locations. Time-lapse 

cameras have the potential to overcome these challenges, but the volume of images can rapidly exceed 

researchers' visual processing capabilities as study size increases. Using volunteer citizen scientists to 

analyse photographs and training computer algorithms to recognise birds represent two possible image 

processing methods. Before algorithm-based methods can be deployed, computer analysis of time-lapse 

photographs must be validated against fieldworker observations, and image analysis by citizen scientists 

must be validated against skilled image analysts with field experience. Using camera and 'human' 

monitoring data from sites in the UK (Skomer Island) and Arctic Circle, this study aims firstly to 

determine whether time-lapse photography can measure Kittiwake nesting success and phenology, and 

secondly to validate computer analysis vs fieldworker methods, and citizen scientists vs skilled image 

analysts. Validating time-lapse photography to measure breeding success and phenology could unlock 

the potential to better understand the causes of global Black-legged Kittiwake decline. 

Comparing vantage point and unmanned aerial vehicle surveys for assessments of seabird abundance 

and fine-scale distribution 

Melissa Costagliola-Ray¹, Elizabeth Masden¹, Jared Wilson², Paul Caplat³, Lilian Lieber³, Alex Nimmo-

Smith⁴, Nina O'Hanlon¹ 

¹University of Highlands and Islands, ²Marine Scotland Science, ³Queen's University Belfast, ⁴The 

University of Plymouth 

Seabirds are affected by anthropogenic activities including fishing, climate change and marine debris. 

Increasingly, seabirds are also subject to anthropogenic activity arising from human development, 

particularly within nearshore areas. Therefore, regulators need to quantify seabird use of these habitats 

to understand the potential for interactions with developments. The real-world relevance of such 

questions is increasing as our use of these habitats increases e.g. aquaculture and marine renewables. 

Yet, many difficulties exist in gathering data within nearshore environments. A widely used technique 
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for assessing seabird abundance and distribution within nearshore areas is vantage point surveys (VPS) 

from the shore. However, the ability of VPS to gather data suitable for Environmental Impact 

Assessments can be compromised by several biases stemming from detectability issues and the 

spatiotemporal resolution of data. These biases are exaggerated in high-energy environments (relevant 

to tidal stream/wave energy generation) and survey techniques are often poorly suited to these 

environments. Our study seeks to investigate the use of multiple survey techniques as an integrated 

approach to seabird monitoring. We undertook concurrent VPS and unmanned aerial vehicle (UAV) 

transects within the Strangford Lough tidal channel (Northern Ireland) to assess seabird abundance and 

distribution. We discuss the similarities/differences observed in seabird abundance and distribution 

detected by both survey methods to explore the potential benefits of using an integrated approach. We 

highlight when it may be beneficial to use UAV surveys to supplement VPS data to build a more 

complete picture of seabird use of tidal stream environments. The use of UAV surveys may represent a 

useful validation tool for the more widely used VPS, as well as the potential to add additional 

complementary data. This work has wide reaching applications as VPS are commonly used to 

understand seabird use of the marine environment. 

Age-specific variation in demographic traits of sympatric seabirds with divergent population 

trajectories 

Dimas Gianuca¹, Richard Phillips², Andrew Wood², Deborah Pardo², Stephen Votier³ 

¹Projeto Albatroz, ²British Antarctic Survey, ³University of Exeter 

Age and experience affect key life-history traits, influencing evolutionary processes in a variety of ways. 

Timing of breeding in relation to optimal environmental conditions (e.g. peaks in prey availability) can 

also influence breeding success, and studies of closely-related, allochronic species may help disentangle 

the effects of phenological mismatch on ageing patterns. Here, we test for the effects of age and 

experience on the survival and reproduction of two long-lived seabirds with different timing of breeding 

and divergent population trajectories. At South Georgia, populations of the northern (NGP, Macronectes 

halli) and southern giant petrel (SGP, M. giganteus), are increasing and stable, respectively. In early 

adulthood, first-time breeders of both species had lower breeding success and annual survival. Breeding 

success improved markedly with age until around 20 years, driven by within-individual factors, but was 

lower in SGP which also experienced earlier reproductive senescence. Pre-fledging body mass in NGP 

showed a broadly quadratic relationship with parental age, suggesting that the age-specific pattern in 

breeding success was partially related to variation in foraging performance. Furthermore, pre-fledging 

body mass increased rapidly with parental age among first-time breeders in both species, but breeding 

success did not, further demonstrating the importance of foraging performance rather than breeding 

experience per se. Due to allochrony, NGP rear their chicks when the availability of seasonally-limited, 

high-calorie food (seal and penguin carrion) is higher. This would explain their delayed reproductive 

senescence and, potentially, improved performance in adulthood due to better neonatal nutrition. In 

addition, it contributes to the divergent population trajectories of the two species at South Georgia. 

These findings provide empirical evidence for the influence of phenological mismatch on reproductive 

senescence. 
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Fisheries Interaction I 
Understanding and tackling seabird bycatch within a multi-taxa approach - results and lessons from 

the Mediterranean 

Daniel Mitchell¹, Antonio Vulcano¹ 

¹BirdLife Europe and Central Asia 

Records of bycatch of sensitive species in the Mediterranean include seabirds, elasmobranchs, 

cetaceans and sea turtles; however, information is scarce and unequally distributed, and there are 

significant gaps in certain sub-regions, and for specific fishing gears. Bycatch represents one of the most 

significant threats to seabirds globally. In the Mediterranean and Black Sea it is estimated that 5,100 

seabirds/year are bycaught in longline fisheries, although this is likely to be an underestimate. Often, 

seabird bycatch is addressed in isolation from bycatch of other taxa. A multi-taxa approach can help to 

understand the bycatch problem and tackle it in a comprehensive way. It can reveal spatial and 

temporal overlap between bycatch of different taxa and allow the effectiveness of mitigation measures 

to be assessed across all affected taxa, therefore facilitating the identification of solutions that benefit 

multiple taxa, or at least avoid trade-offs between taxa. We will present the findings from data 

collection on multi-taxa bycatch in Cyprus, Morocco, Tunisia and Turkey following a standardised data 

collection methodology adopted by the General Fisheries Commission for the Mediterranean. It 

provides a first insight into bycatch in some of the data scarce areas of the Mediterranean and 

represents a first step towards comparable data at the regional level. We will also explore some of the 

benefits and opportunities of a multi-taxa approach to bycatch as well as some of the challenges. 

European fishing discard ban: how will it affect Mediterranean seabirds? 

José Manuel Arcos¹ 

¹SEO/BirdLife 

Seabirds have learnt to exploit fishing discards across the globe, as an abundant and predictable source 

of food that may complement their natural prey uptake. Mediterranean seabirds make particularly 

extensive use of this resource, including endemic and threatened species, given the high degree of 

overexploitation of their natural prey in the region. Discards play an important role in the ecology of 

these seabirds, and a discard ban envisaged by the current EU Common Fisheries Policy (2013), the so 

called landing obligation, might have significant short-term impacts. As a starter, it might reduce food 

availability to sensitive seabird populations, which might be unable to compensate the lack of discards 

with current scarcity of natural prey. This would first affect breeding performance, but effects on 

survival might also arise, either directly (starvation) or indirectly (e.g. increased predation by 

opportunistic species, or enhanced bycatch when seabirds intensify their association with fisheries 

seeking for food). Effects at community level might also occur through increased competition. To 

properly understand these effects, it is important to know the extent of the discards reduction. Despite 

its name, the discard ban only affects fish species regulated by either quota (rare in the Mediterranean) 

or minimum landing size. Considering data on recent discard composition in NE Spain, the removal of 

regulated species from the discard fraction would represent a reduction of 47% in biomass, but only 

19% in potential energy. However, depending on how it is logistically handled, the landing obligation 

might make easier for fishermen to land the entire catch, thus posing a severe constrain to the local 

seabird community. Whatever the case, proper studies will be necessary to monitor the landing 
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obligation implementation, and measures to minimize its impact on seabirds should be adopted while 

their natural prey stocks remain overexploited. 

Fishing effort as a covariate in predicting the at-sea distribution of a vessel-attending seabird 

Jamie Darby¹, Sophie de Grissac², Ellie Owen³, Mark Bolton³, Emily Shepard², Luca Borger², John Quinn⁴, 

Mark Jessopp⁴ 

¹University College Cork - MaREI and School of BEES, ²Swansea University, ³Royal Society for the 

Protection of Birds, ⁴University College Cork 

The Northern fulmar (Fulmarus glacialis) is a far-ranging pelagic-foraging seabird that can scavenge offal 

and discards from fishing vessels, and whose at-sea distribution is poorly understood. We modelled the 

foraging distribution of fulmar using GPS tracks (n=64, map attached) from nine colonies across 

Southeast Ireland and Scotland using biotic, abiotic and anthropogenic covariates. Behaviours were 

annotated to tracks using non-interpolated Hidden Markov Models to detect commuting, resting and 

foraging states. Areas foraged in were seen as preferred feeding habitat and tested against areas that 

were passed through with no foraging behaviour using a GLMM with an autoregressive correlation 

structure. Covariates included sea surface temperature, chlorophyll-a, depth, slope, fishing effort 

(mobile gears) and fishing vessel presence. Fisheries data were aggregated across multiple years across 

the breeding season (May-August, 2012-16) to provide generalised intensity per unit area rather than 

assuming direct vessel interactions in time and space. Fishing effort was an important predictive variable 

for habitat selection; others included bathymetric slope, sea surface temperature and chlorophyll-a 

concentration. Vessel presence and depth were dropped from the final model. The power of fishing 

effort to predict fulmar foraging distribution is likely due fulmars and fisheries targeting the same areas, 

as well as fulmar attendance at vessels to consume discards and offal. Finally we used this model to 

predict the at-sea distribution of fulmars breeding across the UK and Ireland. Our study demonstrates 

how including habitat variables based on human activity can provide greater predictive power than 

biotic and abiotic covariates alone for species feeding at higher trophic levels, and is one of a few to do 

so at a large spatial scale. 

Seabird bycatch and prioritizing fishing fleets: tuna pole and line fishery 

Andrea Angel¹, Reason Nyengera¹ 

¹BirdLife South Africa 

Seabird bycatch is one of the most pervasive threats to seabird populations globally. South Africa is a 

hotspot for foraging seabirds where they overlap with hundreds of fishing vessels, using a diverse array 

of gear that are known to cause seabirds deaths. Between 2006 and 2010 the Albatross Task Force (ATF) 

in South Africa was able to take advantage of a fishery seeking Marine Stewardship Council (MSC) 

certification, to implement seabird bycatch mitigation measures. In a few years it became one of the 

most successful examples of seabird bycatch reductions the world over. Since then however, broadscale 

implementation of mitigation measures has been less straight forward, and with limited conservation 

resources, coupled with an increasing urgency to reduce bycatch, the ATF has taken a multi-pronged 

approach, to increase uptake. Leveraging 'carrots' and 'sticks', while maintaining its grass-roots 

engagement with fishermen, it advocates for bycatch reduction at multiple institutional and government 

levels. From simple gains through the adaptation of a bird scaring line, assisting fleets to be compliant, 

to tackling new gear types for which mitigation still needs to be developed, prioritizing conservation 

efforts are key. The tuna pole and line fishery is thought to have low ecosystem impact and be of 
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minimal threat to seabirds or other Endangered Threatened and Protected (ETP) species. However, 

small vessel size and no obligation to carry on-board observers has meant that there is no data to 

support this claim. By taking advantage of the fishery's pre-assessment study for MSC certification the 

ATF was able to advocate for the need to assess seabird bycatch as part of a 3 year observer 

programme, with minimal cost implications. We describe the fishing methods, and risk to seabirds by 

presumed safe gear types. We present preliminary data and levels of bycatch, and discuss possible 

mitigation options. 

Including seabird descriptors in current fishery programmes to advance towards a holistic monitoring 

Maite Louzao¹, Jon Ruiz¹, Iñaki Oyarzábal¹, Mikel Basterretxea¹, Arkaitz Pedrajas¹, Arnaitz Mugerza¹, Unai 

Cotano¹, Marina Santurtun¹ 

¹AZTI Fundazioa 

To develop an ecosystem-based approach to fisheries management a holistic perspective is necessary 

that goes beyond target species management, to preserve ecosystem functioning and, therefore, secure 

future food availability. For that, current fishery programmes should widen their objectives to include 

the collection of ecosystem descriptors to effectively take advantage of funding and human resources in 

relation to fisheries monitoring already in place. From an ecological perspective, fishing discards are 

food subsidies unnaturally available that can profoundly impact the life history traits and population 

dynamic of seabirds, as well as the structure of the community. In 2015, we took advantage of the Data 

Collection Framework programme monitoring the Basque trawling fleet to incorporate seabird 

descriptors associated to trawlers as an additional task to be performed by the observers. The main 

objectives were (1) to develop a standard protocol from an interdisciplinary expert committee, (2) to 

obtain baseline information of seabird association to trawlers to be able to track changes and (3) to 

understand seabird abundance and diversity considering community dynamics taking into account 

fishing parameters. Based on the developed standard protocol, more than 21 species of seabirds were 

recorded in this important migratory flyway and wintering area, with maximum numbers between 

November and March. Based on Generalized Linear Models, we identified that the number of trawlers 

operating simultaneously in the same fishing ground was the main critical driver given its importance 

explaining seabird community parameters. This specially could occur in the main discarding ground 

identified in the outer shelf area at the latitude of the Gironde river, which was a recurrent fishing 

ground, especially for otter trawl fishing. Our approach puts into value the seabird descriptors that the 

Data Collection Framework observers can systematically monitor during the trawling activity, providing 

relevant information on the effect of trawling on other biodiversity components such as seabirds. This 

information will be critical to respond to the application of the reform of the Common Fisheries Policy 

Estimating seabird population responses to bycatch mitigation in UK fisheries 

James Miles¹, Matt Parsons², Catharine Horswill³ 

¹University of Southampton, ²Joint Nature Conservation Committee, ³ZSL Institute of Zoology and 

University College London 

The first preliminary estimates of seabird bycatch mortality from certain fishing gears of the UK-

registered fishing fleet in UK and adjacent waters (Northridge et al., 2020) suggest considerable 

mortalities for some species. Here we present the results of a Population Viability Analysis (Miles at al., 

2020) that estimates the relative population gains that UK seabirds could theoretically achieve if these 

estimated levels of mortality were to be eliminated by bycatch mitigation measures (and assuming no 



169 
 

other pressures are operating). Preliminary results indicate that bycatch mitigation would benefit great 

cormorant and northern fulmar the most, resulting in a population increase after 25 years of 

approximately 2% and 7%, respectively (assuming a density-dependent response in growth rate with 

increased population size). Regional breakdowns identified potentially even greater gains. As part of 

international efforts, we summarise work undertaken by the UK fishing industry, in partnership with 

governments and scientists, to reduce bycatch. We conclude by exploring evidence gaps, related 

challenges and potential solutions. 

Competition or coexistence? Krill utilisation by marine predators and the krill fishing industry 

Victoria Warwick-Evans¹, Luciano Dalla Rosa², Jefferson Hinke³, Norman Ratcliffe¹, Jarrod Santora⁴, 

Eduardo Secchi², Elisa Seyboth², James Waggitt⁵, Phil Trathan¹ 

¹British Antarctic Survey, ²Federal University of Rio Grande, ³NOAA, ⁴University of California Santa Cruz, 

⁵Bangor University 

The Southern Ocean provides important breeding and foraging habitats for numerous marine predators, 

many of which rely on Antarctic krill Euphausia superba as their main prey item. Krill are also the target 

of a commercial fishery, which has the potential to reduce prey availability to dependent predator 

species. Alternatively, krill-dependent predators and the krill fishing industry may co-exist with no 

negative impacts if krill is abundant and catch limits account for predator requirements. In order to 

manage the krill fishery in such a way as to limit potential negative impacts on marine predators it is 

important to identify areas which are important to krill-dependent predators. We have developed a 

suite of habitat models, to predict the density distributions of 14 species of krill-dependent predators 

including penguins (3 species), procellariform seabirds (8 species) and cetaceans (2 species) during 

austral summer. Additionally, we have estimated the total krill consumption by each predator species by 

collating energy requirements and diet composition from the scientific literature. By combining species-

specific estimates of krill consumption with species distributions predicted from our habitat models we 

have created a series of spatially explicit estimates of krill consumption across the Antarctic Peninsula 

and South Shetland Islands. We found high inter-specific variation in the spatial distribution of krill 

consumption, and some overlap between predator consumption and the krill fishery. However, 

understanding the possible impacts of the fishery on marine predators remains challenging due to 

important gaps in our understanding. These include i) spatio-temporal mismatches between predator 

data and the krill fishery, ii) the impact of krill transport, downstream impacts and replenishment rates, 

iii) disruption of krill swarms, and iv) seasonal variation. 

 

Demography & Surveys II, Diet I 
Ecologically informed distribution maps for seabird communities in the north-eastern Atlantic Ocean 

James Waggitt¹, Peter Evans¹ 

¹Bangor University 

Quantifying spatial and temporal variations in the distribution of seabirds is a fundamental component 

of their conservation. A common approach uses vessels or aircraft to record animals along transect lines, 

and species distribution models or geostatistical interpolation to produce density surfaces. However, 

individual surveys cannot record distributions at annual, seasonal and continental scales. The tendency 

to use spatiotemporally explicit information when constructing density surfaces also produces outputs 
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representing instantaneous distributions at the time of surveys or the intensity of survey effort, rather 

than overall distributions. This study uses a combination of methods to produce density surfaces of 12 

species at a monthly and 10km resolution over 30 years in the north-eastern Atlantic. First, 1.6 million 

kilometers of surveys were collated from 15 sources. Second, ecologically informed species distribution 

models based on relevant environmental variables were developed. This approach produced sensible 

estimations of seasonal distributions. These widely applicable approaches provide inputs into a range of 

complementary analyses into ecosystem-level processes, as well as management strategies aiming to 

identify and mitigate impacts on populations. 

Shifts in diet, foraging effort and chick/adult condition of razorbills in coastal Newfoundland along 

with species interactions under varying prey availability 

Lauren Lescure¹, Gail Davoren¹ 

¹University of Manitoba 

Breeding seabirds respond to changes in prey availability, leading to shifts in diet, foraging effort, 

breeding success and possibly species interactions. Capelin (Mallotus villosus) is the primary forage fish 

species on the Newfoundland Shelf in eastern Canada. Capelin migrate in high abundance into coastal 

regions to spawn during the summer, dramatically increasing inshore prey availability. Due to changes in 

ocean climate, however, the biomass and timing of arrival of spawning capelin has become highly 

variable. To investigate responses of razorbills (Alca torda) to varying prey availability, we combined 

ship-based measures of capelin biomass with device-based measures of foraging trip and dive 

characteristics (e.g., trip distance, number of dives) and colony-based measures of chick/adult body 

condition across three years (2017, 2019, 2020). Shifts in razorbill interactions with common murres 

(Uria aalge) and Atlantic puffins (Fratercula arctica) were examined by quantifying isotopic niche overlap 

(δ15N, δ13C) of all three species across four years (2017 - 2020). Foraging effort (e.g., trip distance, 

number of dives) increased in the year with lower capelin biomass (2020), which was also associated 

with lower adult and chick body condition. Razorbills also experienced increased isotopic niche overlap 

with other species in this year, due to increased species-specific niche breadth, suggesting a 

convergence of seabird species on a similar wider variety of alternate prey types. Findings suggest that 

low capelin availability during breeding will lead to increased foraging effort, fitness consequences and 

the potential for increased interspecific competition, which may influence the persistence and 

coexistence of seabird species in coastal Newfoundland. 

A significant shift in cephalopod diet of the Sooty Albatross (Phoebetria fusca) during a pronounced 

El-Niño event 

Shamiso Banda¹, Tegan Carpenter-Kling¹, Maelle Connan¹, Pierre Pistorius¹ 

¹Nelson Mandela University 

The ever-growing recognition that the global system is a collection of interconnected components, has 

increased awareness of the importance of biodiversity and its conservation. Climate-driven changes in 

the Southern Ocean ecosystems are among the most globally pronounced and have resulted in a major 

system shift. Studies on the trophic ecology of populations are valuable for detecting and monitoring 

changes in lower trophic levels and the ecosystem as a whole. This lends to the assessment of 

vulnerability and responses to changing environmental conditions. The endangered Sooty Albatross, 

Phoebetria fusca, is one of the four albatross species breeding on sub-Antarctic Marion Island. This 

study used a combination of stomach content and stable isotope analysis to assess changes in the diet, 
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trophic level and location of feeding zones over three years (2015-2017) including a pronounced El-Niño 

event (2015/16). A total of 4481 upper and 4035 lower accumulated cephalopod beaks were isolated 

from diet samples collected from 65 individuals. A dietary shift was evident in 2016 which had a 

significantly lower cephalopod species diversity and relative abundance compared to 2015 and 2017. 

Furthermore, there was a complete shift in dominance between Batoteuthis skolops and Galiteuthis 

glacialis in the diet. The decrease in cephalopod relative abundance in 2016 coincided with an increase 

in bird remains in their diet. Stable isotope analysis revealed that most individuals fed in similar waters 

over the three-year study period indicating that environmental conditions, rather than different foraging 

locations, were likely responsible for the dietary shift. This is suggestive of a dynamic nature in the 

structure of the Southern Ocean cephalopod community. The sensitivity of lower trophic levels to 

environmental variability, as demonstrated through the use of a marine top predator as a biological 

sampler, suggests that Southern Ocean communities are likely to experience significant changes in this 

rapidly changing environment. 

A multi-method approach to monitor and categorize changes in diet composition in common 

guillemots in the Baltic Sea 

Per-Arvid Berglund¹ 

¹Baltic Seabird Project 

Understanding seabirds' diets is key in understanding species reactions to current and future marine 

ecosystem changes. Finding appropriate and practical methods for diet sampling and ensuring 

comparability between historical and current studies is therefore essential. We studied the diet of 

common guillemot (Uria aalge) chicks at the Baltic Sea island of Stora Karlsö ((57° N, 17° E)) using a 

multi-method approach, combining dawn-to-dusk feeding watch studies (2005-2019), stomach content 

analysis (2008-2020), and nest sampling of discarded prey (1972-1976 + 2015-2021). Local chick diet 

composition was previously based on secondary data: prey dropped in nests not verified to represent 

consumed prey, and ocular feeding observations not allowing for distinction between sprat (Sprattus 

sprattus) and herring (Clupea harengus). By collecting 200+ chicks (deceased by unsuccessful landing 

during fledging), stomach content could be analyzed. This material was then compared with dropped 

prey of the same period. The material from the two sources matched, confirming the usefulness of 

dropped fish as an indicator of consumed prey. This allowed for a historical comparison of dropped fish, 

showing both some change in prey species composition and in prey size between the 1970s and today. 

Monitoring diet change over time can inform about both local seabird conditions, and marine ecosystem 

changes at large, and is fundamental in prey based models. Climate change, fisheries, eutrophication 

and population dynamics in all trophic levels possibly effect seabird diet composition and by comparing 

historical and current trends more can be known about links in marine ecosystems. 

Diet composition and provisioning rates of nestlings determine reproductive success in a subtropical 

seabird 

Juliet Lamb¹, Yvan Satge², Katie O'Reilly³, Patrick Jodice⁴ 

¹University of Rhode Island, ²Clemson University, ³University of Portland, ⁴US Geological Survey 

Understanding how both quality and quantity of prey affect the population dynamics of marine 

predators is a crucial step toward predicting the effects of environmental perturbations on population-

level processes. The Junk Food Hypothesis, which posits that energetic content of prey species may 

influence reproductive capacity of marine top predators regardless of prey availability, has been 
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proposed as a mechanism by which changes in prey populations could affect predator populations in 

high latitude systems; however, support for this hypothesis has been inconsistent across studies, and 

further data are needed to elucidate variation in the relative importance of prey quantity and quality 

among predator species and across ecological systems. We tested the relative importance of prey 

quantity and quality to nestling survival, condition, and stress levels in the eastern brown pelican 

(Pelecanus occidentalis carolinensis) across 9 breeding colonies in the northern Gulf of Mexico. 

Compared to previous results from cold-water systems, we found lower and less variable energy 

densities (4.4 kJ g−1, vs. 5.2 to 6.5 kJ g−1 in other studies) and lipid content (9% dry mass, vs. 16 to 23% 

in other studies) of common prey items. As a result, energy density of meals was not a strong predictor 

of fledging success, body condition, or stress levels of nestlings. However, both feeding frequency and 

meal mass were significantly correlated to energy provisioning rates and nestling survival. We also found 

that levels of the stress hormone corticosterone in nestling feathers collected at 3-4 weeks of age 

correlated strongly with provisioning rates and predicted both pre-and post-fledging survival more 

effectively than did one-time measures of body condition. We conclude that quantity rather than quality 

of prey, particularly small schooling fish, is the main driver of brown pelican reproductive success in this 

system, and that environmental perturbations affecting biomass, distribution, and abundance of forage 

fish could substantially affect brown pelican reproductive success. Moreover, our results suggest that 

feather corticosterone can provide information on both nutritional stress and survival rates in free-living 

seabird nestlings. 

A Winter's Tail: Stable isotope analysis of feather amino acids identify contrasting seasonal trophic 

niches in Antarctic penguins with differing migration strategies 

Michael Polito¹, Katelyn Lamb¹, Jefferson Hinke² 

¹Louisiana State University, ²National Oceanic and Atmospheric Administration 

Penguins are common model organisms in basic and applied research on climate change, marine 

pollution, and fisheries management in Antarctica. For example, Adélie (Pygoscelis adeliae) and 

Chinstrap (P. antarctica) penguins are focal species in krill fisheries management efforts in the Southern 

Ocean because their diets contain high proportions of Antarctic krill (Euphausia superba) and their 

performance is assumed to be an indicator of ecosystem status. However, most studies of penguin 

foraging ecology have focused on the breeding season and little is known about these species' diets 

during the winter. Stable isotopes analysis can be used to infer seabird diets when they are away from 

their colonies, but often cannot distinguish the influence of a consumer's diet (i.e. what it eats) from 

geographic or temporal differences in baseline isotopic values (i.e. where and when it is eating). To 

address these challenges, we used compound-specific stable isotope analysis of amino acids in feathers 

to compare the breeding (i.e. chick rearing) and non-breeding (i.e. winter) trophic niches of Adélie and 

Chinstrap penguins from the South Shetland Islands, Antarctica while explicitly accounting for varying 

isotopic values at the base of the food web. We found that these species had similar trophic positions 

(~3.3) reflective of krill consumption during the chick rearing period similar to past studies using more 

traditional methods. However, trophic position was higher in Chinstrap penguins wintering in ice free 

areas (3.9), relative to Adélie penguins wintering in ice covered areas (3.1). Moreover, trophic position 

differed between Chinstrap penguins migrating eastward into the Scotia Sea (3.6) or westward to the 

Pacific sector of the Southern Ocean (4.0). These results suggest that estimates of Adélie and Chinstrap 

penguin diets and krill consumption from the breeding season may not be necessarily reflective of the 

trophic niches of these species year-round. 
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Monitoring II 
Time-lapse cameras on guano islands of Peru: Reliable and accurate tools to determine breeding 

sucess, trip length and breeding phenology of Peruvian boobies 

Carlos Zavalaga¹, Diego Ardiles¹, Cristina Burga¹, Diego Gonzales¹, Cinthia Irigoin-Lovera¹, Sebastián 

Lozano¹ 

¹Universidad Científica del Sur 

Since historical times Peruvian boobies - Sula variegata - have been recognized as an important guano-

producer seabird in Peru due to their large numbers and dense colonies. They are also major bio-

indicators and target conservation species within the Marine Protected Areas in Peru. Nevertheless, 

there is no long-term ecological monitoring programs other than estimates of their population size. We 

used time-lapsed cameras installed on several islands and walled-off headlands of Peru between 2016 

and 2019 to evaluate their feasibility and accuracy to determine some aspects of the breeding and 

foraging behavior of Peruvian boobies. Time-lapse cameras were programmed at 15-min intervals, 

lasting approximately 6 months. Feeding trip length of chick-rearing adults were accurately determined 

when contrasting presence/absence of dyed birds from the photographs with GPS tracks of the same 

birds (r²=0.98). Nest survival curves were determined and causes of nest failures were identified (e.g. 

tick infestation) or discarded (e.g.predation). Breeding phenology was also determined on different 

islands arriving to the conclusion that boobies are highly asynchronous both within and across colonies. 

Inter-annual variations on these parameters linked to oceanographic conditions and fishing activities 

would shed light for a better understanding of seabird number fluctuations and conservation. 

Weighbridges: remote monitoring with minimal disturbance 

Ross Holmberg¹, Kean Maizels², Richard Reina³, Andre Chiaradia¹ 

¹Phillip Island Nature Parks, ²Kean Electronics, ³Monash University 

One of the highest goals in seabird life history studies is in detecting animal movements and life cycles 

without interfering with the animals' natural behaviour. This goal is most fully realised when animals are 

studied remotely, without ongoing exposure to human researchers, and without any external biologging 

device inhibiting their natural movement. Radio-frequency identification (RFID) offers opportunities to 

monitor seabirds that must return to a consistent location. Detections by fixed automated systems 

(antennas and weighbridges) provide the opportunity to collect ongoing, consistent data which can be 

used to estimate survival, dispersion, or to understand foraging patterns. On Phillip Island, Australia, we 

have operated weighbridge systems for over 20 years to monitor the local population of penguins. 

These systems have proved an extremely useful tool for our research both in the value of the data they 

produce, and the ability to greatly reduce the field work required to monitor the local population. Here, 

we propose the use of these systems to achieve similar results in remote locations. We will outline the 

fundamentals of the systems we have in place, and the requirements for implementing similar systems 

in other situations. We will specify the biggest challenges and limitations other researchers are likely to 

come across, and some of the solutions we have devised to overcome them. We will also outline some 

of the research outcomes we have been able to achieve thanks to the implementation of these 

weighbridge systems, particularly for detecting transitions between breeding stages. This relatively low 

cost system has the potential to be used in remote colonies, with robust methodologies, significant 

sample sizes, and minimal disturbance. 
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Monitoring murre reproductive success in Savoonga, Alaska 

Jennifer Curl¹, Punguk Shoogukwruk², Alexis Will³ 

¹Alaska Department of Fish and Game, ²Native Village of Savoonga, ³University of Alaska Fairbanks 

Murres (both thick-billed, Uria lomvia, and common, U. aalge) are a culturally important food resource 

for the St. Lawrence Island community of Savoonga, Alaska. Savoonga hunters harvest adult murres in 

the spring as they return to their breeding colonies and collect murre eggs from cliffs during clutch 

initiation. Murres are internationally recognized as a marine ecosystem indicator species and 

abundance, reproductive success, and migration routes are monitored throughout the Arctic, primarily 

outside the United States. There is only one Arctic colony monitored in the state of Alaska. In 2018 and 

2019, we tested photographic, analytical and outreach methods that would enable community-based 

monitoring of murre reproductive success at a colony near Savoonga. Our methods were aimed to 1) fill 

in information gaps at the state, regional and international management levels, and 2) engage high 

school students and the broader community in monitoring the health of a local resource. We found that 

cost-effective and easy-to-use RECONYX cameras provided adequate image resolution to identify 

breeding murres and track nest fates using open source software and methods described by Merkle et 

al. 2016. We developed and delivered two parts of a four-part series of lessons for high school students 

at Hogarth Kingeekuk Sr. Memorial School in Savoonga to trial classroom curricula to introduce and 

integrate high school science students in the photographic analysis process. We discuss the logistics of 

this project and our long-term goal of handing monitoring over entirely to the community. 

Seabird island ecosystem recovery through an isotopic lens 

Penelope Pascoe¹, Holly Jones², Rowan Trebilco³, Mark Hindell¹, Justine Shaw⁴, Christine Weldrick¹ 

¹University of Tasmania, ²Northern Illinois University, ³CSIRO, ⁴The University of Queensland 

Seabirds are island ecosystem engineers. They transport nutrients from the marine environment to 

islands, influencing terrestrial community composition and food web structure and function. Globally 

seabirds are at risk, with invasive mammals their greatest threat. Declines in seabird populations pose a 

critical threat to many island ecosystems. Eradications of invasive mammals on islands are increasingly 

being undertaken to protect seabird populations and conserve island ecosystems. Assessing how these 

island ecosystems respond is essential for assessing whether desired conservation outcomes are being 

achieved, for identifying when active ecosystem restoration interventions are required and for providing 

feedback to eradication funders and stakeholders. However, it is challenging to do so. Ideally, long-term 

multi-species monitoring, both pre and post-eradication would provide the basis for assessing 

ecosystem recovery. Globally, monitoring following invasive species eradications is sporadic. Due to 

ecological complexity and financial and logistical challenges monitoring is often restricted to assessing 

select species responses. We are investigating the use of stable isotope analysis as a cost- and time-

effective assessment technique for evaluating ecosystem recovery. Stable isotope analysis is well 

established as a technique for tracing nutrient flow through food webs. Stable isotope signatures 

provide integrative insights into ecosystem structure and function, without needing detailed field work 

on all ecosystem components. We are undertaking a large-scale natural experiment utilising over 30 

islands around Australia, New Zealand and the sub-Antarctic. We are using nitrogen stable isotopes to 

trace flows of seabird-derived nutrients through food webs on islands at various stages following 

invasive mammal eradication. Comparisons will be made with never-invaded and still-invaded islands to 

investigate the progression of eradicated island ecosystem recovery. We are also investigating an array 
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of temporal, spatial and environmental variables also likely to influence stable isotope levels to explain 

additional noise in the isotope data and ensure comparable sampling between islands is possible. 

A threatened seabird demonstrates adaptation to a novel habitat type following self-colonisation of a 

pest-free island 

Yuna Kim¹, Emily Mowat², Nicholas Carlile³ 

¹Dr Kim's Conservation Solutions, ²BirdLife Australia, ³Department of Planning, Industry and Environment 

Montague Island (MI), located off the south coast of New South Wales (NSW), Australia (36° 15' S, 150° 

14' E) is an important breeding site for a number of seabird species. Following the eradication of feral 

animals from the island, two individuals of the threatened Gould's Petrel (Pterodroma leucoptera 

leucoptera) were found unexpectedly in 2012. This species previously bred only on Cabbage Tree Island 

(CTI) and in smaller numbers on nearby Boondelbah Island off the north coast of NSW. The number of 

breeding pairs of Gould's Petrels on MI increased to 39 in 2018-19 and as of March 2021, more than 70 

nests have been recorded as being active. Establishment was possibly assisted by a sound attraction 

system installed in September 2014. Available habitat on MI, a largely treeless island dominated by low, 

dense vegetation, differs substantially from that of the main breeding areas on CTI (rock scree in palm 

forest gullies). Almost a third of nests on MI are created by tunnelling into the bases of clumping Basket 

grass (Lomandra longifolia) and Blue Tussock-grass (Poa poiformis). This is the first recorded instance of 

this non-burrowing species creating habitat for itself. These results indicate that even seemingly 

specialised seabirds can adapt their habitat use upon colonisation of new islands and breed in atypical 

habitat. Gould's Petrels breeding on CTI are known to forage to the east and south of Tasmania and 

westwards into the Great Australian Bight. As MI lies ~450 km closer to these foraging grounds, breeding 

on MI could be advantageous for harmonising incubation shifts and chick provisioning. This may already 

be reflected in breeding success on MI exceeding that of CTI in recent seasons. The establishment of this 

lower latitude breeding site may also facilitate the adaptive response of the species to climate change. 

These findings reinforce the importance of island restoration to allow for establishment of new seabird 

colonies, particularly for threatened species with highly restricted distributions. 

Townsend's Shearwater (Puffinus auricularis), outcomes and new insights of the monitoring and 

conservation program of a critically endangered species 

Fernando Solis Carlos¹, Antonio Ortiz Alcaraz¹, Yuliana Bedolla Guzman¹, Federico Mendez Sanchez¹, 

Luciana Luna Mendoza¹, Evaristo Rojas Mayoral¹ 

¹Grupo de Ecologia y Conservacion de Islas, A.C. 

Townsend´s Shearwater (Puffinus auricularis, TOSH) is a species endemic to the Revillagigedo 

Archipelago in the Tropical Eastern Pacific. TOSH is one of the most endangered seabird species in North 

America listed as critically endangered with less than 100 breeding pairs. TOSH population has declined 

due to natural and anthropogenic processes such as volcanic eruptions and the introduction of alien 

invasive species. This work details the activities and results of a joint effort between national and 

international institutions for the monitoring and active restoration for the conservation of this species. 

In 2015, we started an intensive monitoring program to locate the latest nesting colonies and to 

determine its population status, using techniques such as auditory surveys, bioacoustics, detection dogs, 

trail cameras, and GPS devices. In 2017, we began an active restoration program using social attraction 

techniques (artificial burrows and sound systems). Through bioacoustics and auditory surveys, around 

3,316 ha of breeding habitat have been surveyed on Socorro and Clarión islands. More than 40 
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recording sites with the presence of TOSH calls and 23 active burrows have been found on Socorro. Also, 

eight burrows were found on Clarión, representing the first nesting records for the island after 29 years. 

Burrow monitoring has shown that there is high variability in reproduction success despite 100% of 

breeding pairs attendance every year and new potential threats have been identified. In 2019, the 

nesting of the first pair of shearwaters was recorded in an artificial burrow and until now two chicks 

fledged successfully. Moreover, GPS fixes showed a maximum feeding range of 33 km from the nest site. 

Recent non-native mammal eradications have considerably improved habitat on Socorro and allowed 

the recolonization of Clarion. Nevertheless, the results suggest that despite mammal eradications, new 

active restoration techniques would be needed to enhance TOSH population recovery. 

 

Disease/Parasite II, Physiology II, Diet II 
Seabirds and ectoparasites: the benefits of hosting parasites for colonial species 

Maggie Watson¹ 

¹Charles Sturt University 

By their very nature and definition, parasites are often considered harmful or detrimental to their hosts. 

However, parasites that do not cause disease have the potential to be beneficial to hosts, especially by 

improving host immune function. This phenomena, termed immune system priming, increases the 

specificity and functionality of immune response as a result of immunological experience during early 

life. To explore the potential for immune system priming in a colonial seabird, crested tern chicks 

Thalasseus bergii were sampled before, during and after hatching to determine the exact period that the 

immune system begins production of white blood cells. This functionality was significantly earlier than a 

non-colonial bird, the red jungle fowl, indicating that colonial living may result in life-long improved 

immune function. Candidates for immune system priming were surveyed at two sites resulting in louse 

species as the favoured candidates. The potential for other ecto-parasites (ticks, fleas) to function as 

immune system primers and the need for targeted research and conservation of co-evolved ecto-

parasites is discussed. 

Investigating native and introduced predators involvement in pathogen maintenance and spread 

within and among endangered seabird colonies 

Amandine Gamble¹, Augustin Clessin², Baudouin Des Monstiers³, Lorien Boujot³, Romain Bazire², Romain 

Dedet⁴, Marine Bely², Erwan Lagadec³, Jean-Baptise Thiebot³, Audrey Jaeger³, Camille Lebarbenchon⁵, 

Pablo Tortosa⁵, Eric Thibault⁶, Christophe Barbraud⁷, 

¹University of California Los Angeles, ²Centre d'Ecologie Fonctionnelle et Evolutive, ³Réserve Naturelle 

Nationale des Terres Australes Françaises, ⁴Laboratoire Départemental Vétérinaire de l'Hérault, 

⁵Université de la Réunion, ⁶Ceva Biovac, ⁷Centre d'Etu 

Accumulating evidence suggest that infectious diseases represent a significant threat to seabird 

populations. Characterizing the reservoir community of pathogenic infectious agents is key to identify, 

and potentially limit, pathogen re-emergence and spread. Due to their foraging behaviours, terrestrial 

predating and/or scavenging species have the potential to play critical roles in epidemiological dynamics 

by introducing, maintaining pathogens and/or enhancing their circulation within and among seabird 

colonies. On Amsterdam Island (Southern Indian Ocean), avian cholera, caused by Pasteurella multocida 

bacteria, has been causing recurrent die-offs of albatross and penguin nestlings since the 1980's, 
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threatening the viability of these populations. We investigated the potential role of native brown skuas 

Stercorarius antarcticus and introduced rodents (Rattus norvegicus and Mus musculus) in avian cholera 

outbreaks by combining classical epidemiological tools with population and foraging ecology 

approaches. At the height of the avian cholera epizootics, both rodents and skuas carried P. multocida. 

Movement tracking of skuas revealed that they do not defend individual foraging territories, and that a 

given individual could visit several seabird colonies within a day, creating opportunities for pathogen 

spread at the island scale. In contrast, rodents may contribute to pathogen spread at a smaller, within-

colony, scale. During winter, when most seabirds have migrated at sea, rodents still carried P. multocida 

bacteria, suggesting that they may play a critical role in the inter-annual maintenance of the bacteria. 

Based on these empirical results, we discuss the potential management strategies that could be 

designed to limit pathogen re-emergence and spread in seabird communities. Overall, this study 

highlight the benefit of broadening field investigations beyond classical epidemiological data and 

beyond the obviously affected species in order to better understand epidemiological processes in 

seabird communities and implement efficient surveillance and management measures. 

Detection, Identification and Surveillance of Zoonotic Pathogens in Beringian Seabirds 

Maile Branson¹, Douglas Causey¹, Veronica Padula², Eric Bortz¹ 

¹University of Alaska Anchorage, ²University of Alaska Fairbanks 

Recent advances in molecular virology have led to the identification of many different avian viruses in 

diverse species of birds, marine mammals, and bat species--and even apparently healthy animals are 

now known to carry pathogens that are virulent in humans ("zoonotic disease"). The potential for wide-

spread dispersal of influenza other pathogenic viruses by birds is high due to their unusual immune 

system that allows persistent infection and shedding of viral pathogens for months, their ability to fly 

and migrate, their gregarious social structure (which contributes to the amplification of viruses in 

breeding colonies), and the close association of arctic human communities with hosts through locality 

and subsistence. We discuss our use of single sample pan-viral assays for the detection of RNA viruses of 

wildlife and human concern: Orthomyxoviruses (Influenza A), Coronaviruses, Orthoreoviruses, and 

Paramyxoviruses. Emerging viruses including avian influenza viruses (AIV) can cross species barriers to 

spread into new ecological niches, hosts, and infection locality foci. A systematic data analysis of viral 

genotypes, virus infections in animal models, and host factors governing species specificity, replication 

potential, transmission and pathogenicity may contribute to understanding zoonotic and 

epidemiological patterns of infection. We are focusing study on the community-wide assembly of likely 

zoonotic pathogens in breeding seabirds at selected localities in the Bering Sea region, and the changes 

through time associated with breeding cycles. We discuss how some of the extreme patterns of 

virulence and persistence may be associated with increased occurrence of harmful algal blooms (HABs) 

and significantly high titres of associated biotoxins such as saxitocins and domoic acids. 

Sentinels: The potential for seabirds to monitor marine change in the Hauraki Gulf, New Zealand 

Edin Whitehead¹, Chris Gaskin², Brendon Dunphy¹ 

¹University of Auckland, ²Northern New Zealand Seabird Trust 

As a hotspot of seabird diversity, the Hauraki Gulf in Northern Aotearoa New Zealand is spoilt for choice 

when looking at seabirds as indicators of change in the marine environment. However, little research 

has been done on some of the most ubiquitous species that forage within the Gulf and have the greatest 

potential for tracking change in the nearshore marine environment. This research addresses this lack of 
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data by linking environmental variables and energetic inputs with the physiology, movement, and 

breeding success of common Procellariiform species within the region. Part of the initial phase of this 

project has involved following the northernmost population of Fairy prions (Pachyptila turtur) on the 

Poor Knights Islands throughout the year, including the first insight into their migration movements, the 

nature of their foraging during the breeding season and physiological adjustments to ensure breeding 

success. By repeating this study over three years and investigating the interplay of environmental 

conditions and physiology, we plan to unravel the relationships between the breeding success of these 

birds and fluctuations in the marine environment. Results from the first two seasons will be presented. 

Mechanisms of Increased Breeding Success with Pair Experience in Cassin's Auklet 

Amy Miles¹, Chris Tyson¹, Joshua Hull¹, Thomas Hahn¹, Pete Warzybok² 

¹University of California Davis, ²Point Blue Conservation Science 

As most first-time human parents realize, there is significant learning involved in successfully rearing 

offspring. The experience of each individual parent and their experience as a pair can be important 

predictors of success. This study seeks to investigate the mechanisms that affect reproductive success by 

combining physiological measurements with behavioral data and reproductive histories to disentangle 

the interactions between these effects and address the role physiology plays in mediating the 

relationship between experience and success. We measured levels of two hormones that we propose 

are important mediators of this relationship: prolactin, which modulates parental behavior, and 

corticosterone, a stress hormone in birds. These hormones were measured in known age Cassin's 

auklets Ptychoramphus aleuticus with known reproductive histories and paired with nest attendance 

data to understand the proximate drivers of the mate familiarity effect. 

MetaBARFcoding: DNA-barcoding of barf yields insights into seabird foraging ecology 

Ilana Nimz¹, Mark Renshaw¹, John Baczenas¹, Matthew Iacchei¹, K. David Hyrenbach¹, Cynthia Vanderlip² 

¹Hawaii Pacific University, ²State of Hawaii, Department of Land and Natural Resources 

Morphological identification of digested prey remains from a generalist forager can be a challenge, 

especially to species level. DNA techniques, whereby prey is sequenced and matched to large public 

nucleotide sequence databases, are increasingly being used to augment traditional morphological 

identification. To identify highly-digested prey items from Christmas (Chocolate) shearwater (Puffinus 

nativitatis) regurgitations from Kure Atoll, Hawaii, we used two DNA approaches that target the 

cytochrome c oxidase subunit I (COI) mitochondrial gene. First, we individually sequenced prey items 

from five regurgitations retrieved from birds tagged with time depth recorders in 2017, pairing dive 

behavior with diet. Second, we used "metabarfcoding" to bulk-process 92 water samples from 

regurgitations collected from 2009-2017 to get an overview of species presence in their contemporary 

diet. The prey items identified from tagged birds spanned a diverse range of taxa, including three reef-

associated families, four pelagic-oceanic families, and a meso-pelagic family. The integration of diet and 

diving data provided insights into the vertical distribution of the prey, particularly regarding mesopelagic 

and nocturnal species. The metabarfcoding technique identified 94 unique taxa from 31 families of fish 

and squid. Overall, 81% percent of the families detected in the contemporary diet were previously 

documented in historical Chocolate shearwater diets from the Northwestern Hawaiian Islands dating 

back to the 1970s (Harrison et al. 1983). Rare species (occurring in 5% or less of the samples) constituted 

70% of the species richness. Our results indicate that the COI region is successful in identifying a wide 

range of taxa from highly digested seabird regurgitations. Furthermore, the diet analysis highlights the 
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prey diversity that supports critical seabird populations within the protected Papahanaumokuakea 

Marine National Monument. 

 

Monitoring III, Demography & Surveys II 
Twenty years of mark and recapture data from Wedge-Tailed Shearwater (Ardenna pacifica, 'ua'u 

kani) colonies in Maui Nui 

Cecelia Frisinger¹, Jennifer Learned¹, Martin Frye¹, Jay Penniman¹ 

¹Maui Nui Seabird Recovery Project 

'Ua'u kani (Wedge-tailed Shearwater, Ardenna pacifica) colonies in Hawai'i persist despite pressures 

from predation, sea level rise, and anthropogenic development. In an effort to understand the 

demographic processes of this species, a mark and recapture study began in Maui Nui in 1999. Chick 

banding occurs every fall at five sites (Hawea, Mo'omomi, Kāma'ole III, Ho'okipa, and Molokini islet) and 

adult recapture occurs every spring at four sites (Hawea, Mo'omomi, Kāma'ole III, and Ho'okipa). The 

colonies at Hawea and Mo'omomi - which benefit from both predator control and habitat restoration - 

are growing in size while the colonies at Kāma'ole III and Ho'okipa remain static. Interestingly, however, 

adult survivorship among the four colonies is equivalent. Although most 'ua'u kani return to their natal 

colony, the data indicate that emigration does occur, primarily from the islet of Molokini. As such, the 

offshore islets are likely acting as source populations and therefore maintaining the adult population of 

the islands. Provided these findings, we hypothesize that the variation in growth rates at colonies is 

instead influenced by a differential in reproductive success. After monitoring a scattered selection of 

active burrows at Hawea, Mo'omomi, Kāma'ole III, and Ho'okipa, we determined that the growing 

colonies have a higher reproductive success (Hawea=80%, Mo'omomi=64%, Kāma'ole III=54%, and 

Ho'okipa=30%). Ultimately, all of our findings emphasize the importance of both habitat restoration and 

predator control. Protective management can have rapid and positive effects on the individual colony 

and long-term impacts on the stability of the larger population. These efforts are critical as 'ua'u kani 

and other native species adapt to their rapidly changing environment. 

Estimates of Hawaiian Petrel (Pterodroma sandwichensis) and Newell?s Shearwater (Puffinus newelli) 

abundance based on at-sea surveys, 1998-2017 

Trevor Joyce¹, Robert Pitman², Lisa Ballance² 

¹Southwest Fisheries Science Center, NOAA Fisheries, ²Hatfield Marine Science Center, Oregon State 

University 

Colony-based estimates of Newell's Shearwater (Puffinus newelli) and Hawaiian Petrel (Pterodroma 

sandwichensis) abundance have to-date been hindered by nocturnal colony attendance patterns, cryptic 

nesting strategies, and inaccessible breeding habitats, forcing a reliance on at-sea estimates dating to 

sampling conducted between 1980 and 1994. Here we present updated model-based estimates of 

abundance for these two endangered Hawaiian seabirds based on at-sea surveys in the Central and 

Eastern Pacific. Strip transect survey data was collected during 13 field seasons spanning the period 

1998 to 2017 and overlapping a significant proportion of the marine range of each species. Species 

density models were developed using a zero-inflated negative binomial (ZINB) generalized additive 

model (GAM), which allowed the simultaneous overdispersion of counts and extra zeros in the strip 

transect sampling process. Summing predicted counts yielded an estimate of 65,856 P. sandwichensis, 
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with a bootstrap 95th percentile range of 49,884 to 93,898. A ZINB GAM for P. newelli yielded an 

estimate of 28,908 with a bootstrap 95th percentile range of 17,160 to 41,471. The sampling presented 

in this analysis covered a greater proportion of the at sea distributions of P. newelli and P. 

sandwichensis than the previous at-sea abundance estimates (1980-1994) although neither sampling 

effort encompassed the entire at-sea range of either species. As a consequence, the current estimates 

can best be interpreted as minima of global population size. These differences also make it challenging 

to infer temporal trends, however it is notable that despite a smaller sampling footprint and the 

omission of some key P. newelli habitats around Kauai, the previous estimates (1980-1994) were 2.9x 

greater than current estimates (1998-2017). This pattern is consistent with a major decline in P. newelli 

populations, which is also supported by multiple other lines of evidence including ornithological radar 

and recoveries of light attracted fledglings. 

Using thermal imaging drones to survey cryptic burrow-nesting seabirds 

Lindsay Young¹, James Harmon², Dena Spatz¹, Erika Dittmar¹, David Johnston³, Matthew McKown⁴, Eric 

VanderfWerf¹ 

¹Pacific Rim Conservation, ²Hawaii Division of Forestry and Wildlife, ³Duke University Marine Laboratory, 

⁴Conservation Metrics 

Burrow-nesting petrels and shearwaters include some of the seabird species most vulnerable to 

extinction and species with some of the largest knowledge gaps. Much of this is due to their cryptic, 

nocturnal habits and their tendency to nest in underground burrows that are often in inaccessible 

locations. Locating nests, or in some cases even entire colonies, can be difficult. The use of unoccupied 

aerial vehicles (drones) in conservation biology has accelerated in recent years, but few studies have 

examined the potential to combine traditional visible spectrum photography with infrared thermal 

imaging to survey wildlife. We tested the use of thermal imaging cameras mounted alongside traditional 

RGB cameras to detect the heat signatures of cryptic burrow-nesting seabirds. We conducted six test 

flights of a quad copter drone with a dual sensor RGB/infrared camera over survey plots in a Wedge-

tailed Shearwater colony prior to sunrise at Kaena Point, Oahu, Hawaii. Within one hour of the flights, 

we then manually counted the burrows in each plot and confirmed their contents to verify the drone 

results. Initial results indicate the thermal images taken by the drone were able to detect the presence 

of birds in burrows by the signature of heat venting from the burrow entrance. Burrows were detectable 

at an altitude of up to 10m in this colony, despite a small difference between the ambient temperature 

and the birds . This technique can be expected to perform better in cooler climates with larger thermal 

gradients. Enhanced monitoring tools are needed to provide more information about seabirds and guide 

conservation efforts, and the results from this study can be broadly applied to other cryptic birds, 

mammals, and habitats. 

 

Fisheries Interaction II 
Mitigation of seabird bycatch in New Zealand trawl fisheries 

Barry Baker¹, Keith Reid², Richard Wells³ 

¹Latitude 42 Environmental Consultants, ²Ross Analytics, ³DeepWater Group Ltd 

Proven solutions to minimise seabird bycatch exist for longline and trawl gears, but information on 

successful implementation of mitigation is generally lacking. While there are numerous examples of 
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experimental work to verify the efficacy of mitigation measures these are mostly short-term studies that 

are undertaken on a few vessels and do not span entire fishing seasons, even less several years. Long-

term case studies are important because fishing is dynamic, with changes in effort, gear and practices 

driven by market forces exposing mitigation measures to thorough testing under a range of conditions 

rarely tested in short-term experimental work. Under current knowledge and operations bycatch is 

inevitable and understanding the causes of these factors, and finding suitable approaches to manage 

them, will require good data collection and ongoing collaboration among fishers, fishery managers, 

seabird biologists and gear technologists. We evaluate a suite of approaches introduced to mitigate 

seabird bycatch in deepwater large vessel trawl fleets that have operated in New Zealand waters for 35 

years. Our analysis is confined to the period 2003 to 2018. The fisheries are noted for higher than 

average rates of seabird interactions and display many of the operational characteristics and 

complexities typical of large-scale commercial trawling. These include a multi-national fleet; a range of 

vessel sizes and types; changes in spatial and temporal fishing effort resulting from fleet rationalisation, 

policy changes and market conditions; improved technology and efficiency in the catch of fish; and 

changes in economics in fishing for some species. We sought to determine if and how seabird 

conservation objectives can be achieved in a diverse trawl fishery with measures demonstrated to be 

effective through research, and to identify alternative management options that might further improve 

seabird conservation in both New Zealand and global trawl fisheries. 

Using scat DNA to inform sustainable fisheries management and Ecological Risk Assessments: a Shy 

Albatross case study 

Julie McInnes¹, Geoff Tuck², Rachael Alderman³ 

¹University of Tasmania, ²CSIRO, ³Department of Primary Industries, Parks, Water and Environment 

Seabirds are attracted to fishing vessels through the availability of fishery discards, increasing the risk of 

injury or mortality from interactions with fishing gear. However, it is difficult to estimate what 

proportion of the population may be at risk. We use DNA metabarcoding of scats to characterise the 

intra- and inter-annual variability in the diet of shy albatross at Albatross Island, and combine this 

dietary data with foraging range estimates to examine spatial overlaps and species overlaps between 

albatross and fisheries in the region. Shy albatross diet consisted predominantly of fish (93% of samples) 

and cephalopods (38% of samples), with 84 fish and 11 cephalopod species detected. The majority of 

food was sourced naturally, however, at least 13% of the population overall is sourcing food from 

fisheries, with up to 29% during some breeding stages. There were spatial overlaps between shy 

albatross and six Commonwealth managed fisheries operating in South-East Australia and two 

Tasmanian managed fisheries. There was considerable intra-annual variation in the level of engagement 

with the Commonwealth fishery, but little inter-annual variability. Blue Grenadier, Ling and Warehou sp. 

were the main Commonwealth managed fishery discard species consumed. This study highlights that 

fisheries still pose a risk for shy albatross in Australian waters. As the majority of albatross food is 

sourced naturally, it shows that albatross are unlikely to be reliant on discards, therefore a reduction in 

discard availability would benefit shy albatross populations and improve the sustainability of fisheries in 

the region. DNA dietary analysis in conjunction with spatial foraging data provides a valuable tool to 

assess the proportion of a population at risk from fishing operations. 

Driving seabird bycatch mitigation uptake through education and behaviour; a New Zealand case 

study 
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Trude Hellesland¹, Igor Debski¹ 

¹Department of Conservation 

How can we drive uptake of seabird bycatch mitigation in commercial fisheries and what other avenues 

can we use to assist this? These are questions that are currently being explored globally, for example by 

the Agreement on the Conservation of Albatross and Petrels. It is recognised that novel approaches to 

encourage uptake of best practice mitigation need to be explored in order to drive behaviour change 

and assist fishers to work though implementation challenges. While regulatory mechanisms have been 

shown to reduce bycatch in some fisheries, bycatch in commercial fisheries still pose a serious risk to 

seabird populations. Over the last 15 years, New Zealand has been developing approaches to education 

and behaviour change in deepwater fisheries, and more recently in inshore fisheries, through the 

Protected Species Liaison Program (PSLP). This work is supported by a multi-agency collaboration, 

whereby liaison officers share information across fisheries and help fishers to implement mitigation 

practices tailored to their vessel operations. The work within these programs provides a vital link 

between research and advice on best practice mitigation, and implementation through communication 

and positive drivers in behaviour change. A framework is being developed to use the PSLP to implement 

key components of New Zealand's National Plan of Action for seabird bycatch through risk management 

plans, with audit by Fisheries Observers. The fisheries included in the program are pelagic longline, 

demersal longline, set net and trawl in different areas throughout the country. Through these outreach 

programs of work, improvements in vessel practices have been identified, however, monitoring capacity 

to date has been a limiting factor to track success and quantify the outcomes in terms of bycatch 

reduction. 

 

Climate & MPA I 
Successful establishment and growth of new colonies of endangered Bermuda petrel Pterodroma 

cahow through translocation of near-fledged nestlings, to address climate change and sea-level rise 

Jeremy Madeiros¹ 

¹Ministry of the Environment BERMUDA 

The Cahow, or Bermuda petrel Pterodroma cahow is among the rarest seabirds on Earth, and the 

subject of one of the longest sustained recovery programs for any seabird. This program has addressed 

most threats affecting the species on the four original small nesting islets, on which the entire breeding 

population had been confined for over 300 years. These low-lying islets, totaling only 3.4 acres (1.37 ha) 

in area, are being impacted by rising sea levels and a higher incidence of strong hurricanes affecting 

Bermuda in recent years. A primary objective of the recovery program is establishing new nesting 

colonies on larger, more elevated islands less at risk from flooding and erosion. This has been achieved 

through two separate projects using translocation of near-fledged chicks from the original islets, to two 

sites on the much larger, 16.5-acre (6.67 ha) Nonsuch Island Nature Reserve. Nonsuch is the site of an 

ecological restoration project and is managed to exclude introduced predators. The first translocation 

project moved 105 nestling Cahows to artificial burrows on Nonsuch over five years, 2004-2008. Of 

these, 102 fledged, a 98 % success rate. Translocated birds first returned in 2008, with successful nesting 

taking place the following year. 50 of the translocated birds returned as adults over a seven-year period, 

a 49.02 % return rate. Over the ten-year period since returning Cahows first nested, this colony grew to 

24 breeding pairs, producing a total of 79 fledging chicks by 2019. The first of these Nonsuch-hatched 
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chicks returned as adults in 2014, increasing to 11 by 2019. Five of these had produced their first chicks 

by 2018, satisfying criteria for new colony establishment. A second translocation project moved 70 

nestlings to Nonsuch 2013-2017. As of 2019, seven of these translocated chicks have returned, with four 

new breeding pairs producing two chicks that year. Return rates are similar to that experienced during 

the first translocation. These actions have helped the Cahow to increase from 18 breeding pairs in 1960 

to 131 breeding pairs in 2019; their establishment on Nonsuch should help mitigate the worst effects of 

climate change and provide room for the population to recover. 

Environmental variability drives shifts in the foraging patterns of a long-lived pelagic seabird: a 

multicolony approach 

Jorge Pereira¹, Jaime Ramos¹, Jacob González-Solís¹, Paulo Catry², José Granadeiro³, Filipe Ceia¹, Stephen 

Votier⁴, Vítor Paiva¹ 

¹Department of Life Sciences, University of Coimbra, ²ISPA ? Instituto Universitário, University of Lisbon, 

³Department of animal biology, University of Lisbon, ⁴University of Exeter 

Environmental predictability is expected to strongly influence the behaviour of foraging animals. In 

marine systems, resource availability is expected to vary along a gradient from more predictable shelf 

waters to less predictable pelagic waters, with implications for the foraging behavior of dependent 

consumers. Here we use multi-colony and multi-annual tracking of centrally placed Cory's shearwaters 

(Calonectris borealis) breeding along a gradient from oceanic areas (Corvo and Porto Santo) to coastal 

upwelling systems (Selvagem grande, Canary and Berlenga) to assess their foraging behavior across this 

natural gradient. We tested whether populations breeding in stable environments (close to upwelling 

ecosystems) were more consistent in their foraging behaviour than populations breeding in 

unpredictable environments (open ocean) along the years. We also addressed whether different 

populations change their main foraging grounds in response to environmental variability across four 

different oceanographic features (upwelling areas, insular shelf, seamounts and deep-sea) and how such 

decisions may affect shearwaters' foraging behaviour. We found that Cory's shearwaters breeding close 

to upwelling systems showed higher foraging consistency while those breeding on more oceanic islands 

tended to shift their foraging locations between oceanographic structures (insular shelf, seamounts and 

deep-sea areas) across the years. The combination of a long-term dataset of several Cory's shearwaters 

populations should help us understand not only the distribution of species, but also variability in 

occupancy. 

Resistance and resilience of vegetation and seabird community in a tropical atoll impacted by a strong 

cyclone 

Licia Calabrese¹, Aurelie Duhec¹, Thomas Collier¹, Richard Jeanne¹ 

¹Island Conservation Society 

With the earth's increasing surface temperature, the augmentation of extreme climatic events such as 

tropical cyclones and storms has been predicted. However, studies on the impact of such events on 

island and remote atoll ecosystems are still lacking in literature. Farquhar Atoll (Seychelles) was hit by 

the strongest tropical cyclone ever recorded in the Western Indian Ocean Region (Cyclone Fantala) in 

April 2016. We assessed the impact of the Cyclone Fantala on the Farquhar ecosystem, focusing in 

particular on vegetation and seabirds. The data collection on vegetation was carried out immediately 

after and one year after the climatic event took place giving the opportunity of investigating both 

resistance and resilience of the different taxa included in this study. We assessed in total 25ha of 



184 
 

terrestrial habitat. Overall, we found that the destruction and regeneration (one year after the cyclone) 

of the indigenous tree/shrub species were respectively lower and higher than non-native tree/shrub 

species, making them more resistant and resilient. The number of breeding seabirds' and their habitat 

selection pre and post cyclone were also assessed and we found that the Red-footed Booby population 

doubled the year after the cyclone and since then had a highly positive trend. The individuals also 

swapped nesting sites from Casuarina trees (non-native) to native shrubs. The number of pairs of the 

other seabirds breeding on the island remained stable. We can conclude that atolls left in their natural 

state are more resistant and resilient than deeply modified ones. Such information is fundamental to 

inform atoll ecosystem management in Seychelles and elsewhere in order to minimise the impact of 

destructive climatic events on target species. 

Effects of Sea Level Rise on Nesting Populations of Colonial Birds in Barnegat Bay: 1976 to 2020 

Joanna Burger¹, Michael Gochfeld¹ 

¹Rutgers University 

Population levels, habitat use, and concentrations of heavy metal have been examined in Barnegat Bay 

since 1976. Colony sites were monitored several times/year during this period. The number of nesting 

pairs of Common Terns, Black Skimmers, Laughing Gulls, and Herring Gulls decreased significantly. 

Similarly, the number of nesting colonies of terns and skimmers decreased, although reproductive 

success did not decrease as rapidly as did the number of nesting pairs of terns and skimmers. Loss of 

nesting colonies resulted in decreases in the number of nesting pairs, as suitable habitat in the bay for 

terns and skimmers was limited. Great Black-backed Gulls have increased markedly, partly because they 

are expanding southward along the Atlantic coast, and they are significantly larger than the other 

species, allowing them to outcompete other smaller species of gulls. Laughing Gulls have also declined, 

but their declines were mainly due to control (e.g. shooting) of them at nearby Kenney airport. 

However, even when the shooting ceased, their numbers continued to decline, largely because of 

competition with Herring Gulls for nesting sites on the marshes. Similarly, Great Egrets have increased 

as nesting birds in Barnegat Bay, while Snowy Egrets and others egrets and night-herons have declined. 

The most notable change in Barnegat Bay is a loss of nesting islands, and degradation of some of the 

remaining habitat, due mainly to sea level rise. Sea level rise is greater in the northeastern Atlantic coast 

than in other parts of the world (due to both rising sea level and subsidence). Many islands have 

disappeared or become sub-optimal for nesting. Except for mercury, most metals have declined over 

this same time period, indicating they are not likely to contribute to the overall declines. Over the years 

this research has been funded by the US Environmental Protection Agency (Estuaries Program), NJ 

Department of Environmental Protection (Endangered and Nongame Species Project), Trust for Public 

Lands, Rutgers University, and the Tiko Fund. 

Recent vagrancy of the Brown Booby in the North Atlantic 

Jose Ramirez-Garofalo¹, Shannon Curley¹ 

¹College of Staten Island/City University of New York 

Recent climate change has led to the widespread re-distribution of species. As a result, some species 

have begun to occur in regions where they were previously considered rare vagrants. Brown Booby (Sula 

leucogaster) is a species of pantropically distributed seabird that have dramatically increased in 

occurrence along the North Atlantic coast of North America. In this study we document the increased 

occurrence of vagrant Brown Boobies along the North Atlantic coast of North America. We test the 
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relationship between vagrancy records of Brown Booby in response to recent changes in oceanic climate 

and shifts in the distribution of prey resources from 1990 - 2019. Data on vagrant birds was extracted 

from various published sources and the eBird citizen science database, journals of ornithological record, 

and regional compilations of bird records. Oceanic Climate data was obtained from National Oceanic 

and Atmospheric Administration?s World Ocean Dataset. We compiled data on prey resources from 

various governmental and private vessel surveys.  We found a significant increase in Brown Booby 

vagrancy in the Western North Atlantic. We further investigate the link between vagrant records to 

broad-scale climatic conditions and regional shifts in prey resources. We conclude that increases of 

vagrancy records of Brown Booby provide important information to show this species is shifting under 

the current climate regime. 

Selecting the Pan-Arctic Network of Marine Protected Areas: attempt to ensure seabird conservation 

is secured 

Maria Gavrilo¹, Grigory Tertitskiy², Boris Soloviev³, Nikita Platonov⁴, Irina Onufrenya³ 

¹Association Maritime Heritage, ²Institute for Geography RAS, ³WWF Russia, ⁴Institute of Problems of 

Ecology and Evolution RAS 

Marine ecosystems and their biodiversity is the subject of various conservation efforts worldwide. 

Identifying of the most valuable, important or sensitive areas in the Arctic Ocean has been performed by 

different international maritime and conservation organizations. They proposed selections of areas that 

requires protection, such as Particularly Sensitive Sea Areas by IMO, Ecologically and Biologically 

Significant Areas by CBD, Globally significant marine sites in the Arctic by UNESCO and UICN, Arctic 

Marine Areas of Heightened Ecological and Cultural Significance by PAME/Arctic Council. Seabirds are 

considered valuable and vulnerable ecosystem component and influence selection process one or 

another way, and always are listed as a valuable feature of the selected areas. Here we present results 

of the recent WWF project PAMAPN (Pan-Arctic Marine Protection Areas Network) as it concerns 

seabirds. The overall goal of the PAMPAN project is to identify areas that (if they are protected) ensure 

the conservation of Arctic biological diversity in the face of increasing anthropogenic impact. PAMPAN 

uses MARXAN tool for analyzing and selection of the areas (for details see Solovyev et al. 2017; 

Spiridonov et al. 2017). The avian component of the PAMPAN project includs the following steps: 1) 

Selection of the Arctic marine birds (species, subspecies, or populations and their seasonal habitats) 

which meet PAMPAN criteria of representativeness and distinctiveness, and which are appropriate for 

application of territorial conservation measures (the so-called Conservation Features, CF). Altogether 

some 90 avian CFs were identified. 2)Mapping of avian CF habitats in GIS 3)External review & following 

data revision 4)Setting conservation targets for avian CFs 5)Data analyzing using MARXAN tool / several 

runs (seabird scenario & overall) and selection of Priority Areas for Conservation (PACs) 6)Post-MARXAN 

analysis and adjustment Final Seabird Scenario for Pan-Arctic region will be presented. PACs network for 

seabird conservation includes 45 areas in the coastal waters and open seas. The overall PAMPAN PACs 

network is compared with avian PACs and discussed in terms of its sufficiency for Arctic marine birds 

protection 

A step toward saving the seabirds: Marine spatial planning informed through the application of the 

Key Biodiversity Area framework to seabird distribution data 

Jonathan Handley¹, Elizabeth Pearmain¹, Steffen Oppel², Ana Carneiro¹, Carolina Hazin¹, Richard Phillips³, 

Norman Ratcliffe³, Iain Staniland³, Thomas Clay⁴, Victoria Warwick-Evans³, Phil Trathan³, Maria Dias¹ 
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¹BirdLife International, ²Royal Society for the Protection of Birds, ³British Antarctic Survey, ⁴University of 

Liverpool 

Marine conservation requires regulation of potentially harmful practices so that they do not adversely 

impact species, communities and ecosystems. While many approaches to identify sites critical to the 

conservation of species are specific to individual taxa, an overarching framework - yet to be applied to 

seabirds - has recently been developed which allows for the identification of sites critical to the 

persistence of all biodiversity; the Key Biodiversity Areas (KBAs) framework. These objectively defined 

sites will allow us to identify locations where conservation action is most critical. Furthermore, they play 

a critical role toward meeting the 2020 Aichi Biodiversity Targets and the 2030 Agenda for the 

Sustainable Development, as the coverage of KBAs by protected areas is already an indicator of these 

global goals. Utilising tracking datasets spanning 1991-2015, and published estimates of colony locations 

and abundances, we present a multi-taxa approach to identify KBA sites for species suited to site-based 

conservation measures. We apply this approach to albatrosses, large petrels, penguins and seals which 

breed at South Georgia and the South Sandwich Islands, and Antarctica. We utilise methodologies 

applicable to numerous seabird species: the use of tracking data to identify critical at-sea sites, and a 

modified foraging radius approach incorporating a density decay function in boundary delineation from 

colonies. As the world looks to expand economic development opportunities in the marine 

environment, we showcase how the KBA framework can be used to inform conservation action for top 

marine predators, inform decision makers about management measures such as time-area closures, 

research and monitoring priorities, and help the delineation of Marine Protected or Marine Managed 

Areas. Our approach has broad applicability to the development of future projects investigating species 

distributions and for the retrospective analysis of animal tracking data. 

Are world marine IBAs/MPAs effectively covering important sites for migratory seabirds? A case study 

with European breeding species 

Antonio Vulcano¹, Daniel Mitchell², Maria Peixe Dias¹ 

¹BirdLife International, ²Stichting Birdlife Europe 

Many seabird species travel large distances throughout their annual cycles, occurring in multiple 

jurisdictions. Many of these species are also threatened or in decline, being exposed to marine threats 

such as bycatch in fishing gear, overfishing, light pollution and infrastructure development at sea. 

Therefore, their effective conservation depends often on the concerted conservation effort of several 

countries. In Europe, seabird species are protected under the Nature's directives, and several important 

foraging sites for breeding species have been identified (e.g., through the IBA network) and protected 

(as SPA or other MPA) over the last decade. However, Europe also hosts many highly migratory and 

mobile species, which spend a considerable amount of their time in non-European waters. Here we 

analysed the network of marine IBAs for 32 migratory species of seabirds breeding in Europe and 

quantified the extent to which these areas are under some form of protection. We found that 7% of the 

marine IBAs identified for migratory European seabird populations are outside Europe, even though 

some of these species perform long distance movements and spend a large percentage of their annual 

cycle in African and American waters, or in areas beyond national jurisdiction. Most of these sites are 

triggered by: Audouin's gull Larus audouinii, Scopoli's shearwater Calonectris diomedea, Cory's 

shearwater Calonectris borealis, Zino's petrel Pterodroma madeira and Desertas Petrel Pterodroma 

deserta. The extent to which marine IBAs for migratory European seabirds in waters outside Europe are 

covered by MPAs is considerably lower (less than 30%, on average), than within European Exclusive 
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Economic Zones (more than 75%). None of the sites identified for the two threatened Pterodroma 

species outside of Europe is currently under any level of protection. This study highlights the need to 

identify and protect a relevant network of marine sites that covers the different stages of the annual 

cycle of migratory seabirds, most of which are impacted by threats occurring at sea, and put more effort 

on identifying mIBAs also during their non-breeding period. Despite strong EU environmental legislation, 

the effective management of sites within European jurisdiction is still incomplete and is also insufficient 

to adequately safeguard migratory seabirds without corresponding protection within the EEZs of third 

countries and in the high seas where many of the threats are encountered. 

 

Pollution I 
Organic pollutants and physiological aging in long-lived seabirds 

Manrico Sebastiano¹, Frederic Angelier¹, Pierre Blévin², Cécile Ribout¹, Kjetil Sagerup², Dorte Herzke³, Jan 

Bustnes⁴, Geir Gabrielsen⁵, Olivier Chastel¹ 

¹Centre d'Etudes Biologiques de Chizé (CEBC), UMR 7372 CNRS-Univ. la Rochelle, France, ²Akvaplan-niva 

AS, Fram Centre, P.O. Box 6606 Langnes, ³Norwegian Institute for Air Research, NILU, Fram Centre, 

⁴Norwegian Institute for Nature Research, NINA, Fram Ce 

Telomeres are repeated nucleotide sequences that form non-coding DNA complexes at the ends of 

chromosomes, to ensure genome stability and avoid end-to-end fusion of chromosomes. Because 

telomere length is associated with health status, they are considered as fundamental biomarkers of 

individual quality. Environmental factors that can influence telomere length are diverse, but the 

association between telomeres and exposure to environmental contaminants is far to be elucidated. 

Studies on telomere length and environmental contaminants are mostly correlative and often 

investigated the effects of legacy persistent organic pollutants POPs, while the effects of poly- and per-

fluoroalkyl substances (PFAS) have been poorly documented. Despite organic contaminants may 

negatively affect the physiological status of exposed individuals, our recent study on seabirds showed a 

positive association between PFAS exposure and telomeres, suggesting that the effect of PFAS may be 

different than that of other organic pollutants. We thus further investigated the effect of PFAS on 

telomere dynamics (change in telomere length over time) in an arctic top predator, the glaucous gull 

Larus hyperboreus from Svalbard, using a capture/recapture dataset of several years. We found that 

PFTeA (a 14 carbon-chain-length PFAS) was positively associated with telomere dynamics, with birds 

bearing the highest concentration of PFTeA showing the slowest rate of telomere shortening. Our work 

is the first to report an association between a single PFAS and telomere dynamics, suggesting that the 

effect of PFAS exposure on telomeres might be more tied to the type of compound than the total 

concentration of PFAS. We will further present the first results on the association between telomere 

dynamics and PFAS in chicks of four gull species from France, discussing the implications of PFAS 

exposure in seabirds. 

Decreasing concentrations of persistent organic pollutant in embryos of the Wilson's storm-petrel 

Nadja Kuepper¹, Leonard Böhm¹, Paco Bustamante², Marcela Libertelli³, Petra Quillfeldt¹ 

¹Justus Liebig University of Giessen, ²Université de La Rochelle, ³Instituto Antártico Argentino 

In our industrialized world huge amounts of pollutants that are persistent to environmental degradation 

are released into air and water each year. Many, known to cause severe harm to health and 
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environment, have been banned from the markets in several countries for decades by now. However, 

due to their stability they will continue to exist for decades to come. In our study we investigated the 

concentration of polychlorinated biphenyls (PCBs) and dichlorodiphenyltrichloroethane (DDT) and its 

metabolites (DDX) in embryos from failed eggs of the smallest seabird breeding in Antarctica, the 

Wilson's storm-petrel (Oceanites oceanicus). By atmospheric transport, organic pollutants reach the 

remotest areas of the world such as Antarctica. When deposited in polar areas, low temperatures and 

limited solar radiation lead to long environmental residence times, and they bioaccumulate in biota. To 

investigate if exposure to pollutants in their food changed over time we compared samples collected at 

King George Island from the early 2000s to recent years. We detected eight PCBs and two DDX in the 

embryos. Additionally we found seven more PCBs that could be qualified, but had concentrations below 

quantification limits. We found a high increase in concentrations in embryos during their last third of 

development. In general we found higher concentrations in samples from the early 2000s compared to 

more recent years. This decrease over time is reported also for other pelagic species, and could show a 

positive effect of the ban of these substances in many countries. 

Protecting seabirds by targeted and focused species-specific oil spill response strategies 

Geir Skeie¹, Geir Helge Rødlie Systad² 

¹Akvaplan-niva, ²Norwegian Institute for Nature Research 

In complex oil spill response operations, focusing tactics and strategies are essential in order to optimise 

mitigation and reduce impacts on seabirds and other vulnerable biological resources. Along the more 

than 100 000 km of Norwegian shoreline, distribution of different species varies significantly over the 

year, and the coastal environment varies diversely in terms of water depth, extent of intertidal areas, 

and degree of wave exposure. In order to address these challenges, a set of priorities and strategies 

have been developed towards presence of ecological groups of seabirds and shorebirds, linked to the 

barrier philosophy of Norwegian oil spill response. The priorities depend on a combination of temporal 

seabird habitat use and spill drift patterns linked to the oceanographic and seascape characteristics and 

needs to be linked to spill response tactics taking into account operational factors including water depth, 

wave exposure and access to the shoreline. This approach allows for a systematic decision support, to 

be applied under the spill response planning as well as operations identifying which response units and 

tactics to be deployed where, depending on time of the year, presence of species and operational 

conditions of the coastal environment. 

Persistent organic pollutants and heavy metal concentrations in Northen Gannet (Morus bossanus) 

eggs in two island colonies in Ireland 

Andrew Power¹, Philip White¹, Brendan McHugh², Sinead Murphy¹, Simon Berrow¹, Moira 

Schlingermann¹, Stephen Newton³, Linda O'Hea², Brian Boyle², Marissa Tannian², Denis Crowley², Evin 

McGovern², Ian O'Connor¹ 

¹Galway Mayo Institute of Technology, ²Marine Institute, ³BirdWatch Ireland 

The Northern Gannet Morus bossanus is an avian sentinel; the largest breeding seabird in Ireland and an 

obligate piscivore. Gannet eggs were collected from two island colonies off the east coast of Ireland, 

approximately 150km from each other, in locations with divergent history of industrialization (n = 10-

20). Levels of potentially harmful contaminants including Polychlorinated biphenyls (PCBs), 

Polybrominated diphenyl ethers (PBDEs), Organochlorine pesticides (OCs), heavy metals and mercury 

were measured and differences of contaminant concentrations between different colonies compared. 
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This is the first such study of contaminant levels in Gannet, or in any seabird egg in Ireland. Stable 

isotopes of carbon (d13C) and nitrogen (d15N) were measured in each egg to understand the influence 

of diet in contaminant levels detected. Significantly higher levels of PCBs, PBDEs and mercury were 

detected near Dublin (Ireland's industrialized capital city and location of its largest port) compared to 

Wexford. No differences were observed in levels of OCs and heavy metals between the two colonies. 

Stable isotope analysis demonstrated that Gannets in both locations occupy the same dietary niche 

excluding a difference in diet as the driver of differing contaminant levels in the two feeding areas. 

Though Gannets travel significant distances when foraging for food (~200km) tracking studies have 

shown that Gannets colonies maintain exclusive feeding areas with little overlap between neighbouring 

colonies. Differences between colonies within the feeding range of Gannets can therefore be detected 

despite Gannet's high dispersal ability. These results are in concurrence with elevated levels of 

contaminants in lower trophic level organisms that have been found in Dublin Bay compared to the rest 

of Ireland, indicating potential for Gannets as a higher trophic level indicator - though variability in their 

diet, including feeding on fishing discard, may lead to unacceptable levels of variability for an indicator 

species. 

Plastic ingestion in seabirds of the western Indian Ocean 

Audrey Cartraud¹, Matthieu Le Corre¹, Jean Turquet¹, Julie Tourmetz¹ 

¹Université de La Réunion 

Ingestion of plastic by marine fauna has been reported all around the world and affects a large number 

of seabirds including albatrosses, petrels, shearwaters, seagulls and boobies. Most of the studies on 

plastic ingestion by seabirds realized so far have been focusing in the Pacific and Atlantic Oceans but no 

information has been published on this issue in the western Indian Ocean. In this study we investigated 

plastic ingestion in nine seabird species breeding or foraging at Reunion Island and at Juan de Nova 

(Mozambique Channel), among which two species are endemic and endangered (the Barau's Petrel, 

Pterodroma baraui) or critically endangered (the Mascarene petrel, Pseudobulweria aterrima). We 

analyzed the stomach contents of 222 individuals and showed the most affected species are tropical 

shearwaters (79%) and Barau's petrels (59%). The average number of plastic particles per contaminated 

bird was higher in Barau's petrels (6.10 ± 1.29) than in tropical shearwaters (3.84 ± 0.59) and all other 

studied species also showed plastic presence in their stomach contents to a lesser extent. We analyzed 

differences in plastic ingestion between juveniles and adults for three different species: Barau's petrels, 

tropical shearwaters and white-tailed tropicbirds. We showed significantly more plastic particles in 

juveniles of Barau's petrels than in adults and a significantly higher mass of plastic particles both in 

juveniles Barau's petrels and tropical shearwaters than in adults of these two species. These results 

demonstrate that the foraging areas of seabirds of the western Indian Ocean have a high level of plastic 

pollution. In Reunion Island, hundreds of tropical shearwaters and Barau's petrels are attracted by urban 

lights and die each year so we suggest to take advantage of this situation by using these species as long-

term indicators of plastic marine pollution in the region. Keywords: plastic ingestion, seabird, marine 

pollution, Indian Ocean, Pterodroma baraui, Puffinus bailloni. 

Sex, age class, and foraging strategy of the Southern Giant Petrel might influence the hazard of plastic 

ingestion on the Patagonian shelf 

Gabriela Blanco¹, Mariano Tonini², Gallo Luciana¹, Flavio Quintana¹ 

¹Instituto de Biologia de Organismos Marinos - CONICET, ²Instituto Andino Patagonico de Tecnologias 

Biologicas y Geoambientales - CONICET 
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Plastic circulates at sea threatening marine megafauna. Southern Giant Petrels (SGP, Macronectes 

giganteus) are known to consume plastic, but the source and accumulation areas of marine litter remain 

unknown. The goal of this study is to understand how foraging behavior of SGP will impact their risk of 

plastic ingestion by mimicking the circulation of floating debris. We tracked 34 adult and juvenile birds 

using either PTTs or GPS, from Arce (45°00'S; 65°29'W) and Gran Robredo Islands (45°80'S; 66°03'W). To 

mimic plastic circulation at sea we employed the output of 15 years of daily-forcing simulations using 

ROMS-Agrif. We designed lagrangian simulations of particles (individual based model) using off-line 

particle-tracking model. Simulations incorporate physical characteristics of plastic that reaches the area 

from coastal cities and ships. Dual foraging strategy was recorded for all breeding birds. During short 

trips (N=108, recorded with GPS), both sexes foraged at 38.5 ± 12.9 km from the colony. During long 

trips (N= 60), males mainly foraged along the coast at 382 ± 65 km from the colony, while females 

moved to the shelf break and the middle shelf (459 ± 58 km). Throughout austral fall and winter, adults 

remained on the Patagonian shelf, but juveniles moved north using the shelf break as a corridor. The 

drift model showed how simulated particles generated a plastic corridor along the Patagonian shelf until 

reaching the Malvinas-Brazil confluence, concurring with juveniles' migration path. Accumulation hot 

spots occurred in the mid shelf and along the shelf break with a strong seasonal variation, overlapping 

with breeding females. Litter coming from cities and fisheries accumulated near the colony, 

corresponding with adult foraging areas during short trips, which may explain the 50 to 73% of plastic 

items found in chicks' diet. Our results showed that marine litter dispersed by ocean circulation, will 

threat SGP, depending on sex, age class, and breeding stage. Understanding where marine organisms 

come into contact with plastic, could help elucidate negative effects at population-levels to design 

management strategies that mitigate this environmental issue. 

The shearwater and the bottlecap: understanding the broader impacts of plastic ingestion on seabirds 

Alexander Bond¹, Jennifer Lavers², Ian Hutton³ 

¹Natural History Museum, ²University of Tasmania, ³Lord Howe Island Museum 

While the problem of plastic pollution in the oceans has received wide media and public attention in the 

last decade, the scientific basis for our knowledge of its effects and consequences is still limited, despite 

meeting the irreversibility and global ubiquity criteria of being a planetary boundary threat. Since 2005, 

the Adrift Lab has studied the impact of plastics pollution on shearwaters (Ardenna spp) in Australia with 

an aim to understand the nature, extent, and consequences of plastics for the birds and their island 

ecosystems. We have employed a variety of tools, including contaminant analysis, nutritional 

biochemistry, histology, and blood chemistry combined with annual surveys of the frequency and 

intensity of plastic pollution, focusing on Flesh-footed Shearwaters (Ardenna carneipes) on Lord Howe 

Island. Here, we review the progress in knowledge around how plastics may be affecting individuals, 

populations, and communities. Birds with more plastics tend to have slower growth rates, higher 

contaminant burdens, altered physiology, and show tissue damage to the gastrointestinal tract 

compared with less-affected individuals. Birds also transport considerable volumes of plastic to the 

island and deposit it through regurgitation, and decomposition of carcasses. As one of the longest-

running plastics monitoring research programmes in the world, we are able demonstrate the annual 

variability in plastic ingestion, and leverage this knowledge to begin to explore the broader effects of 

plastics on marine wildlife. 
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Predation & Restoration I 
Keeping up with the tubenoses: Vegetative succession and seabird activity during passive island 

recovery 

Christy Wails¹, Gaia Dell'Ariccia², Todd Landers², Chris Gaskin³, Dave Towns⁴, Holly Jones¹ 

¹Northern Illinois Univeristy, ²Auckland Council, ³Northern New Zealand Seabird Trust, ⁴Auckland 

University of Technology 

Islands are biodiversity hotspots but are highly sensitive to disturbances, including the introduction of 

predatory mammals. While there have been considerable advances to the technology used to remove 

invasive mammals, little is known about the changes island communities experience during recovery. 

New Zealand - the world's largest seabird biodiversity hotspot - has cleared mammalian predators from 

>100 islands over several decades, providing a unique opportunity to quantify island recovery. Here, we 

examine seabird and vegetative changes at Pokohinu (Burgess) Island, predator-free for almost 30 years, 

of the Mokohinau Islands. In 2009, we documented seabird distributions, plant diversity, and soil depth 

across the island and performed smaller surveys in 2014 and 2019. We found an overall 62.5% increase 

in seabird burrow densities with a strong spatial overlap of species distributions. Diversity of plant 

species also significantly increased, possibly due to the increased abundance of seed-dispersing birds 

and the simultaneous expansion of invasive plant species. In addition, we performed burrow and 

vegetation surveys at other Mokohinau Islands that lack same extent of past human disturbance as 

Pokohinu, which is a retired lighthouse and farm. Seabird densities between islands were comparable 

but plant communities lacked many of the invasive species found at Pokohinu. Overall, our results 

suggest that vegetative cover might not be limiting nesting habitat availability within the Mokohinaus, as 

seabirds are able to utilize areas dominated by dense vegetation. We emphasize the importance of 

understanding vegetative succession during recovery periods which may help explain recolonization 

rates for more specialist species. 

Mice to eat you: uncovering the diet of invasive house mice 

Wieteke Holthuijzen¹, Elizabeth Flint², Jonathan Plissner², Coral Wolf³, Holly Jones⁴ 

¹University of Tennessee, ²U.S. Fish and Wildlife Service, ³Island Conservation, ⁴Northern Illinois University 

Midway Atoll National Wildlife Refuge (MANWR) is the world's largest albatross colony and provides 

globally significant breeding grounds for over 20 avian species totaling more than 3 million birds in the 

North Pacific Ocean. Since 2015, invasive house mice (Mus musculus) have attacked and depredated 

hundreds of nesting adult albatross. Mouse eradication on MANWR is planned for the summer of 2020, 

but the broader ecosystem-level effects of this invasive species are largely unknown. Here, we 

investigate mouse diet in order to infer ecological impacts of mice and predict potential ecosystem 

response to mouse eradication. We combined eDNA metabarcoding/next-generation sequencing (NGS) 

and stable isotope analysis to construct house mouse diet composition. We collected (paired) fecal and 

hair samples from 318 mice across MANWR's Sand Island from April 2018 to May 2019. Mice were 

trapped approximately every 8 weeks among four distinct habitat types, so as to provide insight into 

temporal and spatial shifts. Preliminary results from NGS indicate that Laysan Albatross DNA occurs 

frequently in mouse diet, throughout the year and across habitats; mice also consume a diverse array of 

arthropods as well as plants, although the latter to a lesser degree. Stable isotope analysis reveals that 

mice have very high trophic positions, greater than that of Laysan Albatross (Phoebastria immutabilis) by 

more than 3%. Mouse trophic position does not vary seasonally, nor by habitat. Mice may preferentially 
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consume seabird sources (likely through scavenging or preying on scavengers) for most of their diet; in 

turn, mouse diet could have implications for eradication operations in regard to bait palatability and 

availability of alternate food sources. 

 

Climate & MPA II 
The effects of climate variability on seabirds breeding in the Tubbataha Reefs Natural Park, 

Philippines 

Maria Retchie Pagliawan-Alaba¹, Angelique Songco¹, Arnold van Vliet², Arne Jensen³, Rowell Alarcon¹, 

Gerlie Gedoria¹ 

¹Tubbataha Management Office, ²Wageningen University and Research Centre, ³Wild Bird Club of the 

Philippines 

The islets of the Tubbataha Reefs Natural Park serve as an important breeding ground for seabirds. This 

study aimed to determine how the variability in climate has influenced the population dynamics and 

phenology of six resident breeding seabird species in the park: Red-footed Booby, Brown Booby, Great 

Crested Tern, Sooty Tern, Brown Noddy and Black Noddy. Survey methods followed Bibby et al. (2002). 

The data suggests that the increase in sea surface temperature in the area did not negatively influence 

the inter-annual variability of the seabird population. However, during El Niño events the effects of sea 

surface temperature changes to Great Crested Tern, Sooty Tern, and Brown Noddy were significant. 

Chlorophyll a concentration, which was used as a proxy for prey availability, could not be linked to the 

presence of adult birds, but it reliably predicted the breeding phenology of Great Crested Tern and 

Sooty Tern in the area. The peak of sea surface temperature was strongly linked to the start of egg-

laying for the Great Crested Tern. The future changes in climate could possibly influence these 

environmental factors and consequently affect the phenology as well as the population of the seabird 

species in the area. The future occurrence of long and strong El Niño episodes might delay the breeding 

of these seabirds. The result of this and further studies will help park management better understand 

seabirds and come up with effective conservation strategies for the species. 

Healthy seabirds, healthy reefs? Enrichment patterns in coral ecosystems by guano-derived nutrients 

Martin THIBAULT¹, Fanny Houlbreque¹, Eric Vidal¹, Anne Lorrain² 

¹ENTROPIE (IRD), ²LEMAR (IRD) 

Coral reefs cover less than 0.2% of the Ocean surface but represent major biodiversity reservoirs. They 

contribute to the economic development of many countries through tourism and fishing activities and 

play an essential role in protecting coastal areas. However, 70-90% of coral reefs could disappear by the 

end of the century if the temperature increases by only 1.5°C. As recent studies suggested a potential 

cross relationship between the health of coral reefs and those of island seabirds, we explored seasonal 

variations in the across-taxa pattern of nutrient enrichment along the coasts of two remote islets 

hosting dense seabird colonies. Our two sites lie in the Entrecasteaux reefs, in the Coral Sea Natural Park 

which host seabird colonies of world significance. At each site, we sampled seawater nutrients, 

macroalgae and corals along a coast-sea transect and at a reference reef distant from 9km. We repeated 

this sampling twice in 2017 (in austral winter and summer) to identify potential seasonal variations. 

Nitrogen isotopic values (δ15N) of the different samples were measured as a proxy of guano-derived 

nutrient assimilation. A consistent spatial pattern of increasing NOx concentrations and δ15N values 
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near the islet (25m of the shore) compared to more distant stations (200m of the shore) was observed 

at both reef sites and sampling seasons. The δ15N enrichment ranged from 2.5 to 5? in the coral 

Pocillopora damicornis and from 4 to 7? in the macroalgae Halimeda sp. This study thus demonstrates 

that land-originated nitrogen reaches both primary producers and consumers in coastal reefs no matter 

the season. Results are discussed in light with the isotopic signature of seabirds' guano and the 

mechanisms underlying the transport of nutrients from guano to coastal reefs, providing an ecosystem 

view of the cross relationship between seabirds and reefs' health. 

Seabird conservation priorities: the case of coral reef islands 

Tristan Berr¹, Alexandre Millon², Poetea Guehenneuc³, Matthieu Le Corre⁴, Éric Vidal⁵ 

¹Institut de Recherche pour le Développement, Université de Nouvelle-Calédonie, ²Aix Marseille 

Université, Institut Méditerranéen de Biodiversité et d'Écologie, ³Université de Bordeaux, ⁴Université de 

la Réunion, ⁵Institut de Recherche pour le Développeme 

Low-level islands around the globe are predicted to face a "range of coastal hazards" driven by sea level 

change throughout the 21st century. These risks include the permanent submergence of land areas due 

to higher sea level, accelerated coastal erosion and the rise in frequency and intensity of flooding 

events, all of which threaten the future biodiversity and functioning of insular ecosystems. On tropical 

coral reef islands (CRI, low-level islands formed through reef construction and the accumulation of coral 

debris), sea level change will likely reduce breeding habitat availability for multiple seabird species, 

adding to the effects of long-known ecological disruptions (species invasions, reef decline, decrease in 

prey availability). However, the extent to which seabird populations in CRI might be affected by sea level 

change remains broadly uncharacterized due to limited understanding of the large-scale demography 

and behavioral adaptability of tropical seabird species, along with overall poor knowledge of the 

geomorphology dynamics of islands threatened by submersion and/or coastal erosion. Here, we present 

an overview of current information gaps in the assessment of global distribution and vulnerability of 

seabirds breeding on CRI. Using New Caledonia (South-West Pacific) as a baseline example, we then 

discuss a prospective research framework for (1) aggregating monitoring data on CRI seabird 

populations, (2) assessing natural and anthropogenic drivers of colony distribution and (3) identifying 

long-term conservation and restoration targets in a context of future sea level change. This talk aims to 

highlight the need for more comprehensive, multiscale and collaborative seabird monitoring on 

vulnerable, low-lying islands as a tool to prioritize key conservation sites in the inter-tropical region and 

shape relevant mitigation strategies. 

Transboundary priorities for protection of frigatebird non-breeding habitat in a heavily impacted 

region 

Rowan Mott¹, Ashley Herrod², Rohan Clarke¹ 

¹School of Biological Sciences, Monash University, ²Moonlit Sanctuary 

Species that inhabit spatially-distinct regions at different stages of their lifecycle pose challenges to 

conservation managers, particularly when distributions span international or jurisdictional boundaries. 

Despite the importance of non-breeding habitat to the persistence of individuals and species, there 

remains limited information on the habitat requirements of many species during the non-breeding 

period. We used global positioning system tracking devices to determine the non-breeding movements 

of Great Frigatebirds, Fregata minor, and Lesser Frigatebirds, F. ariel, across much of Southeast Asia. 

These data were analysed with MaxEnt modelling to identify important habitat features for non-
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breeding frigatebirds and inform priorities for addition to the marine protected area (MPA) network. 

Models with the greatest predictive performance were influenced strongly by bathymetry. Predicted 

habitat suitability was greatest in shallow waters. Similarly, warmer waters had greater predicted 

suitability during the wet season. The existing protected area network contains only a small proportion 

of habitat identified as suitable or optimum for non-breeding frigatebirds. This is of particular concern 

given that some parts of the region's marine environment are among the most heavily human-impacted 

in the world. Currently proposed additions to the MPA network will likely provide negligible benefits to 

non-breeding frigatebirds due to their small extent relative to suitable habitat and their limited or 

complete lack of overlap with areas predicted to represent optimum habitat. Our findings can be used 

to make targeted additions to the MPA network to efficiently increase the representation of suitable 

and optimum habitat for non-breeding frigatebirds in the MPA network. Such an approach will likely 

provide benefits to frigatebird populations tracked in the present study as well as those dispersing to 

the study region from other ocean basins. 

 

Pollution II, Predation & Restoration II 
The rapid removal of volatiles from oil contaminated wildlife using oil absorbing magnetic particle 

technology: The quick clean 

John Orbell¹, Stephen Bigger¹, Peter Dann², Lawrence Ngeh¹, Linda Diep¹, Angela Shewan¹ 

¹Victoria University, ²Phillip Island Nature Parks 

Wildlife, especially seabirds, continue to be highly vulnerable to oil contamination. Many such 

contamination events occur at remote locations and time delays in attending to victims can be critical to 

their survival. Such delays can also occur when there is a large number of affected animals in holding 

bays awaiting treatment. In this situation, anecdotal evidence from wildlife rehabilitators attest to the 

high level of fumes from the more volatile components of the contamination. This also represents a 

hazard to the rescuers themselves particularly when the holding bays are undercover. The development 

and implementation of highly portable quick clean equipment based on oil absorbing magnetic particle 

technology, so-called magnetic cleansing, is capable of addressing this problem since it preferentially 

removes the more volatile components in a matter of minutes, greatly reducing potential toxic effects. 

We have been studying the penetrative and evaporative properties of such volatile components for a 

wide range of crude oils when applied to pelt taken from dead penguins. Initial investigations show, that 

for some crude oils, the plumage effectively traps a proportion of the volatiles. The plumage substrate 

may also be seen to slow down the evaporation rate. Using our quick clean magnetic cleansing 

technology, we have been able to demonstrate the effective and preferential removal of such volatile 

components in a matter of minutes. In this regard, the use of penguin pelt as a model substrate has 

been demonstrated to be an effective representation of the bird's plumage and even allows the 

experiments to be conducted at elevated temperatures (above ambient) within the plumage and near 

the skin, up to the bird's body temperature of 40 degrees Celsius. 

Seabird colonies are a minor sink for plastics 

Megan Grant¹, Jennifer Lavers¹, Ian Hutton², Alexander Bond³ 

¹University of Tasmania, ²Lord Howe Island Museum, ³Natural History Museum 
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Seabirds are apex predators in the marine environment and well-known ecosystem engineers, capable 

of changing their habitats by introducing marine-derived nutrients via the deposition of their guano and 

other allochthonous inputs. However, with the health of the world's oceans under threat due to 

anthropogenic pressures such as organic, inorganic, and physical pollutants, seabirds are also 

introducing such pollutants to their breeding and roosting grounds. Here, we examine how the Flesh-

footed Shearwater (Ardenna carneipes) has inadvertently introduced physical pollutants to their 

colonies on Lord Howe Island, a UNESCO World Heritage site in the Tasman Sea and their largest 

breeding colony, through a mix of bolus deposition and carcasses containing plastic debris. The density 

of plastics within the shearwater colonies ranged between 1.32 and 3.66 pieces/m2 (mean ± SE: 2.18 ± 

0.32), and a total of 688,480 (95% CI: 582,409e800,877) pieces are deposited on the island each year. 

Our research demonstrates that seabirds are a transfer mechanism for marine-derived plastics, 

reintroducing items back into the terrestrial environment, thus making seabird colonies a sink for plastic 

debris. This phenomenon is likely occurring in seabird colonies across the globe and will increase in 

severity as global plastic production and marine plastic pollution accelerates without adequate 

mitigation strategies. 

Applying the Australian National Light Pollution Guidelines for Wildlife to develop best practice 

lighting design guidance for a proposed offshore oil and gas facility 

Annabel Knipe¹, Kellie Pendoley¹ 

¹Pendoley Environmental 

Light pollution, and the potential risks it poses to all living things, is emerging as an issue of concern 

worldwide. In Australia, the draft National Light Pollution Guidelines for Wildlife aims to provide 

theoretical, technical and practical information required to assess if a lighting project is likely to affect 

wildlife and outline potential management tools to minimise and mitigate that affect. Offshore oil and 

gas facilities present a year-round source of artificial light at sea, potentially disrupting critical 

behaviours in both nocturnal and diurnal wildlife, including birds. Negative responses of birds to artificial 

light may include collision, entrapment, stranding, grounding, disorientation or interference with 

navigation, potentially resulting in reduced fitness, injury and/or death. However, the degree of impact 

can vary between species, depending on their habitat use and adaptations, and within species, 

depending on the life stage of the individual and the behaviour being undertaken at the time. Birds, like 

most vertebrates, have an eye that is well adapted to see colour. However, adaptation of sensitivity to 

different wavelengths can vary between species. We present a case study applying the draft Light 

Pollution Guidelines to develop an impact assessment that considered the conservation status, 

distribution, habitat use and relative density of species in the region, with reported interactions with 

artificial light at sea, to determine the vulnerability of different seabird species to the proposed facility. 

By applying knowledge of light type and wavelength sensitivity of the most vulnerable species, we were 

able to develop project-specific best practice lighting design guidance outlining mitigation measures to 

be implemented during both design and operation of the facility that are tailored to the location for 

maximum benefit. 

Mercury contaminations and at-sea areas of three auk species, breeding across the Pacific and 

Atlantic oceans 

Chinatsu Nakajima¹, Kyle Elliott², Scott Hatch³, Shannon Whelan², Annette Fayet⁴, Yasuaki Niizuma⁵, 

Jumpei Okado⁶, Akiko Shoji¹ 
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¹University of Tsukuba, ²McGill University, ³Institute for Seabird Research and Monitoring, ⁴Oxford 

University, ⁵Meijo University, ⁶Hokkaido University 

Mercury is a toxic, bioaccumulating trace metal whose emissions have recently been increasing and 

impacting even remote environments. Seabirds integrate bio-accumulative mercury via food intake. This 

is mainly deposited during the molting period in which the feathers are replaced annually, and the 

concentrations reflect the uptake and storage of mercury between molts. Here, we examine variation in 

marine mercury concentrations in the Pacific and Atlantic Oceans, by using seabirds' feathers. We 

collected primary, rectrix and breast feathers from three auk species with similar body masses 

(Rhinoceros Auklets Cerorhinca monocerata, Tufted Puffins Fratercula cirrhata, Atlantic Puffins 

Fratercula arctica) each may be subjected to different levels of mercury emissions in the Pacific 

(Middleton Island, USA; Teuri Island, Japan) and Atlantic (Skomer Island, UK), and tracked birds with 

light-level geolocators to obtain information about their non-breeding habitat. We measured mercury 

concentrations, then compared these concentrations with the birds' distribution obtained by 

geolocators, to test mercury contamination at individual levels. We discuss potential factors affecting 

the levels of mercury concentration among different species and locations. 

The impact of black rats on the Black-winged petrel Pterodroma nigripennis: A tale of two islands 

Terry O'Dwyer¹, Lisa O'Neill¹, Luke Halpin², Nicholas Carlile¹ 

¹NSW Department of Planning, Industry and Environment, ²Monash University 

The Black-winged Petrel Pterodroma nigripennis established populations on Phillip Island off Norfolk 

Island, and the main island of the Lord Howe Island group, both in the South East Pacific, at 

approximately the same time in the late 1960s. Phillip Island is a degraded 190 ha landscape recovering 

from 200 years of browsing feral mammals. Lord Howe Island is a 1400 ha island which, until recently, 

was impacted by rodents. We monitored both colonies in recent years to examine the impacts of 

rodents on the Lord Howe Island population. Black-winged petrel populations were estimated, breeding 

success was determined by direct observation, foraging ranges were established using Global Location 

Sensors and the impacts of rodents on the seabirds was captured by surveillance cameras. Fifty years 

after establishment, population size differed by an order of magnitude between the two islands. 

Breeding success (eggs producing near-fledged chicks) was 50% on Phillip Island but only 3% on Lord 

Howe Island in areas baited for rodents and 0% in the absence of rodent control. Black rats Rattus rattus 

were seen to take eggs from nests under active incubation and solitary chicks aged up to approximately 

six weeks. There was substantial overlap in foraging ranges of breeding adults from both islands, even 

though their breeding sites are 900 km apart. So, while rat predation could not be confirmed as the sole 

cause of breeding loss, difference in foraging areas was not a contributory factor either. While breeding 

success is recovering on Lord Howe Island after rodent removal, the population will take decades before 

it reaches the levels currently experienced on Phillip Island. 

Assessing the limitations of conventional predator control in Maui Nui: Re-envisioning the approach 

to protecting a unique seabird habitat 

Martin Frye¹, Jennifer Learned¹, George Akau², Benjamin Campbell², Nuuanu Santos², Cecelia Frisinger¹, 

Jay Penniman¹ 

¹Maui Nui Seabird Recovery Project, ²Auwahi Wind Project 

On leeward Haleakalā, Maui Nui Seabird Recovery Project and Auwahi Wind Project of AEP Energy 

Partners monitor endangered ʻUaʻu (Pterodroma sandwichensis, Hawaiian petrel), and collaborate to 
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control predators in adjacent management areas. Together these sites form a buffer for the greater 

ʻUaʻu colony within Haleakalā National Park. Since monitoring began, the number of active burrows and 

reproductive success rates have increased. We present predator activity data and control efforts over 8 

years of management. Although predator abundance is locally low, feral cats (Felis catus) and small 

Indian mongoose (Herpestes auropunctatus) freely traverse the landscape and target ʻUaʻu burrows. We 

suggest that the current approach of intensive predator control near nesting sites is marginally effective 

due to behavioral patterns and large home ranges of the predators. Predator activity is assessed through 

standardized surveys, and by monitoring game camera data from ʻUaʻu burrows. Traps are maintained 

near areas of high burrow density, and are deployed in response to predator activity on cameras. 

Despite successful trapping efforts, predators persist, and predation rates (depredated/breeding 

burrows; annual mean 20%) remain largely unchanged. We show that adopting new trapping 

technology and methodology can achieve improvements in capture rates; however, we expect the 

current, reactive strategy to remain limited to local and near-term predation suppression. In addition, 

budget and personnel are difficult to maintain as the colony continues to expand. A change toward a 

more landscape-level approach that addresses the behavioral ecology of the target species is needed to 

produce long-term and widespread effects. 
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Poster Session Atlantic 1 

A – Behavior 
1A-A-1: Object exploration in seabirds: Olrog's Gull (Larus atlanticus) as case of study 

Authors: Melina Castano¹, Laura Biondi¹, Marco Favero¹, Germán García¹ 

¹Instituto de Investigaciones Marinas y Costeras 

Exploratory behavior represents an important way through which individuals collect information about 

the environment and learn its properties. Individuals may vary in the way they respond to novel stimuli, 

which may be due to the attributes of these stimuli. The complexity of shapes and colors are important 

characteristics that can influence the exploratory behavior. Here, we analyzed the exploratory behavior 

in the Olrog´s Gull Larus atlanticus, by examining how sex and object complexity influence object 

exploration. Nine adult birds (5 females, 4 males) were caught during the non-breading season in an 

urban area of the northern coast of Argentina. Birds were identified with leg bands and housed in 

outdoor aviaries. Each bird was presented with six different geometrical objects in a 15-min trial. Three 

simple objects had two-dimension geometric shapes without any irregularities. Three complex objects 

were a combination of two three-dimensional geometric elements with concavities and protruding 

elements. All objects were of plastic material of three different colors. All individuals approached the 

objects to less than 10 cm; six of them also contacted at least one object. There were no differences 

between sexes in the latency to approach the objects, latency at first contact and the total time of 

exploration (z=0.99, P=0.35; z=0.125, P=0.9; z=0.91, P=0.38; respectively). Twenty-four contact events 

with the objects were registered, from which 91.7% were made on complex objects, mainly the yellow 

and red objects. Regarding simple objects, only the yellow one was explored. This is the first study 

evaluating the explorative behavior of a South American Gull. We suggest that the preference of 

exploring the complex over the simple objects may indicate that this behavior was guided mainly by the 

need to extract information about the objects, and not by the potential risk associated to complexity. 

This first attempt to study the exploratory behavior of the Olrog´s gull is important to understand its 

response to the new stimuli faced in its environment. 

1A-A-2: Triaxial accelerometry allows to determine chick feeding events in a marine bird 

Authors: María Monserrat Del Caño¹, Flavio Quintana¹, Giacomo Dell'Omo², Agustina Gómez Laich³ 

¹Instituto de Biología de Organismos Marinos (IBIOMAR), CONICET, ²Ornis Italica, ³Instituto de Ecología, 

Genética y Evolución de Buenos Aires (IEGEBA), CONICET 

Over recent years, accelerometers have proven to be a powerful tool for the identification and 

quantification of animal behavior. Even though in seabird species this technique has allowed to identify 

activities such as diving, floating and flying, until now it has never been used to identify and analyze 

parental food provisioning events. In the present study, we applied the Support Vector Machine (SVM) 

algorithm to identify food provisioning behaviors from triaxial accelerometer data from breeding 

Imperial shags (Leucocarbo atriceps). A total of 15 breeding females were equipped with an 

accelerometer on the head which was programmed to record data at 50 Hz and left on the bird for less 

than 24 h. In order to label acceleration data, females were filmed during chick feeding and non-feeding 

events by means of a video camera. Fed chicks were categorized according to age in young and old (less 

and more than 7 days, respectively). Acceleration features from feeding and non-feeding periods were 

calculated using a sliding window of 1 s with a 0.98 s overlap. Finally, one SVM was run for each chick 

category, using a cost value of 1. SVMs correctly classified the feeding and non-feeding events in the 84 
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and 93% of the cases, for young and old chicks, respectively. However, the specific classification of food 

provisioning events (recall score), was correct for 79% of young and 95% of old fed chicks. Of the 

calculated features, those derived from the surge and heave acceleration axes and the pitch angle were 

the most important for distinguishing feeding from non-feeding behaviors. Our results suggest that 

accelerometry can be successfully employed to recognize food provisioning events in the Imperial Shag 

and can be applied in a wider spectrum of seabird species. 

1A-A-3: Foraging behaviour during the breeding season and associations with offshore oil platforms of 

Leachs Storm-Petrels 

Authors: Sydney Collins¹, April Hedd², David Fifield², David Wilson¹, William Montevecchi¹ 

¹Memorial University of Newfoundland, ²Environment and Climate Change Canada 

The global population of Leach's Storm-Petrels, the smallest and most abundant breeding seabird 

species in eastern Canada, has halved during the past 30 years. The largest colonies of these seabirds, 

located off the east coast of Newfoundland and Labrador, Canada, are experiencing the most dramatic 

declines. The International Union for the Conservation of Nature (IUCN) lists the species as Vulnerable. 

Fatal attraction to anthropogenic light is a known risk for seabirds globally and for Leach's Storm-Petrels 

in particular. Brightly lit oil and gas production platforms intersect the foraging paths of storm-petrels 

from the largest Newfoundland colonies, and the level of risk posed by attraction to these platforms is 

poorly understood. Using a GPS tracking dataset (2016 to 2020), we show considerable similarity in 

foraging trip distance, location, and behaviour among years and between chick and egg incubation 

periods. Although oil platforms were within the core foraging area of parental storm-petrels, owing to 

their constraints of nocturnality at the colony and in offshore foraging areas, they tended to transit 

rapidly past platforms during the day when light attraction is minimized. This research will help focus 

conservation research on risks outside the breeding season, during migration and winter. 

1A-A-5: Can a strong magnet disturb the initial orientation of fledgling shearwaters? 

Authors: Martyna Syposz¹, Ollie Padget¹, Natasha Gillies¹, Joe Wynn¹, Tim Guilford¹ 

¹University of Oxford 

Magnetoreception is thought to provide some birds with an accurate compass bearing for orientation 
during migration, but how widespread the magnetic compass is across taxa remains unknown. Whilst 
night-migrating songbirds are known to make use of a light-mediated inclination compass in 
combination with celestial cues to control orientation during migration, evidence for a role of a 
magnetic compass is much more equivocal across other avian taxa. In Procellariiform seabirds, there is 
currently no evidence for a role of a magnetoreception during large-scale movements. Studies that have 
attempted to interfere with magnetoreception in Procellariiformes show that seabirds are able to 
navigate normally on foraging trips and home successfully from distant locations despite carrying 
jostling rare earth magnets, free to move unpredictably inside a box attached to the bird's head. 
However, despite these results from adult Procellariiform seabirds, a magnetic compass remains a 
possible candidate for movement control that is necessarily inherited, such as first-time migration 
without adults. We therefore investigated whether the initial orientation of Manx shearwater fledglings 
is in the direction of the over-wintering grounds (South), and whether this initial orientation might be 
under the control of magnetic cues, as is known for some songbirds. We used a previously established 
technique to disorient the magnetic sense in birds by attaching a box with a freely moving strong 
magnet to the heads of fledgling shearwaters. In order to observe its vanishing bearing, we also loosely 
attached a tiny LED to its back. Contrary to expectations, birds did not show a consistent southward 
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direction and there was no difference between the magnetic and control treatment. However, the initial 
orientation of birds was predicted effectively by wind direction. Consequently, we propose that, during 
their first flight, inexperienced Manx shearwaters are blown off in a direction dictated by the wind. 
 

1A-A-6: Examining the interactive effects of boldness and wind conditions on foraging behaviour in 

the wandering albatross 

Authors: Natasha Gillies¹, Henri Weimerskirch², Jack Thorley¹, Tommy Clay³, Lucía Martín López¹, Rocio 

Joo⁴, Samantha Patrick¹ 

¹University of Liverpool, ²Centre d'Etudes Biologiques de Chizé, ³University of California, ⁴Department of 

Wildlife Ecology and Conservation 

As seabirds forage for ephemeral and heterogeneously-distributed resources, they should benefit from 
dynamically adjusting their behaviour to current environmental conditions. Despite this, many species 
show consistent inter-individual differences in foraging tactics. One potential explanation is that 
individual differences in personality, and associated pace-of-life variation, means that bolder individuals 
benefit from investing in 'risky' strategies that afford short-term benefit at the expense of future 
survival, leading to consistent inter-individual differences in foraging tactics. Bold wandering albatross 
Diomedea exulans are known to invest preferentially in explorative foraging, thought to represent a 
high-risk, high-gain strategy, at the expense of patch exploitation, and vice versa for shy birds. Albatross 
foraging dynamics are highly wind-dependent, yet it is not known whether and how the decisions made 
by foraging albatross depend on the interaction of personality and wind conditions. Given that bolder 
birds allocate resources preferentially to current reproduction, we hypothesize that they will maintain 
high foraging effort irrespective of wind conditions; in contrast, shy birds should minimize energy costs 
by flying preferentially with prevailing winds. Using a combination of a 10-year, high-resolution GPS 
dataset, individual measures of boldness, and hidden Markov models, we explore whether personality 
predicts movement responses of albatross to changes in wind. We show that wind conditions predict 
propensity to forage or commute between patches in all personality types. Bolder individuals are more 
likely to transition to commuting behaviour, and shy birds more likely to transition to and maintain 
foraging, following expectations of the exploration-exploitation trade-off. Our study advances 
understanding of selection and maintenance of inter-individual behavioural consistency, and individual-
level responses to environmental conditions. As changes in wind conditions are already having profound 
effects on albatross distribution, such information is essential to determine the capacity for populations 
to deal with future environmental fluctuations. 
 

1A-A-7: A flap-gliding seabird harvests energy by dynamic soaring, which influences its large-scale 

distribution 

Authors: Joe Wynn¹, James Kempton¹ 

¹University of Oxford 

Flight which harvests energy from a wind gradient - dynamic soaring - may allow animals and to move 
vast distances while expending little energy. Dynamic soaring is, however, difficult to empirically 
demonstrate. Here, we derive a new metric called horizontal wind effectiveness, a simple and general 
measure that summarises the effectiveness of a trajectory for harvesting energy from a vertical wind 
gradient. Using it, we find that Manx Shearwater (Puffinus puffinus), flap-gliding seabirds, consistently 
harvest energy by dynamic soaring, though not in an optimal manner. They do, however, more closely 
approach optimality when flying in more favourable conditions - stronger crosswinds. Using GPS, we 
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further find that birds head in more favourable directions when the wind speed is stronger, though only 
during outbound flight when destination is less constrained. These results are consistent with the idea 
that small-scale dynamic soaring behaviour impacts large-scale distribution. 
 

B – Biology/Breeding Biology/Nonbreeding Biolog 
1A-B-8: Potential nesting distribution of Masked Boobies (Sula dactylatra) breeding at the remote 

Trindade Island, western South Atlantic 

Authors: Victória Benemann¹, Leonardo Dorneles¹, Rosalinda Montone², Maria Petry¹ 

¹University of Vale do Rio dos Sinos, ²University of São Paulo 

Modeling suitable habitats for biodiversity maintenance under changing environments may serve as an 
important tool for biological conservation purposes. Trindade and Martim Vaz is an oceanic archipelago 
located ~1.200km from the coast of Brazil, and has been under ecological succession since feral goat 
eradication, which have devastated its original vegetation. We modeled nesting habitat suitability of a 
surface-nesting seabird - the Masked Booby Sula dactylatra - at Trindade Is. and predicted its breeding 
distribution on the island. We mapped 44 active nests of S. dactylatra during the breeding seasons of 
2017 and 2019, from October to November at Trindade Is. We fitted nest occurrence points in response 
to five topographical (Elevation, Slope, Insulation, Aspect and Flow Length) and two vegetation 
(Succession and Remnant) variables, using an Ensemble Species Distribution Model (ESDM) of four 
different algorithms: Boosted Regression Trees - GBM, Random Forests - RF, Generalized Linear Models - 
GLM, and Generalized Additive Model. We evaluated model accuracy based on two metrics: ROC and 
AUC, and tested for multicollinearity between variables using VIF test. Analyses were performed using 
the "biomod2" package in software R 3.6.1. Our models showed accuracy above 0.8 in both used metrics 
(ROC and TSS). Our results indicate areas of very high nesting habitat suitability along the Southwest and 
Northwest faces of Trindade Is., mostly in elevations varying from 200-400 m (Fig. 1). Elevation and 
Insulation were the variables that better explained S. dactylatra selection for nesting habitats, while 
Succession was the one that contributed less (Fig. 2). Since S. dactylatra depends on exposed rocky soils 
to nest, and that the successional vegetation of Trindade Is., that is already covering most of the Eastern 
faces, is likely to spread along the Western faces of the island, it is expected to reduce nesting habitat 
availability for this species in the coming decades. 
 

1A-B-9: Microscale occupation and nesting activity of the white-tailed tropicbirds in a south atlantic 

islet 

Authors: Lucas Santos¹, Ricardo Krul², Hellen Rocha¹, Patricia Serafini¹ 

¹Chico Mendes Institute of Biodiversity Conservation, ²Brazilian Institute for Conservation Medicine 

(Tríade) 

The White-Tailed-Tropicbird (Phaethon lepturus Daudin, 1802) shows a complex life cycle that uses small 
areas of aggregation for breeding, for example, on remote South Atlantic islands. Long-term surveys 
focusing in microscale patterns on breeding colonies can provide specific answers about the behavioral 
ecology of the species. Thus, we focused on studying the occupation and spatial dynamics of P. lepturus. 
Monthly, from November 2018 to November 2019, White-Tailed-Tropicbirds were monitored by active 
search on the Chapeu Islet (25M, 564307.35 m E, 9572126.83 m S; 5886.96 m², elevation 9 m a.s.l., Aw 
Köppen-Geiger CC, limestone pinnacles geological formation), in Fernando de Noronha Archipelago, 
Brazil. When an active nest was found, we labeled and geo-referenced the site and marked the 
specimens with CEMAVE bands. We standardized a 23x25 m² grid over the study area and, from the 
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Morisita Index (MI), it was obtained the spatial distribution and density values per month, which was 
related to the number of active individuals by simple linear regression (R v.3.6.1. software). 434 
individuals with local breeding activity were identified during the studied time, 7.8% (n=34) of local 
fidelity and, of these, 47.0% (n=16) of nest fidelity, with mostly 7-8 months (n=13) time interval to return 
back to the islet. In all months, happened an aggregate distribution pattern (MI=3.34±0.72; p<0.05) and 
an inverse relationship between aggregation and the number of active individuals (F=11.29; p<0.05). By 
comparing natural history data of P. lepturus with other colonies can provide broader understanding of 
their population dynamics. The singularity of locations as Chapeu Islet provides specific resources to part 
of those seabirds species life cycle, connecting individuals that use a wider territorial scale. 
 

1A-B-10: Seasonal habitat partitioning by sympatric sea ducks in eastern North America 

Authors: Juliet Lamb¹, Peter Paton¹, Jay Osenkowski², Scott McWilliams¹ 

¹University of Rhode Island, ²Rhode Island Department of Environmental Management 

Habitat partitioning, wherein species that occupy the same geographic areas select different locations or 
resources, is considered key to the coexistence of closely related sympatric species. However, 
partitioning can be difficult to observe in natural settings due to the complexity of measuring niche 
breadth across relevant environmental features. Sea ducks, which overlap extensively throughout the 
annual cycle and utilize similar marine areas during non-breeding, provide an opportunity to apply 
concepts of habitat partitioning to understand how multiple species can effectively coexist while 
utilizing shared resources. We collected satellite telemetry data on annual cycle movements of over 500 
individual sea ducks of five species (Black Scoter, Surf Scoter, White-winged Scoter, Long-tailed Duck, 
and Common Eider) from throughout eastern North America and the Great Lakes. To investigate marine 
habitat partitioning during the non-breeding season, we applied a multivariate habitat selection analysis 
and compared selectivity values across species, seasons, and environmental characteristics. Our results 
suggest that niche separation and habitat selectivity are strongest during the post-breeding molt and 
migration period, when highly productive habitats are spatially limited and individual mobility is 
restricted. During winter, species show strong preferences for productive nearshore marine habitats, 
but also overlap extensively in shared habitat areas. Conversely, during spring migration, species show 
little habitat selectivity or partitioning, suggesting that factors other than environmental covariates are 
driving habitat use. We discuss the conservation implications of seasonal variation in habitat partitioning 
and selectivity, and identify key multi-species habitat features used throughout the annual cycle. 
 

1A-B-11: Nonbreeding distributions and activity patterns of Yelkouan shearwaters from the world s 

largest colony, Tavolara Island (Italy) 

Authors: Marco Zenatello¹, Paola Aragno¹, Caitlin Frankish², Giovanna Spano³, Augusto Navone³, Richard 

Phillips⁴, Nicola Baccetti¹ 

¹ISPRA (Italian Institute for Environmental Protection and Research), ²University of Cambridge (UK), 

³Marine Protected Area Tavolara - Punta Coda Cavallo, ⁴British Antarctic Survey 

The nonbreeding distribution and activity patterns of Yelkouan shearwaters (Puffinus yelkouan) 
breeding at the most important breeding site, globally, of this endemic Mediterranean species (Tavolara 
island, Italy 40°54'N 09°42'E) were investigated using combined geolocator-immersion loggers in 2010-
2011. Thirteen breeding adults were tagged in early incubation with leg-mounted loggers in March 
2010, of which 11 (85%) were retrieved in February-March 2011, at the onset of the following breeding 
season. There was extensive individual variation in migration patterns: five birds (4 females and one 
unsexed bird) performed a longitudinal migration to and from the Black Sea, and used stopovers areas in 
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the Strait of Sicily (Italy), Gulf of Gabès (Tunisia) or the Aegean Sea (Greece). Six birds (four females and 
two males) remained in the Mediterranean basin throughout the nonbreeding period. The ratio of 
short:long distance migrants was intermediate between populations of Yelkouan shearwaters tracked 
previously from France and Malta, suggesting an east-west trend in relative use of the Black Sea during 
the nonbreeding period. Birds spent 133-222 days away from the colony. Immersion data indicate that 
they were always at sea, and did not return to land in the period between departure from the colony 
(median 4 July, range 14 May-17 July) and return from migration (median 7 December, range 15 
November 2010-8 February 2011). Based on our results and those from French and Maltese colonies, 
Yelkouan shearwaters show high individual variability in non-breeding distributions and stopover areas, 
which has implications for their vulnerability to the diverse threats in the Mediterranean, including from 
fisheries. 
 

1A-B-12: Interannual variation in Humboldt penguin chick growth rate at Punta San Juan, Peru from 

2000 and 2019: Preliminary findings 

Authors: Karen Lau-Alarcón¹, Marco Cardeña-Mormontoy¹, Andrés Chavieri-Salazar², Susana Cárdenas-

Alayza¹ 

¹Universidad Peruana Cayetano Heredia, ²Universidad Ricardo Palma 

Longitudinal studies of basic biological features in seabirds, such as chick growth rate, can provide 
important information on how parents respond to environmental conditions during the breeding 
season. Humboldt penguins (HUPE) have adapted to cope with the varying conditions (ENSO) of the 
dynamic Humboldt Current System, e.g., flexible diet or abandoning the nest if conditions are adverse. 
Furthermore, studies show that chicks reared under adverse conditions show longer rearing periods 
reflected in lower growth rates. Our goal was to determine the growth rate of HUPE chicks born and 
reared until fledgling, during the first breeding season of years 2000 to 2019 in Punta San Juan, Peru. For 
this, we accessed a long-term database on individual nest checks conducted annually during 2000-2019. 
We extracted values for three morphometric measures (foot, flipper and bill length) and body mass. 
Then, we fit measures to non-linear regressions, asymptotic and slope values were extracted to evaluate 
daily growth rates and the percentage of adult size reached by end of rearing. Due to small sample sizes, 
only years from 2004 to 2007 were considered for interannual comparisons. The measures that reached 
adult size at the end of the rearing period were flipper and foot length, while bill length only reached 
~80% of adult size. The measure with greatest interannual variation was body mass, followed by bill, 
flipper and foot length. Significant interannual differences in body mass were only found between years 
2005 and 2006 (Wilcoxon, p<0.05). A negative relationship (R=-0.88, p=0.12) was found between mean 
body mass and SSTA (ONI index) during months of adults post-molt feeding trip. Lack of significance may 
be affected by small sample sizes. Low correlation during years with weak positive SSTA (2004, 2007) 
suggest HUPE have strategies to cope with smaller scale environmental changes; however stronger 
anomalies during onset of breeding may be affecting final chick body mass gain, which is key for post 
fledging survival. 
 

1A-B-13: Do inter-individual differences in chick calls assure chick recognition by parents of burrow-

nesting colonial seabird, the little auk Alle alle? 

Authors: Dorota Kidawa¹, Mateusz Barcikowski¹, Katarzyna Wojczulanis-Jakubas¹, Dariusz Jakubas¹ 

¹University of Gdansk 

Chick vocalization towards parents primarily serves to provide information about its food demands but 
may be also used for chick recognition. For colonially nesting seabirds the ability to recognize their own 
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offspring is crucial to ensure a breeding success. However, in the case of burrow nesting species, the 
chick recognition by parents may be less significant, since the own nest can be identified by geographic 
cues alone. But at some stage of the nesting period chicks get mobile and leave the nest and/or simply 
fledge, and when still in that time the parental care is to be continued the ability to recognize and care 
for their own offspring should be important. In the little auk, Alle alle, a burrow-nesting, colonially 
breeding seabird with a monogamous breeding system, both parents share incubation and care over a 
single, semi-precocial chick. The male accompanies the chick during fledging and his presence and care 
is crucial for the young to survive. The aim of this study was to test the inter-individual differences in 
chick calls at different stages of the nesting period, as well as the recognition of the own chick by the 
parents. Given the importance of male parent accompanying the chick during the fledging and paternal 
care at sea, we expected that there are inter-individual differences in the acoustical parameters of the 
chicks' calls, which allow parent birds to recognize and provide care for their own offspring. Chick calls 
were recorded in the nests in 2016-2018. Additionally, the cross-fostering experiment was conducted 
and the parents' feeding performance was monitored. As expected, significant inter-individual 
differences were revealed in chicks' fledging calls. Also, the begging calls showed a significantly different 
acoustic features between individuals, both, at the end, and in the mid of the chick rearing period. 
Surprisingly, parent birds accepted cross-fostered chicks, providing the parental care. Results suggest 
that there is a potential for chick recognition in the species but apparently recognizing the chick consider 
geographic cues over the acoustic. 
 

1A-B-14: Non-breeding distribution of the endangered Abbott's Booby 

Authors: Johannes Chambon¹, Janos Hennicke², Henri Weimerskirch³, Rory Wilson¹, Luca Börger¹ 

¹Swansea University, ²Bundesamt für Naturschutz, ³French National Centre for Scientific Research 

The Abbott's Booby Papasula abbotti is amongst the most threatened seabirds in the world. The species' 
only current breeding location is the Australian territory of Christmas Island in the eastern Indian Ocean. 
There, Abbott's Boobies benefit from conservation actions but insights into its behaviour at sea are 
crucially missing to implement effective holistic conservation strategies. In particular, the species' 
migratory behaviour and non-breeding distribution are largely unknown but it is likely that the birds are 
exposed to various threats during these periods. Using GLS loggers, we studied Abbott's Booby 
movements during non-breeding. 22 adult birds were tracked between 2007 and 2014, yielding a total 
of 27 migrations. The birds migrated predominantly easterly off Christmas Island to a relatively 
restricted area around the Banda Sea, Indonesia. The mean duration of the migration was 121 days (± 
21), taking place from 7th December (± 29 days) to 7th April (± 27 days). No significant differences were 
found in the 50% (core area) and 95% (home range) utilisation distributions (kernel density estimates) 
between males and females. The results can help develop effective conservation measures: along their 
migration routes and in their non-breeding foraging habitat Abbott's Boobies are exposed to a number 
of potentially harmful human activities, in particular fisheries. In addition, oceanographic changes due to 
global warming could make the crucial foraging area around the Banda Sea less suitable as non-breeding 
habitat. The spatial restriction of the non-breeding core area makes it a good candidate for an Important 
Bird Area/Key Biodiversity Area. 
 

C – Bycatch  
1A-C-15: Seabird bycatch in a novel, and unregulated, accessory fishing gear deployed by pelagic 

longline fishers off southern Brazil. 
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Authors: Augusto Silva-Costa¹, Gabriel Canani¹, Tatiana Neves², Dimas Gianuca³ 

¹Projeto Albatroz/Albatross Task Force Brazil, ²Projeto Albatroz, ³Birdlife International Marine Program 

Bycatch in industrial fisheries is the most pervasive at-sea threat to seabirds globally, for which an array 
of mitigation measures have been developed. However, seabird interactions with accessory gear, 
deployed by crew to improve catches or for self-consumption, remains poorly understood. We 
quantified seabird bycatch in a novel accessory gear deployed by pelagic longline (PLL) fishers off 
southern Brazil, termed 'buoy hooks' (BH), which consists of short (2-4 m) branchlines clipped straight to 
bullet buoys, targeting sharks and dolphinfish. This practice was first recorded in 2013, in only two 
vessels and six trips, by on-board observers voluntarily taken by fishermen. BHs were deployed in 23 
(49%) of 47 observed sets, comprising 36,737 and 1,598 hooks for PLL and BH, respectively. Catch rates 
(number/1000 hooks) of seabirds (BPUE) and target species (CPUE) were compared between gear types. 
In total, 24 albatrosses or petrels were caught in the PLL (BPUE=0.65) and 28 in BH (BPUE=17.52). 
Considering only dead birds, BPUE was 0.33 and 6.26 for PLL and BH, respectively. CPUE of target 
species was 8.66 for PLL (mostly blue shark, tuna and swordfish) and 14.89 for BH (blue shark and 
dolphinfish). Given the high BPUE in BH, explained by its very shallow fishing depth, even sporadic use 
across the fleet represents a menace to threatened albatrosses and petrels in this region. Even though 
the high BPUE recorded was observed in a low number of hooks, we recommend monitoring the use of 
this accessory gear across the fleet and its potential impacts on seabirds. 
 

1A-C-16: Contribution to reduce bycatch in a top priority area for seabird conservation in Portugal 

Authors: Nuno Oliveira¹, Ana Almeida¹, Emanuel Constantino¹, André Ferreira¹, Iván Gutiérrez¹, Ana 

Santos¹, Elisabete Silva¹, Joana Andrade¹, Hany Alonso¹  

¹SPEA - Sociedade Portuguesa para o Estudo das Aves 

Seabird bycatch is an important global conservation issue and very often cited as one of the causes 
leading to the population declines of different seabird species. Significant gaps still exist in our 
knowledge of seabird bycatch patterns, namely in artisanal fisheries. Studies to better understand 
bycatch impact by this type of fleet should focus on smaller areas and include higher observation effort. 
Although bycatch has been recently recorded in artisanal coastal fisheries operating in the Portuguese 
mainland coastal waters, little is known about its magnitude and main effects for seabird populations. 
Here, we present a comprehensive study in Ilhas Berlengas Special Protection Area (SPA) and 
surrounding waters to properly quantify seabird bycatch. Three mitigation measures were tested: high 
contrast panels in gillnets, black hooks in longlines and a scary-bird device in purse seines. The efficacy, 
acceptance and economic viability were tested for each mitigation measure. Sixty five individuals of 7 
different seabird species were caught during the 295 observed fishing trips between 2015 and 2018. 
Gillnet and purse seine bycatch events occurred outside the SPA limits, while demersal longline bycatch 
events occurred mainly within the SPA. Bycatch occurred mainly in the demersal longlines set at a longer 
distance from coast (>500m), near the surface (≤2m), with longer soaking times (>24h) and during the 
summer. It was not possible to evaluate the efficacy of two of the mitigation measures implemented, as 
no bycatch events were recorded during control and experimental trials. Nevertheless, the scary bird 
measure presented promising results, causing birds to interact less with the vessel The scary bird has 
proved to be a low-cost and easy to implement mitigation measure, being also well accepted by purse 
seine fishermen. The measure presented promising results, causing birds to interact less with the vessel, 
thus reducing the likelihood of being caught. 
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D – Climate change  

1A-D-17: Impact of Extreme Climatic Events on the Foraging Behaviour and Breeding Success of the 

King Penguin 

Authors: Émile Brisson-Curadeau¹, Kyle Elliott¹, Charles-André Bost² 

¹McGill University, ²Centre National de la Recherche Scientifique 

Extreme climatic events such as El Niño have strong effects on Antarctic Ocean wildlife, effecting 
changes in the distribution and abundance of the primary producers that reverberate to the top of the 
food chain. Monitoring effects on top predators could therefore provide information on the density and 
distribution of a range of prey, especially if their foraging behaviour and population dynamics are good 
indicators of the population dynamics of lower trophic levels. The king penguin (Aptenodytes 
patagonicus) is a good candidate for being an indicator species in the Antarctic Ocean: it is a top 
predator with a circumpolar distribution, and can dive up to 300 m to forage, coming in contact with 
various prey types. The project consists of examining how the consequences of climatic extremes on the 
food web affect the breeding success and foraging behaviour of king penguins. We use 20 years of 
foraging and breeding data to investigate 1) whether the foraging behaviour of king penguins (diving 
depth, foraging location) changes during extreme climatic events, and 2) whether reduced prey 
availability during these events affect the population dynamics of the bird. We predicted that king 
penguins will have to dive deeper and further south in extreme climatic years, as the increase in sea 
surface temperature will push prey in the colder and deeper southern waters. Furthermore, low prey 
densities will cause a decrease in breeding success, leading to long-term population decline for the 
penguin. This research aims to determine the mechanisms between extreme climatic events, wildlife 
distribution and fitness, which will help in the design of protected areas that consider the spatial 
responses of predator-prey relationships to these events. 
 

1A-D-18: The temperate zone in a changing climate: too warm for North Atlantic seabirds? 

Authors: Volker Dierschke¹, Jochen Dierschke², Nils Guse³, Stefanie Rolfsmeier⁴ 

¹Gavia EcoResearch, ²Institute of Avian Research, ³Christian-Albrechts-Universität Kiel, ⁴Helgoland 

The island of Helgoland (Germany) in the southern North Sea holds several cliff-breeding seabird 
species, some of them close to the southern edge of their breeding range. In spring and summer 2018, 
unusual high air temperatures in combination with low wind had considerable impact on these seabirds. 
Various observations indicated that especially adult northern gannets and black-legged kittiwakes were 
under heat stress, leading to extensive nest abandonment before hatching, especially in parts of the 
colony with long sun-exposure and shelter from wind. Although heat continued throughout that 
summer and very high temperatures were measured at the nests, chick rearing appeared to be less 
affected, but overall breeding success was untypical low in gannets and close to colony failure in 
kittiwakes. Common murre chicks left the colony at younger age and with critical body mass, many of 
them died just after jumping from the breeding ledges. As food provisioning in parts of the colony 
protected from solar radiation appeared to be good and because species with different prey and ways of 
foraging were involved, it is unlikely that feeding conditions and food supply were responsible for the 
poor breeding success. To a lesser extent, the observed phenomena recurred in 2019, when spring was 
very warm again. In the light of predicted warming due to climate change it is discussed whether the 
breeding range of North Atlantic seabirds might retreat northwards in future. 
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1A-D-19: Penguins as paleoclimate and sea-ice proxies: Radiocarbon dating indicates a late Holocene, 

north-to-south, penguin colonization in the northern Antarctic Peninsula 
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Pygoscelid penguins in Antarctica require ice-free terrain for nesting, open-water access to their 
colonies on the coast, and adequate marine food supplies nearby, thus the presence or absence of 
penguin colonies act as proxy for these conditions. Ornithogenic soils are formed over hundreds to 
thousands of years and contain a natural archive of well-preserved tissues that can be used to track the 
initiation and abandonment of penguin colonies over geologic time. This 'penguin record' complements 
traditional paleoclimate and sea-ice records such as ice cores and lake and marine sediment cores. 
Previous radiocarbon dating of Adélie penguin (Pygoscelis adeliae) tissues from ornithogenic soils in the 
northern Antarctic Peninsula have suggested a very young occupation, dating to less than 800 calendar 
years before present (BP). This is at odds with other proxies that indicate earlier deglaciation of this 
region. To address this enigma we excavated active and abandoned Adélie penguin colonies at the 
Danger Islands, Paulet Island, and Brown Bluff, Tabarin Peninsula, along the northern Antarctic 
Peninsula to determine their occupation history. We discovered that Adélie penguins first occupied the 
Danger Islands and Paulet Island approximately 2820 to 2935 BP. In contrast, ornithogenic soils at Brown 
Bluff dated to less than 400 BP, similar to previous dates on soils in this region. When compared to past 
studies these new dates indicate a north-to-south occupation across breeding colonies in the 
northeastern Antarctic Peninsula that began around 2900 BP. This agrees with paleoclimate and sea-ice 
proxies that suggest that the northern Antarctic Peninsula underwent complete deglaciation following 
the Last Glacial Maximum by approximately 6000 to 3000 BP. However, a mismatch remains between 
the late Holocene age of ornithogenic soils and the middle Holocene age of marine sedimentary 
deposits and penguin guano bio-elements in lake sediments from the region that warrants future 
investigations. 
 

E – Conservation  

1A-E-20: Brazilian albatrosses and petrels biological sample bank for research and conservation: a 

potential regional node to facilitate sample directory 

Authors: Alice Pereira¹, Tatiana Neves¹, Cristiane Kolesnikovas², Dimas Gianuca¹, Patricia Serafini³ 

¹Projeto Albatroz, ²Associação R3 Animal, ³MMA 

Brazilian albatrosses and petrels biological sample bank (BAAP) was proposed under the National Plan of 
Action for the Conservation of Albatross and Petrels (PLANACAP) and presented to the Population and 
Conservation Status Working Group (PaCSWG) of the Agreement on the Conservation of Albatrosses and 
Petrels (ACAP) once it facilitates sample access to achieve its goals. The two leading institutions in 
BAAP's creation are The National Centre for Bird Conservation and Research (CEMAVE) of Chico Mendes 
Institute for Biodiversity Conservation (ICMBio) and Projeto Albatroz, a Brazilian non-governmental 
organization. BAAP aims to manage a network of institutions holding biological samples from 
albatrosses and petrels to promote information and sample interchange. BAAP participants are able to 
transfer their surplus samples to other institutions, ask for samples lacking in their collection and also 
make public the list of samples they maintain. One of the benefits from an integrated biological sample 
bank working as a regional node for Procellariiformes is to precisely know what the collections have to 
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offer from each species. Thus, you can maximize the types of samples that can be collected from a 
carcass forwarding each one to the most needed institutions. Besides, an organized sample bank helps 
researchers to precisely know what is the amount of samples necessary to collect, saving money and 
efforts in field expeditions. BAAP currently houses 3,956 samples, and gathers nine institutions, 
including museums, universities, private and non-governmental organizations in Brazil. Searches for 
samples accessioned in BAAP's collection are straightforward, as well as accessing information on 
samples housed in other participant institutions, which share their information on the same node. BAAP 
works within Brazil at this moment, but hopes to inspire other initiatives regionally, to facilitate research 
that will subsidize albatrosses and petrels conservation actions. 
 

1A-E-21: A habitat disturbance indicator for seabirds in northern Europe 

Authors: Volker Dierschke¹, Nele Markones², Moritz Mercker³ 
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Statistik 

In the European Union, the conservation of the marine environment is supported by the Marine 
Strategy Framework Direction (MSFD, released in 2008). The aim is to get from status assessments to 
measures allowing to achieve good environmental status in future. Seabirds constitute a component of 
biodiversity, and their status shall be described by abundance, demography, distribution, bycatch in 
fisheries and habitat quality. Whereas indicators have been developed for the first four criteria, an 
indicator describing habitat quality has been lacking and was drafted only recently. We present an 
approach to assess habitat quality for seabirds at sea as expressed by the level of disturbance from 
human offshore activities: First, the influence of multiple activities on the species of interest is estimated 
using integrative regression techniques applied to offshore bird survey data. Then these models are 
used to predict the distribution and abundance of the species throughout the study area, in both the 
current situation, with human activities, and in a hypothetical situation without the effects of the human 
activities. Two different measures allow to compare between the two scenarios: One highlights critical 
regions where locally high bird abundance is co-localized with large declines in abundance due to human 
activities. As a global metric, the other quantifies the overall condition of seabird habitat in the study 
area in relation to human disturbance. This indicator framework was tested for three species wintering 
in the southern North Sea (red-throated loon, herring gull, common murre) and the German section of 
the Baltic Sea (long-tailed duck, herring gull) compared to the spatial distribution of three human 
activities (offshore windfarms, shipping, bottom-trawling fishery). This way of cumulative assessment 
gave a high amount of disturbed habitat for red-throated loon and common murre, whereas in the areas 
examined the disturbance was low for herring gulls and long-tailed duck. The availability of suitable and 
undisturbed habitat is a prerequisite for the conservation of threatened and declining species. 
Therefore, the assessments of this indicator can substantially support assessments in the abundance 
indicators by highlighting fields where measures need to be applied. 
 

1A-E-22: Unprotected key areas of European Storm Petrel in the Gulf of Cadiz, Spain 

Authors: Andres de la Cruz Muñoz¹, Gonzalo Muñoz Arroyo¹ 

¹University of Cadiz 

In 2014, Spain declared 39 marine Special Protected Areas (SPA) in order to protect the 10% of its 
waters. European Storm Petrel has been identified as one of the key species to delimitate and declare 
the SPA for seabirds in the Gulf Cádiz, in the framework of Natura 2000 marine Network. This migratory 
species uses this area during their post-breeding migration for foraging and the SPA should guarantee its 
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protection. This study analyse the distribution area of the European Storm Petrel and the oceanographic 
features related to in the Gulf of Cadiz using data of 10 years of oceanographic vessel campaigns to 
figure out the Key Area of the species in region. We conducted 103 census units during 2006-2018 
covering more than 5,000 km and we detected 361 European Storm Petrel in 99 census units. We used 
Kernel Density Estimation to calculate the home range of the species and predictive Maxent models to 
determinate which oceanographic variables influence this petrel distribution. Our results show that the 
key area of the species was displaced to the west from to the current protected area, so this species 
could be not well adequately protected in the area. Using Maxent approach, the distance to Guadiana 
river mouth, distance to the Continental Platform and the concentration of Chlorophyll a have been 
identified as the main environmental variables that explain the European Storm Petrel distribution in the 
Gulf of Cádiz. These results contribute to a better understanding of the dynamic of the regional 
distribution of marine species and help to define a more suitable SPA and its management 
 

1A-E-23: Threats to seabirds in Europe: a regional review 

Authors: Antonio Vulcano¹, Maria Peixe Dias¹, Anna Staneva¹, Daniel Mitchell², Claire Rutherford¹ 
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The most recent assessment of threats to seabirds at the global level confirmed that Invasive Alien 
Species (IAS), bycatch and climate change are the main drivers of decline of several species. Most 
seabirds, especially globally threatened ones, face multiple threats. IAS affects the highest number of 
species, but bycatch has a greater impact in terms of severity. In this study, we used data collected for 
the global revision to analyse in detail the threats facing seabirds occurring in Europe and in the EU28 
(pre-2018). We found that, at European level, the main perils on land are hunting/trapping, pollution 
and IAS (affecting 46.8 %, 35.1 % and 33.8 % of species respectively). At sea, the main threats are 
bycatch (33.8 %), climate change/severe weather and overfishing (both 22.1 %). Marine threats have the 
greatest average impact on European species, even though they affect a smaller percentage of them 
compared to the major threats on land. In Europe, seabirds are among the bird families with the higher 
proportion of threatened and nearly threatened species (34,5% at EU level according to the last EU 2020 
Red List assessment), with c. 25% experiencing population declines (especially Podicipedidae and 
Anatidae families). The study sheds light on the main threats faced by European seabirds during 
different phases of their annual cycles for both breeding and wintering species, and will contribute to 
the identification of key species and the measures needed to mitigate their most critical and deadly 
threats. In addition, this analysis will help guide current and future conservation and policy work in the 
region to drive effective conservation measures and identify where there is a shared political 
responsibility with third-party countries. This is particularly important for some highly mobile European 
species that spend a significant amount of time in the high seas where they encounter threats that have 
an impact on their survival. 
 

F – Demography  

1A-F-24: Rock shag inshore island colonies at risk in an invaded scenario 
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Viability assessments require long time series which are usually uncommon and often expensive. Rock 
shags (Phalacrocorax magellanicus, RS) inhabit the southern coasts of Argentina and Chile, and 8 % of 
the Argentinian population occurs along the Beagle Channel (BC). They nest in cliffs in several islands, 
and tourism activity does not seem to affect the number of breeding pairs. The Fuegian archipelago is 
also inhabited by several invasive species, one of which, the American Mink Neovison vison is a well-
documented seabird nest predator. In this study We attempt to estimate the effect of invasibility on the 
viability of the RS population in the BC to recommend local management measures. We used counts of 
breeding pairs of RS in the BC, from 1994 to 2019 (yearly since 2007), to estimate the intrinsic growth 
rate (λ) for the overall population. We explore associations between λ and distance to the closest island 
of the archipelago where American Mink is present. We clustered sites in 'inshore' islands (<1 km to the 
mainland, n= 5) and 'offshore' islands (>2.5 km, n= 17), and calculated the absolute values of viability for 
the population for the next 50 years. High inter-annual variability was recorded, especially on offshore 
islands. Overall population decreased 2 % annually, from 691 breeding pairs in 1994 to 455 in 2019, and 
mean probability of extinction in 50 years was 17 %. This negative trend could be attributed mainly to 
the loss of the inshore population, while variation in growth rates were mainly due to variation in 
offshore colonies. While in 40 % of the inshore islands a local extinction was recorded, on the offshore 
islands the records of local extinctions and colonization were similar. In cormorants, site fidelity is 
usually high, thus a rapid response to disturbance is not expected. Although we know of a few colonies 
in the Chilean part of the channel that could be harboring emigrants from these islands, we were able to 
identify islands which are susceptible to be managed by Argentine government, with specific expected 
outcome in case of success. 
 

1A-F-25: Oh, the places you’ll go! Juvenile movements in the yellow-legged gull (Larus michahellis) in 

relation to the natal colony and its epidemiological importance 
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The yellow-legged gull (Larus michahellis) is a common seabird species around the Mediterranean coast, 
well adapted to exploit human-associated resources. As this species can carry a range of infectious 
agents, some of specific public health concern, understanding its movement ecology can provide 
essential information for predicting disease risk and pathogen emergence. This study aimed to 
characterize movement in this species using a multi-event mark-recapture modeling framework. The 
data included the encounter histories of 5158 birds marked at fledging between 1999 and 2004 at 14 
colonies in southern France and resighted for 10 years. Our results show that young individuals have a 
greater mobility than older ones; 53% of juveniles are migratory during the non-breeding period and 
move to areas more than 50 km from the natal colony compared to only 24% in older birds that return 
to the breeding colony. However, the spatial extent of juvenile movements depend on colony location, 
with a 45% difference in the proportion of sedentary individuals between colonies 50 km apart. These 
differences may be explained by colony quality or population dynamics. Indeed, young birds from 
colonies with strong juvenile survival probabilities (~0.75) appear to be more sedentary than those from 
colonies with low survival probabilities (~0.36). These results indicate that young birds are likely be more 
important dispersers of avian disease than older birds and that this propensity may be conditioned by 
local breeding success, which itself may depend on the presence of parasites/pathogens. 
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1A-F-26: Modelling density dependence in UK seabirds, in the context of population viability analysis 
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Population viability analysis (PVA) is a well-used approach for assessing how changes to vital rates will 
impact population dynamics, and is commonly used in environmental impact assessments to quantify 
potential threats to seabirds. These models typically do not account for density dependent regulation 
because the strength of these relationships is poorly understood. However, this omission is likely to 
influence the impact predicted by PVA, and thus compromise our understanding of seabird vulnerability 
to human activity. A small number of studies have demonstrated density dependent regulation in 
several species of seabird, however wider representation of the strength and direction of these 
relationships is lacking. In this study, we quantify the strength of density dependent regulation of 
breeding success in different species and populations of seabirds, addressing the likely bias in our 
understanding of its prevalence due to under-reporting of insignificant relationships. and examine how 
PVA predictions differ using five different structures for describing density dependent regulation. To do 
this we use long-term count and breeding success data collected from 30 populations and eight species 
of seabird that breed in the UK. We found evidence of positive and negative density dependent 
regulation that varied in strength and direction within and between species. Applying these relationship 
coefficients to theoretical populations of our study species using a pre-existing seabird specific PVA tool 
will allow us to measure the effect of differing strengths and models of density dependence on resulting 
rates of population change. Understanding the ways in which density dependence can be modelled in 
PVA and how it influences outcomes will facilitate more accurate environmental impact assessments for 
seabirds, and improve confidence in PVA findings. 
 

G – Diet  

1A-G-27: Trophic niche variation throughout the year in the opportunistic Kelp Gull at different 

trophic scenarios in Patagonia, Argentina 
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Changes in foraging strategies throughout the year are key determinants of seabird population 
dynamics. However, due to seabird post-breeding dispersal, year-round trophic ecology studies rarely 
focus on individuals from known colonies. Using stable isotope analysis (δ15N, δ13C) of blood and primary 
feathers, we tested during 2012 the trophic niche variation throughout the year in Kelp Gulls Larus 
dominicanus from three colonies in Patagonia, Argentina, located in areas with different availability of 
anthropogenic food subsidies. Isotopic niche width, measured using multivariate ellipse-based metrics, 
was wider at all colonies during the non-breeding season, suggesting that during this period gulls forage 
on a greater variety of food sources possibly related to post-breeding dispersal, seasonal changes in 
food resources, and/or the relaxation of central place foraging. Individuals from the colony with year-
round availability of fisheries discards (Isla Vernaci) presented the lower isotopic niche width year-round 
compared to those from the other two colonies, one with discards only available during the breeding 
season (Punta Tombo) and the other with only open-air refuse dumps available all year-round (Punta 
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León). At Isla Vernaci, an abrupt expansion in niche width occurred later in the non-breeding season, 
after the start of a fisheries moratorium, suggesting that Kelp Gulls remained in nearby areas and partly 
associated to trawl fisheries between breeding events. Preliminary diet results indicate that most 
studied individuals from Isla Vernaci were feeding on demersal prey, only available from fisheries 
discards as Kelp Gulls are surface feeders. These results suggest that the availability of discards can 
greatly influence Kelp Gull foraging strategies and non-breeding movements, and that changes in niche 
metrics can be context dependent. Future studies should complement the assessment of niche 
variability with studies of diet composition throughout the year. 
 

1A-G-28: Sexual segregation in the diet of the dimorphic Imperial Cormorant breeding in northern 

Argentine Patagonia 
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Knowledge of sexual differences in diet composition is key to properly understand aspects of seabird life 
history, their role in marine food webs, and how human activities such as fisheries may differentially 
affect individuals of each sex. We assessed differences in diet composition between male and female 
Imperial Cormorants (<i>Leucocarbo atriceps</i>) breeding at Islas Blancas (44°46´S, 65°39´W), 
Argentina. Imperial cormorants show sexual size dimorphism, with males being 18% heavier than 
females. We obtained stomach samples through induced regurgitation from 60 adult individuals, 10 of 
each sex during three stages of the breeding cycle (incubation, small chicks and large chicks) in 2019. At 
least 11 and 28 prey taxa were recorded in stomach samples of males and females, respectively. 
Females consumed a greater diversity of prey species and a significantly higher number of prey items 
per stomach content. A two-way crossed analysis of similarities showed significant sex differences in 
diet composition in terms of numerical frequency along the breeding cycle. Males mainly consumed 
demersal species, with Argentine Red Shrimp Pleoticus muelleri (43.6%) and Argentine Hake Merluccius 
hubbsi (35.9%) being the main prey during incubation, and hake (>77%) the dominant prey during both 
chick rearing stages. Females preyed upon benthic species mostly inhabiting rocky reefs. Prey with 
higher representation in the diet in the three stages analyzed were the fishes Patagonotothen spp. 
(30.84%, 36.43% and 19.37%). Results show a clear sexual segregation in the diet of Imperial 
Cormorants, in agreement with studies in other dimorphic seabirds, and also suggest that sex 
differences reflect the spatial segregation in feeding behavior of male and female individuals. Males and 
females may be playing different roles in coastal food webs and may be differentially affected by coastal 
trawl fisheries as hake and shrimp are their main target species. 
 

1A-G-29: Geographical and temporal variation in the diet of Bank Cormorants Phalacrocorax neglectus 

in South Africa 

Authors: Bruce Dyer¹ 

¹Environmental Affairs 

Geographical and temporal variation in the diet of Bank Cormorants Phalacrocorax neglectus in South 
Africa BM Dyer1, J Cooper2, RJM Crawford1, RB Sherley3, S Somhlaba1, A Cockcroft1, L Upfold1, AB 
Makhado1,4 1 Department of Environment, Forestry and Fisheries, Cape Town 8000, South Africa 2 
Department of Botany and Zoology, Stellenbosch University, Matieland 7600, South Africa 3 
Environment and Sustainability Institute, University of Exeter, Penryn, Cornwall, United Kingdom 4 



213 
 

FitzPatrick Institute of African Ornithology, University of Cape Town, Rondebosch 7700, South Africa 
Abstract The Bank Cormorant Phalacrocorax neglectus is endemic to the Benguela upwelling ecosystem 
off southwest Africa and is classified as Endangered. It is thought that food scarcity, including a 
decreased abundance of West Coast rock lobster Jasus lalandii, was a major driver of the decrease, yet 
its diet in South Africa is poorly known. We collected 941 pellets regurgitated by Bank Cormorants at 18 
South African breeding colonies during 1975-1985 and 1,523 pellets at 17 colonies during 1995-2002. 
The species composition of the diet (% numbers) was significantly different between the two periods 
with widespread decreases in proportions of rock lobster in the west and of octopus and cuttlefish Sepia 
spp. at most localities. These taxa were replaced in the diet by fish, including Gobiidae and Clinidae. 
Pelagic goby Sufflogobius bibarbatus, an important prey of Bank Cormorants in Namibia, was absent 
from pellets collected in 1975- 1985 but common at northern localities from 1995-2002. Composition of 
the diet by frequency of occurrence was only determined for 1995-2002, when rock lobster was present 
in 67% of all samples collected, cuttlefish in 39% and Clinidae in 32%. From 1975-1985 and 1995-2002 
carapace lengths of rock lobsters eaten by Bank Cormorants averaged 56 mm (range 22-82 mm) and 50 
mm (range 22-75 mm), respectively, which compares to the minimum legal size of 75 mm for fisheries in 
South Africa. This energy-rich prey item was an important constituent of the diet in the winter breeding 
period. 
 

1A-G-30: Comparing the habitat use and foraging ecology of great black-backed and herring gulls 

Authors: Kimberly Lato¹, Eleanor Heywood¹, Richard Veit², Lesley Thorne¹ 
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While many members of the Larus genus have adapted to urban environments, the degree to which 
urban environments are utilized for foraging may vary greatly between species. To understand how the 
use of urban areas drives movement and foraging behavior in gulls, we compared differences in the 
habitat use and foraging ecology of herring gulls (Larus argentatus; HERG) and the lesser studied great 
black-backed gull (Larus marinus; GBBG). HERG are widely known to utilize urban environments, but 
evidence suggests that GBBG may primarily forage in marine environments. We collected data from a 
mixed-species breeding colony on Young's Island, NY, during the incubation period in spring 2019. We 
deployed GPS tags on 6 GBBG and 3 HERG with minimum and maximum deployment durations of 5 
and12 days, respectively. Locations of foraging behavior were identified as areas of restricted search 
(ARS) using First Passage Time (FPT) analysis. We found that the proportion of foraging points within 
urban environments was significantly lower for GBBG than for HERG (Wilcoxon, p=0.01962). Site fidelity 
and the average number of foraging trips per day were also significantly lower for GBBG than HERG 
(Wilcoxon, p=0.03887; p=0.0181). Our results exemplify the variation in urban adaptability that exists 
within the Larus genus and how urban vs. non-urban habitat use may influence foraging behavior. 
Ongoing work is using bulk stable isotope analyses of whole blood examining ẟ13C and ẟ15N values for 
tagged individuals to assess differences in isotopic signatures in relation to habitat use. Together, these 
analyses will provide further insight in to how habitat use and the use of urban environments impacts 
behavior, diet, and trophic ecology. 
 

I – Fisheries interactions  

1A-I-31: Scavenging seabirds and selective consumption of discards in a coastal shrimp trawl fishery in 

Patagonia, Argentina 

Authors: Cristian Marinao¹, Pablo Yorio² 
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Fishing activities provide marine scavengers with large quantities of fisheries discards, and this 
anthropogenic food subsidy has become a key component in the trophic ecology of seabirds worldwide. 
Seabirds determine through their selective consumption which components of the discard fraction are 
made available to scavenger organisms in the water column and on the seabed. We evaluated the 
selective consumption of discards by seabirds associated with a coastal fishery targeting Argentine Red 
Shrimp (Pleoticus muelleri) in Patagonia, Argentina. The fishery consisting of 42 vessels discarded a 
mean of 682 kg per haul (n = 113). A total of 65 species were discarded, and Argentine Hake (Merluccius 
hubbsi) (96% FO; 260 kg/haul) and Argentine Red Shrimp (100% FO; 195 kg/haul) dominated the discard 
fraction of the catch. The Kelp Gull (Larus dominicanus) and Black-browed Albatross (Thalassarche 
melanophris) were present in all hauls and were the most abundant of the seven seabird species 
scavenging behind vessels (171 ± 110 and 57 ± 52 individuals per haul, respectively) representing 
together more than 93.5% of birds in associated assemblages. A total of 29 prey items were 
experimentally discarded (n = 1392), nine of which were totally ignored. Ignored invertebrates included 
tunicates, which constitute a large fraction of discards (>100 kg/haul). Mean sizes of fish and 
invertebrates consumed were 22.5 ± 8.6 and 10.4 ± 7.8 cm, respectively. Kelp Gulls selected significantly 
smaller prey than Black-browed Albatrosses (16.3 ± 7.9 and 29.1 ± 8.1 cm, respectively; P<0.001), 
showing partitioning of prey resources. Results indicate that all discarded fish species, but not all sizes, 
were consumed by seabirds, and some of the most abundant discarded invertebrates were ignored. 
Thus, only a fraction of fish and mostly invertebrates would remain available for scavenging organisms in 
the water column and benthic habitats. 
 

1A-I-32: Seabird assemblage associated with pelagic longline fisheries off southern Brazil 

Authors: Gabriel Canani¹, Augusto Silva Costa¹, Tatiana S. Neves¹, Dimas Gianuca¹ 
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Interactions with fisheries have strong effects on seabird ecology, behaviour and demography. These 
effects may be direct or indirect, and either negative (e.g. bycatch, food depletion) or positive (e.g. food 
provisioning via discards and offal). Albatrosses and petrels are the most threatened group of seabirds 
and highly attracted to fishing vessels. Their high dispersion capacity results in interactions with fleets 
from several countries, including in the high seas. Strong interactions are expected where the overlap 
between fisheries and seabird foraging grounds is high, like in the Southwest Atlantic Ocean. Here, we 
described and quantified the assemblage of albatrosses and petrels attending pelagic longline (PLL) 
vessels off southern Brazil. Data was collected by on-board observers taken voluntarily by fishermen, 
totalizing 927 fishing sets (2002-2018), distributed between latitude 25º?36º S and longitude 53º?29º 
W. For each set, seabird censuses were conducted during hauling and environmental data was obtained. 
A total of 37 species of 15 genera were recorded attending PLL vessels, and abundance and species 
composition varied seasonally. Abundance was higher during austral Autumn/Winter, when 
Antarctic/Subantarctic and Tristan/Gough breeders accounted for 52% and 46% of the records, 
respectively, while during Spring/Summer, Antarctic/Subantarctic and Tristan/Gough breeders 
represented 23% and 74% of the abundance, respectively. Spectacled petrel and Atlantic Yellow-nosed 
Albatross were the two most frequent species in both seasons, and Spectacled petrels were also the 
most abundant taxa year-round, suggesting this area is important for both species during breeding and 
non-breeding periods. The second most abundant were Black-browed Albatross and Great Shearwater, 
for Autumn/Winter and Spring/Summer, respectively. The assemblage of albatrosses and petrels 
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associated with PLL fisheries off southern Brazil is rich, varies seasonally, and is largely dominated by 
Mid-South Atlantic and Subantarctic breeders and North Atlantic migrants, which are subject to both 
positive and negative effects of this interaction. 
 

1A-I-33: Interactions between seabirds and fisheries in Tunisia through fishermen surveys 

Authors: Intissar Thabet¹, Mohamed Salah Romdhane², Frida Ben Rais Lasram³ 

¹INAT/FST, ²INAT, ³Univ. Littoral Côte d’Opale, Univ. Lille, CNRS, UMR 8187, LOG, Laboratoire 

d’Océanologie et de Géosc 

Fisheries provide a major threat to many seabird species through their incidental capture in fishing 
gears. This bycatch generates adult mortality which is very impacting on seabird demographic dynamics 
and contributes to their dramatic decline, notably Procellariidae. In Tunisia, The Zembra Archipelago 
which is a national park and a biosphere reserve, hosts many seabird species including the largest 
population in the Mediterranean of Scopoli's Shearwater (Calonectris diomedea) as well as 2 species 
listed Vulnerable and Near Threatened on the IUCN Red List, the Yelkouan Shearwater (Puffinus 
yelkouan) and the Audouin Gull (Larus audouinii), respectively. However, fishing activities in waters 
around Zembra Archipelago are multi-specific and multi-gear. To date, no specific studies to assess the 
impact of these threats on its seabird populations have been conducted. Our study aims to highlight the 
interaction between fisheries and seabirds. Hence, we implemented surveys of 355 fishermen in 13 
ports and 8 aquaculture farms along the Tunisian coast. Information collected from Surveys was not 
quantitative but rather qualitative. The results showed that Gulls and Shearwaters are the most 
impacted seabirds, that the northern region of Tunisia is the most affected and that longlines followed 
by bottom trawlers are the most impacting fishing gears. The results of our surveys constitute the first 
basic data necessary for assessing and highlighting seabird-fishery interactions and seabird bycatch 
threat in Tunisia. However, to quantitatively estimate the bycatch and mortality rates of seabirds in 
fishing gears, collecting data through on-board observations remains necessary. To facilitate this 
operation, the establishment of lasting cooperation with the representative structures of fishermen 
remains important. This knowledge will later permit to take necessary management and conservation 
measures for the prosperity of seabird populations which their status is critical on a local or global scale 
and for which no data is available in Tunisia or in the Mediterranean southern shore. 

 

J – Foraging ecology  

1A-J-34: Evaluating the coexistence of Imperial Cormorant and Rock Shag through isotopic niches at 

different colonies in central Patagonia, Argentina 

Authors: Alejandro Gatto¹, Pablo Yorio¹ 

¹Centro Nacional Patagónico (CENPAT) – CONICET 

Following the competitive exclusion principle, two closely-related species living in sympatry can only 
coexist if ecological niche partitioning occurs. Throughout their distribution range, Imperial Cormorant 
(Leucocarbo atriceps) and Rock Shag (L. magellanicus) often breed in mixed-species colonies in 
Patagonia, Argentina. Isotopic niche assessment of both species was performed during two breeding 
seasons (2010/11 and 2011/12) in three different colonies were they breed syntopically. The three 
colonies, Isla Gran Robredo (45°07'54''S, 66°03'40''W), Isla Leones (45°03'28''S, 65°35'08''W), and Isla 
Viana (45°11'27''S, 63°23'50''W), are located within the 'Patagonia Austral Marine Park'. Whole blood 
samples were obtained simultaneously from breeding adults of both species during the early chick stage 
and used for stable isotope analysis. Isotopic niche was described by means of centroid analysis and 
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Bayesian ellipse-based metrics. The isotopic niche overlap between species was in general small or 
insignificant, suggesting niche partitioning, and the isotopic niche width in the different colonies and 
seasons was significantly smaller in the Imperial Cormorant than in the Rock Shag. However, the isotopic 
niche of the Imperial Cormorant in Isla Viana during the second study season was totally included in the 
isotopic niche of the Rock Shag, suggesting an important niche overlap. Results showed evidence that 
niche partitioning processes in these cormorants is context dependent. However, further studies are 
needed including independent measures of prey availability and niche evaluation at additional colonies 
where these species breed alone and with other cormorant species, considering that the 
metacommunity framework predicts that the combination of species in metapopulation contexts could 
be sometimes achieved through pairs of species with similar resource utilization. 
 

1A-J-35: Trophic segregation in Brown Booby (Sula leucogaster) drive by fishing activities in a coastal 

archipelago in the Southwestern Atlantic Ocean. 

Authors: Emília Valim¹, Arthur Bauer¹, Luciano Fischer¹, Patricia Mancini¹ 

¹Universidade Federal do Rio de Janeiro (UFRJ) 

Sexual size dimorphism in seabirds may reduce intraspecific food competition through the exploitation 
of different trophic niches by each sex. We tested the intraspecific trophic segregation between sexes of 
Brown Booby (Sula leucogaster) using stable isotopes (δ15N and δ13C) from whole blood and regurgitated 
prey. As females are larger and heavier than males, it is expected that females have a broader niche 
amplitude and higher trophic position compared to males, due to the consumption of a wider variety of 
prey sizes. The studied population of Brown Booby breeds in Santana Archipelago (SA), located 8 km 
from the coast of Macaé municipality, in north of Rio de Janeiro State, Brazil. Commercial fishing is 
conducted around the SA mainly by gillnets and bottom trawlers, which provides discards, as demersal 
fishes, generally inaccessible to birds. Expeditions to the SA occurred from June 2017 to May 2018. It 
were sampled 84 females and 56 males, and 54 regurgitates. Twenty-four species were identified from 
399 prey items. The Relative Importance Index indicated the pelagic Dogtooth herring (Chirocentrodon 
bleekerianus) as the most important prey for females and the demersal Stripped weakfish (Cynoscion 
guatucupa) for males. Demersal fishes were predominantly consumed than pelagic fishes along 
throughout the seasons, mainly during winter (85% of the diet), indicating the importance of the fishing 
activity in this seabird diet. δ15N and δ13C differed between sex in all seasons, mainly due the δ13C 
values, which indicates that females and males forage different proportions of demersal fishes, as 
showed by the regurgitates. Trophic position (δ15N) did not differ between sexes, indicating that birds 
may be consuming different prey with similar trophic position. Females had broader isotopic niche than 
males in all seasons. Brown Booby population from the Santana Archipelago is trophically segregated 
between sexes and fish discards are an important part of the seabird diet, which helps to promote the 
niche segregation. 
 

1A-J-36: Winter habitat associations of marine predators in the northern California Current 

Authors: Laura Bliss¹, Jeannette Zamon², Gail Davoren¹, Brad Hanson³, Dawn Noren³, Candice Emmons³, 

Marla Holt³ 

¹University of Manitoba, ²Northwest Fisheries Science Center, NOAA Fisheries, ³NOAA NMFS Northwest 

Fisheries Science Center 

Given a predator's imperfect knowledge of prey distribution, predators often use environmental or 
biological cues as proxies to increase the probability of encountering prey patches, especially under low 
productivity conditions. Predator-habitat associations can be used for many applications, such as 
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targeted surveys, distribution models, and marine spatial planning. However, little is known about 
habitat associations for seabirds and marine mammals during low productivity winter periods in 
temperate latitudes due to few winter at-sea surveys. In this study, we aimed to quantify marine 
predator assemblages and their habitat associations during the winter downwelling season (i.e. low 
productivity) of the northern California Current. Marine bird and mammal counts were continuously 
collected during systematic at-sea surveys during February-March in the northern California Current 
across four years (2006, 2008, 2009, and 2012). The ten most commonly sighted seabird species (e.g., 
piscivorous alcids, primarily common murres Uria aalge; planktivorous alcids, primarily cassin's auklet 
Ptychoramphus aleuticus), were binned by 1-km. As marine mammals were orders of magnitude less 
abundant than birds, we used all marine mammal sightings without binning. We examined seabird and 
marine mammal distributions in relation to seven in-situ and remotely-sensed habitat characteristics 
(e.g., depth, distance from shore, sea surface temperature). As survey data often do not meet the 
assumptions of parametric statistics and transformations can reduce precision, we used a non-
parametric multivariate analysis (e.g. canonical correspondence analysis (CCA)) to quantify species 
associations and habitat associations. Given the assumption that food resources are scarce during 
winter in the northern California Current because underlying primary production in winter is light-
limited, we predict that despite differences in foraging ecology, predators will show similar habitat 
associations. Results will begin to address a key knowledge gap in the northern California Current 
ecosystem function by identifying habitat features likely to be associated with prey patchiness and 
hence support energy flow to upper trophic levels during winter downwelling. 
 

1A-J-37: The foraging effort of the Wandering albatross (Diomedea exulans) during breeding and 

migration seasons 

Authors: Milena Cairo¹, Samantha Patrick¹, Henri Weimerskirch² 

¹University of Liverpool, ²Centre d'Etudes Biologiques de Chizé, CNRS;Université de La Rochelle 

Migration is common throughout the animal kingdom, while individuals often move to areas of high 
productivity, travelling long distances can be costly. Hence, the migration season can influence 
individual fitness as it is key in acquiring the energy required for reproduction. Recent studies have 
highlighted the important interaction between migration and breeding behaviour and identified so 
called ?carry-over? effects where behaviour in one period affects the behaviour in the other. In this 
study, we examine the foraging effort of Wandering albatrosses (Diomedea exulans) during migration 
and breeding to determine their effect on fitness. Using seven years of tracking data from a population 
on the Crozet Islands we examined the importance of age and sex on foraging effort (i.e. flight duration 
and take-offs). We found the foraging effort was greater for females and decreased with age. Past 
reproductive successes had an influence on the foraging effort during migration, which subsequently had 
an effect on the reproductive successes in the next breeding season. Birds with lower energetic costs 
before the breeding season were more successful breeders. Overall, the breeding season was more 
costly. This study highlights the importance of linking both seasons when trying to understand the life-
history of the wandering albatross. 
 

1A-J-39: Faithful nomads and flexible faithfulness: foraging behaviour of four sympatric albatross 

species in a dynamic environment 

Authors: Tegan Carpenter-Kling¹, Ryan Reisinger², Florian Orgeret¹, Maelle Connan¹, Pierre Pistorius¹ 

¹Marine Apex Predator Research Unit (MAPRU), Institute for Coastal and Marine Research, FitzPatrick I, 

²Centre d'Etudes Biologiques de Chizé, UMR 7372 du CNRS-La Rochelle Université 
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Seasonal and annual climate variation is linked to fluctuations in resource abundance and/or 
distribution. In adverse conditions, animals with flexible foraging behaviours are more likely to find 
enough of these resources to sustain both self-maintenance and reproduction. In light of rapid habitat 
changes due to global warming and habitat degradation, plasticity in foraging behaviour has important 
implications for population trajectories. Here, the foraging behaviour of four sub-Antarctic albatross 
species was investigated from 2015/16 to 2017/18, a period that was characterized by pronounced 
climatic variability. Over three breeding seasons on Marion Island, GPS dataloggers were deployed on 
incubating wandering (WA), grey-headed (GHA), sooty (SA) and light-mantled (LMA) albatrosses to track 
there at-sea distribution. The response of birds to environmental variability was investigated by 
quantifying changes in their foraging behaviour along two axes: spatial distribution, using kernel density 
analysis, and foraging habitat, using generalised additive models and Bayesian mixed models. Our 
results suggest that during incubation, the albatross species have different foraging strategies and levels 
behavioural flexibility when responding to environmental variability. The WA appear as foraging habitat 
generalist, with individuals foraging in different habitats during a foraging trip. In contrast, the three 
smaller albatrosses exhibited interannual differences in foraging habitats. The generalist habitat-use of 
the WAB and differential habitat use of the GHA, DMA and LMA suggests that these species might be 
resilient to predicted changes in climate. Future investigations of marine predator response to 
environmental variability are likely to benefit from coupling information on foraging behaviour with 
demographics. This will allow for better understanding of the link between behavioural plasticity and 
population responses. 
 

1A-J-40: Sustainable fisheries for seabirds: Defining prey density thresholds through a combination of 

bio-energetic modeling, bio-logging and an unmanned surface vessel 

Authors: Jonas Hentati Sundberg¹, Agnes Olin², Natalie Isaksson³, Tom Evans⁴, Per-Arvid Berglund⁵, Aron 

Hejdström⁶, Olof Olsson⁷ 

¹Swedish University of Agricultural Sciences, ²University of Strathclyde, ³University of the highlands and 

islands, ⁴Marine Scotland, ⁵Baltic Seabird Project & Swedish Museum of Natural History, ⁶Baltic Seabird 

Project, ⁷Stockholm University 

Seabirds and fisheries often compete for the similar pelagic resources, i.e. forage fish. Fisheries 
management, where present, normally focuses on maximizing long-term harvest (BMSY), which may or 
may not be compatible with conservation of fish-eating seabirds. We investigate the compatibility 
between different fisheries management targets and seabird productivity using a bio-energetic model 
that mechanistically links fish abundance with seabird foraging and energy expenditure. We 
parameterize the model for a large colony of common murres Uria aalge and razorbills Alca torda in the 
Baltic Sea (57° N, 17° E) and show that current fisheries management targets for their main prey, sprat 
Sprattus sprattus and herring Clupea harengus allows for further seabird population growth. This finding 
is consistent with observed increases in abundance of both species. We validate the model with regards 
to seabird-driven depletion of prey around the colony, using an unmanned surface vessel (USV) 
equipped with a broadband echo-sounder. The USV, a sailing drone remotely operated via satellite 
communication, was used for 40 days around the colony in 2019 with plans for re-deployment in April - 
July 2020. It provides continuous measurements of acoustic backscatter which is translated into area, 
time and depth specific biomass estimates for the forage fish. We discuss how USV technology in 
combination with seabird biologging and bio-energetic modelling can provide estimations of prey 
needed to sustain important seabird colonies, relevant to forage fish management. 
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1A-J-41: The foraging ecology of great black-backed gulls and their effect on seabird populations 

Authors: Samuel Langlois¹, Francis Daunt², Jared Wilson³, Nina O'Hanlon⁴, Elizabeth Masden⁴ 

¹University of the Highlands and Islands, ²Centre for Ecology and Hydrology, ³Marine Scotland Science, 

⁴Environmental Research Institute 

Quantifying the foraging ecology of seabirds is key to understanding the population dynamics of both 
predator and prey. Generalist populations can show wide within-population variation in their diet, 
whereby some individuals exploit a narrower trophic niche compared to the total niche of the 
population. Understanding the role of individual variation and specialisation within populations is 
challenging but it is valuable for improving our knowledge on population dynamics and predator-prey 
interactions. Great black-backed gulls, Larus marinus, are generalists, although wide variability in diet is 
found between individuals of the same population. They regularly include other seabirds in their diet 
and, occasionally, specialise on them. They can therefore negatively impact seabird populations, as 
previously demonstrated in Larus and Stercorarius species. Despite this, the foraging ecology of Great 
Black-backed Gulls has not been thoroughly studied. In this study we plan to use a multi-technique 
approach including bio-logging and biochemistry to quantify gull habitat use, foraging energetics, and 
diet. We are also exploring the effects of sex and age-class on these parameters. Lastly, we are building 
on previous research at the study colony on the Isle of May (south-east Scotland), which has shown that 
a proportion of gulls specialise on sympatrically breeding Atlantic puffins Fratercula arctica and 
European rabbit Oryctolagus cuniculus. We use these findings to improve our understanding of Great 
Black-backed Gull foraging ecology and potential impacts on prey populations. 
 

1A-J-42: The acoustic prey landscape of King Penguins breeding at South Georgia 

Authors: Camille Le Guen¹, Roland Proud¹, Richard Sherley², Akiko Kato³, Yan Ropert-Coudert³, Norman 

Ratcliffe⁴, John Arnould⁵, Adam Wyness¹, Simon Jarman⁶, Lars Boehme¹, Andrew Brierley¹ 

¹University of St Andrews, ²University of Exeter, ³Centre d'Etudes Biologiques de Chize, ⁴British Antarctic 

Survey, ⁵University of Deakin, ⁶University of Western Australia 

In the open ocean, mesopelagic fish (including myctophids), zooplankton and other animals migrate 
down from the surface to the mesopelagic zone (200-1000 m) at dawn to avoid visual predators during 
the day. There, they form layer-like aggregations known as Deep Scattering Layers (DSLs) that can be 
detected using echosounders. Myctophids are a major component of the DSL biomass and are both a 
potential resource for fisheries and a key trophic pathway for some antarctic predators such as King 
Penguins (Aptenodytes patagonicus). During the 2017 Antarctic Circumnavigation Expedition (ACE), 
predator-prey interactions were investigated by simultaneously monitoring DSL characteristics 
acoustically from the ACE ship (at 12.5 kHz), and penguins' foraging behaviour using bio-logging. We 
compiled a dataset of DSL depth and echo-intensity (proxy for biomass) along the circum-continental 
cruise track and obtained diet and diving behaviour data from chick-rearing King Penguins breeding at 
South Georgia. Results revealed that birds preferentially selected habitats with dense and shallow DSLs, 
where 'availability' of DSL components was supposedly high. However, dive depths were generally 
shallower than the DSL depth, suggesting that penguins did not feed on the layers themselves. Instead, 
they seem to feed on myctophid 'patches' that were observed acoustically during daytime and that may 
be associated with these layers. King Penguin faecal samples were also collected from the same colony 
for a diet study. The DNA analysis showed that Krefftichthys anderssoni was the most targeted species 
by chick-rearing individuals. We hypothesize that myctophid patches, which occurred at 100-150 m of 
depth, were primarily composed of K. anderssoni. Our findings improve our understanding of predator-
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prey interactions in the Southern Ocean and may inform ecosystem-based management and 
conservation before any large-scale exploitation of mesopelagic fish begins. 
 

1A-J-43: Interannual variation in Peruvian Booby (Sula variegata) foraging, assessed using GPS tracking 

and and stable isotope analysis 

Authors: Sara Wang¹, Carlos Zavalaga², Michael Polito¹ 

¹Louisiana State University, ²Universidad Científica del Sur 

Peruvian boobies (Sula variegata) experience inter-annual shifts in oceanic productivity due to El Niño 
Southern Oscillation (ENSO). Such changes in conditions affect foraging costs and prey availability, and 
subsequently, foraging behavior and diet. Breeding boobies are susceptible to localized scarcity and 
shifts in their prey's spatial distribution, although they can adjust, to an extent, through change in diet 
and/or higher foraging effort through longer travel distances to prey patches and increased trip 
durations. We used a combination of stable isotope analysis and GPS tracking to explore variation in 
Peruvian booby diet and foraging behaviors over two years at Isla Guañape Norte, Peru. We found 
differences in blood nitrogen (δ15N) and carbon (δ13C) stable isotope values between years with 
differing ENSO conditions, suggesting that boobies may have shifted their diets and habitat use, 
respectively. Specifically, δ15N values were higher in 2018 (14.8 ± 0.1?) compared to 2016 (12.5 ± 0.2?), 
which may indicate a diet of higher trophic level prey. The lower δ13C values in 2018 (-15.3 ± 0.3?) 
compared to 2016 (-14.9 ± 0.4?) may indicate increased foraging in nearshore habitats. Ongoing GPS 
analyses will examine if stable isotope values are correlated with shifts in the foraging effort of Peruvian 
boobies, as measured by parameters including trip duration, trip distance, number of foraging trips, 
commute time and other metrics. This research will provide a greater understanding of the degree of 
flexibility in diets and foraging effort, relative to changing environmental conditions, and aid in the 
management and conservation of Peruvian boobies. 
 

K – Miscellaneous  
1A-K-44: A comparison of GPS tracking and aerial surveys in identifying seabird hotspots at sea 

Authors: Mark Jessopp¹, Jamie Darby¹, Manon Clairbaux¹, John Quinn¹, Ashley Bennison¹, Steve 

Geelhoed², Helder Araujo³, Emer Rogan¹ 

¹University College Cork, ²Wageningen Marine Research, ³Action Air Environnement 

Declining seabird populations have prompted a growing interest in designating marine protected areas 
for seabirds, particularly during the breeding season when birds are under increased stress raising 
young. The identification of important marine areas for seabird conservation is often accomplished 
using either at-sea surveys or tracking data. At -sea surveys can sample wider seabird communities, but 
likely include non-breeders or commuting birds. Tracking studies enable identification of important 
foraging locations, but use a limited number of colonies and individuals to represent the wider 
population. Rarely have the two methods been compared. We undertook concurrent fine-scale aerial 
surveys and GPS tracking of Manx shearwaters (Puffinus puffinus) along the south coast of Ireland during 
the breeding season in June-July 2021. Aerial surveys recorded a wide range of Manx shearwater 
densities (0-280 individuals/km2, mean: 5.31 ± 20.16) with clear hotspots of density. Abundances 
exceeded breeding population estimates along the south coast, suggesting mixing from more distant 
colonies and non-breeders. Kernel densities of tracking data (80 tracks from 36 individuals) also showed 
hotspots of occurrence along the coast. The agreement between hotspot locations identified by the two 
methods revealed a significant correlation (Dutilleul's modified T-test, Pearson coefficient =0.26, 
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P=0.012). Our results suggest that despite differences in methodology and assumptions/limitations, 
there is broad agreement between methods, providing greater confidence in protected area 
designation. 
 

1A-K-45: Research trends and future perspectives of recreational fisheries in South America 

Authors: Francisco Zumpano¹, Sofía Copello¹, Marco Favero¹, Germán García¹ 

¹Instituto de Investigaciones Marinas y Costeras (IIMyC), UNMdP - CONICET, Rodriguez Peña 4046 Nivel 

Recreational fishing (RF) is a growing activity of great socioeconomic importance in many countries of 
South America, providing social, cultural, food, economic and other benefits, but also producing 
negative effects on the ecosystems. In spite of its importance, the effects of this activity on the 
ecosystems and their species have received little attention in the region. With the aim of better 
understanding current research trends in RFs of South America, we carried out a systematic analysis of 
published articles between 1995 and 2020 over Scholar Google, Scopus and SciELO in Spanish, English 
and Portuguese languages. The search used the following keywords: 'recreational fisheries', 
'recreational fishing', 'recreational angling', 'sport fishing', 'game fishing', 'non-commercial fishing', 
'angling', 'anglers' and 'South America'. Information contained in each of the 122 articles analyzed was 
categorized in four main areas according to issues addressed (environmental issues, target species, 
management and socioeconomic aspects). Fifty-five percent of articles addressed RFs in continental 
ecosystems, 43% in coastal-marine ecosystems and 2% in both environments. The number of articles 
increased substantially from 2005 onwards, being Brazil (69) and Argentina (36) dominant in the 
literature. Target species was the most frequent subject addressed in the studies (40%), followed by 
socioeconomic aspects (32%), environmental issues (22%) and management (6%) (x2=25.71, p<0.001), 
with no differences observed in studies done in marine and freshwater ecosystems (x2=4.71, p=0.19). 
Less than 7% of articles referred to negative interactions between seabirds and RFs, all of them from 
Argentine coastal-marine environments. Knowledge gaps and the application of ecosystem based 
management in RFs of South America is discussed. 
 

1A-K-46: The use of man-made structure as breeding site by black-legged kittiwake (Rissa tridactyla): a 

global overview and the case study of its southernmost urban colony at Boulogne-sur-Mer (France) 

Authors: Sylvain Dromzée¹, Sylvain Poisblaud¹ 

¹Groupe ornithologique et naturaliste du Nord - Pas-de-Calais (GON) 

The black-legged kittiwake (Rissa tridactyla) is a pelagic seabird species known to breed on cliffs in the 
northern hemisphere. This species is categorized as Vulnerable on the IUCN Red List and its global 
population is considered declining on its whole breeding range. As a pelagic seabird, its populations do 
not rely on landfills or on any human originated waste like some related gull species do. Nevertheless, 
some black-legged kittiwake (BLK) colonies have established on artificial grounds like urban areas, 
industrial buildings, and other various types of man-made structures. We first summarized the various 
cases of nesting recorded on such structures across the BLK's breeding range. Then we focused on the 
southernmost urban colony known for this species, established at Boulogne-sur-mer in France. We 
characterized this urban colony in relation to the population dynamics of the closest colony located in 
natural habitat and the artificial habitat features in terms of exposure, ledges dimensions, elevation and 
distance to the shore. We also investigated the challenges this colony has to face in relation to human 
activities. Indeed, the establishment of BLK colonies on man-made structures often lead to conflictual 
interactions and human actions to deter the breeders. We explored how the various sub-colonies 
respond to nest removal resulting from building demolition or renovation which occurred during the 
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nonbreeding season. We discussed the outcomes of mitigation measures implemented with regard to 
both urban area management and BLK population dynamics. Finally, we stress the need to turn this 
conflictual context into a rare opportunity for effective seabird conservation perspectives. 
 

1A-K-47: Multi-species colonies within the same archipelago: facing environmental challenges in 

different ways 

Authors: Patricia Serafini¹, Guilherme Nunes², Marcio Efe³, Lucas Lage¹, Lucas Penna¹, Ricardo Krul⁴, 

Maria Bernadete Barbosa¹, Barbara Figueiredo¹, Thayná Mello¹, Ricardo Araújo¹, Fernando Repinaldo¹, 

Priscilla Amaral¹, Camila Gomes¹, Leandro Bugoni⁵ 

¹ICMBio, ²UFRGS, ³UFAL, ⁴Tríade, ⁵FURG 

About 38% of the seabird species recognized globally occurs in Brazil as breeders, migrants or vagrants. 
In Brazil, 14 seabird species breed at the following archipelagos: Fernando de Noronha, São Pedro and 
São Paulo, Trindade and Martin Vaz, Abrolhos; and Atol das Rocas. Nevertheless, until recently, 
information of seabirds in these islands was limited to a list of species and occasional observations. The 
lack of robust population estimates was highlighted when the need to determine long-term trends and 
population dynamics arose. In 2009 the Brazil's National Center for Wild Bird Conservation and Research 
(ICMBio/CEMAVE) and partners started surveying seabirds population numbers more consistently, 
establishing conditions for a long term monitoring program. Population numbers for all seabird species 
that breed on Fernando de Noronha and Abrolhos archipelagos have been monitored using 
standardized census techniques, making a powerful tool to evaluate and identify key ecological 
processes and responses to local threats, as the rodent invasive species presence on both. Although 
decreasing population trends have been detected for the past decade to Audubon's Shearwater and 
Brown Booby. Stable trends have been observed for Red-billed Tropicbird, White-tailed Tropicbird, Red-
footed Booby, and for White Tern. Masked Booby, Magnificent Frigatebird, Black Noddy, Brown Noddy 
and Sooty Tern presented overall increasing trends on population numbers within the monitored 
colonies. Instead of working with one species in a multi-colony/multi-population approach, focus was 
given to undertake multi-species demographic studies at multiple colonies within the same site. In the 
future, combined analysis of different strategies and ecological features of different seabird species 
sharing the same island will have the power to better guide decision-making within protected areas, 
trying to minimize future population impacts and subsidize management strategies. 
 

1A-K-48: Automated monitoring of seabird energetics 

Authors: Grant Humphries¹, Richard Podolsky², Bento Goncalves³, Ambarish Ganguly⁴, Jonas Sundberg⁵ 

¹HiDef Aerial Surveying Ltd., ²Ecology and Technology, ³Stony Brook University, ⁴Unaffiliated, ⁵Swedish 

University of Agricultural Sciences 

Artificial intelligence (AI) algorithms offer a variety of new ways forward with respect to collecting 
important ecological data. In the past, gathering fine-scale information about behaviours of seabirds at 
colonies could only be performed through huge amounts of manual observations. This meant that 
biologists were required to put themselves in potentially unsafe and highly uncomfortable conditions for 
extended periods of time. However, cameras have become cheap to use and AI has advanced to a point 
where we can monitor specific events. At the colony, seabirds engage in many low energy activities (e.g., 
jostling, shuffling, fighting, copulating, feeding, flapping), and these behaviours are not often monitored. 
Using video cameras and AI, we are able to monitor energy expenditure at the colony for individual 
birds, or for groups. Combining this with meteorological data allows us to further test if weather or 
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climate conditions lead to changes in energetics. For this case example we use cameras deployed at 
stora karlsö, looking at common murre (Uria aalge). 
 

1A-K-49: Gull predation and kleptoparasitism on breeding Atlantic Puffins (Fratercula arctica) under 

varying forage fish availability 

Authors: Gibson Rieger¹, Gail Davoren¹ 

¹University of Manitoba 

Varying prey availability influences species interactions, driving changes in the foraging behaviour and 

dietary composition of predators. Migratory forage fish species act as a pulsed prey resource for marine 

predators and can cause changes in interactions among seabird species while aggregated within foraging 

ranges of multi-species breeding colonies. Capelin (Mallotus villosus) is a keystone forage fish species in 

the northwest Atlantic, which migrates annually from offshore regions to spawn in coastal 

Newfoundland, resulting in a large increase in inshore prey biomass during the breeding season of 

multiple seabird species. Our objective was to investigate changes in gull predation and kleptoparasitism 

on Atlantic Puffins (Fratercula arctica) under varying capelin availability throughout the breeding season 

on the northeast Newfoundland coast. Focal behavioural observations of individual Great Black-backed 

(Larus marinus) and Herring Gulls (Larus argentatus) along with instantaneous scan samples of species-

specific gull presence and behaviour within the puffin colony yielded few direct observations of gull 

predation or kleptoparasitic attacks on puffins. However, a higher number of gulls and a higher 

proportion of gulls exhibiting aggressive behaviours were observed in the puffin colony after capelin 

availability decreased post-spawning, suggesting a higher risk of predation and kleptoparasitism on 

puffins. In support, standardized colony-based carcass surveys revealed an increase in puffin adult and 

chick carcasses late in the breeding season, as puffin chicks became more available during fledging and 

capelin availability decreased post-spawning. Determining the impact of gull predation on Atlantic 

Puffins under varying capelin availability will inform appropriate fisheries and gull management 

strategies for the protection of this globally threatened alcid. 

1A-K-50: A summary of seabird social attraction projects utilizing Mad River Decoys and Murremaid 

Music Boxes 

Authors: Susan Schubel¹, Stephen Kress¹, Donald Lyons¹ 

¹Audubon Seabird Restoration Program 

Social Attraction has become an important tool for seabird conservation worldwide. Pioneered in 1977 
in Maine, USA, this method uses the sights and sounds of thriving seabird colonies to attract birds to 
quality habitat. Since the success of puffin and tern restoration in Maine, over 47 species have been 
lured to more than 116 favorable sites in 14 countries. Multiple species from the families Spheniscidae, 
Diomedeidae, Procellariidae, Hydrobatidae, Pelecanoididae, Sulidae, Phalacrocoraciidae, Laridae, and 
Alcidae, have responded to decoys, mirrors, sounds, and other social cues to nest in safe places. Decoys 
are made from a variety of materials including wood, plastic, concrete, and fiberglass, with various 
degrees of realism. Auditory cues have most often been provided by solar-recharged sound systems 
which play 24/7, nocturnally, or at prescribed intervals throughout the breeding season. Two formerly 
distinct, but now aligned, conservation-minded enterprises have emerged to supply materials for social 
attraction projects around the world. Mad River Decoys (now Mad River Decoy by Audubon-MRDA) and 
Murremaid Music Boxes (MMB) have provided equipment for projects targeting 35 species in 10 
countries (18 states and 4 territories in USA). New MRDA and MMB efforts include roto-molded decoys 
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manufactured from 100% recycled plastic, remotely controlled sound system activation/deactivation, 
and remote auditory and visual monitoring of restoration efforts. 
 

L – Physiology  

1A-L-51: Tourism at Martillo Island, Tierra del Fuego (Argentina): are Magellanic penguins (Spheniscus 

magellanicus) feeling it? 

Authors: Sabrina Harris¹, Gabriela Scioscia¹, Andrea Raya Rey¹ 

¹CADIC-CONICET 

Wildlife tourism is increasing all over the world, and its effects may be detrimental to the species 
involved. Negative effects of human visitation on seabirds may be worse at particularly stressful life 
stages such as breeding. The current study took place at Martillo Island, Argentina, where approximately 
4000 pairs of Magellanic penguins (Spheniscus magellanicus) breed every year. Two groups were 
defined: individuals nesting within 20 meters of the tourist trail (n=27) and individuals not breeding 
within sight of the tourists (n=54). Breeding adults were sampled during egg incubation 
(September/October 2017, n=31) and chick rearing in two distinct years with (2017) and without 
tourism visitation in 2020 due to the global pandemic (December 2017/January 2017 and January 2020, 
n=50). A drop of blood was extracted from the tarsal vein and blood smears were made. Smears were 
fixed with alcohol 70% and dyed with Giemsa stain. Leucocyte types (lymphocytes, heterophils, 
eosinophils, basophils and neutrophils) were identified under optical microscope at x1000. Percentage 
of each cell type was estimated as well as the eosinophil/lymphocyte (E/L) and heterophil/lymphocyte 
(H/L) ratio as a proxy of immune response to parasites and long-term stress, respectively. For 2017, 
GLMs were generated with factor (tourism vs. no tourism) and stage (incubation or chick rearing) as 
fixed effects. Tourism had an effect on all values: higher percentage of heterophils (t=3.18, p<0.05), 
eosinophils (t=2.76, p<0.05) and heterophil/lymphocyte (t=4.22, p<0.05) and eosinophil/lymphocyte 
ratios (t=3.45, p<0.05) and lower lymphocyte counts (t= 4.12, p<0.05) than in areas not visited by 
tourists with no differences between stages (incubation or chick rearing). In 2020, however, there were 
no differences in physiological parameters between birds nesting in areas usually visited vs. not visited 
by tourists (percentage of heterophils (t=0.96, p=0.34), eosinophils (t=1.00, p=0.32) and lymphocyte 
counts (t= 0.87, p=0.39), and H/L (t=0.56, p=0.58) and E/L ratios (t=1.07, p=0.29). These results are 
preliminary as a larger sample is needed over a more extended period of time. However, there seem to 
be differences in physiological parameters of individuals exposed or not tourism and these effects are 
reverted once tourism does not occur. In view of these results, questions rise as to the consequences of 
growing tourism on the Magellanic penguin colony at Martillo Island. 
 

1A-L-52: Huffin' and puffin: seabirds use large bills to dissipate heat from energetically demanding 

flight 

Authors: Hannes Schraft¹, Kyle Elliott², Shannon Whelan² 

¹Université du Québec à Montréal, ²McGill University 

Endothermic animals regulate body temperature by balancing metabolic heat production and heat 
exchange with the environment. Heat dissipation is especially important during and immediately after 
demanding activities such as flapping flight, the most energetically expensive mode of locomotion. As 
uninsulated appendages, bird bills present a potential avenue for efficient heat dissipation. Puffins 
possess large bills and are members of the bird family with the highest known flight cost. Here, we used 
infrared thermography to test whether wild tufted puffins (Fratercula cirrhata) use their bills to dissipate 
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excess heat after energetically-expensive flight. Both bill surface temperature and the proportion of 
total heat exchange occurring at the bill decreased with time since landing, suggesting that bills are used 
to dissipate excess metabolic heat. We propose that bill size in puffins may be shaped by opposing 
selective pressures that include dissipating heat after flight and conserving heat in cold air and water 
temperatures. 
 

1A-L-53: Quantifying inter-population variation in foraging niche flexibility to estimate resiliency to 

climate change in an arctic seabird 

Authors: Kyle Parkinson¹, Holly Hennin², Jerome Fort³, Keith Hobson⁴, H. Grant Gilchrist², Johannis 

Danielsen⁵, Sveinn Are Hanssen⁶, Jón Einar Jónsson⁷, Christopher Latty⁸, Mark Mallory⁹, Børge Moe⁶, 

Grigori Tertitski¹⁰, Nigel Hussey¹, Oliver Love¹ 

¹University of Windsor, ²Environment and Climate Change Canada, ³Littoral Environnement et Sociétés, 

⁴Western University, ⁵Faroese Marine Research Institute, ⁶Norwegian Institute for Nature Research, 

⁷University of Iceland's Research Center at Snæfellsnes, ⁸U.S. Fish and Wildlife Service, ⁹Acadia 

University, ¹⁰Russian Academy of Sciences  

Human-induced climate change poses significant threats to organisms and ecosystems worldwide, with 
amplified rates of change in polar regions. Arctic species in particular have life-histories that are 
evolutionarily adapted to be responsive to certain levels of environmental variation and stochasticity, 
such as environmentally-driven variability in resource abundance. Nonetheless, the ability to estimate 
whether Arctic species or populations will be able to persist in the face of increased environmental 
variation is widely unknown. Niche foraging theory predicts that a generalist foraging strategy allows 
organisms to be more flexible in their resource acquisition decisions, which is expected to be highly 
advantageous under rapid environmental change. Internationally, seabirds are one of the most at-risk 
groups of organisms, with many Arctic species appearing to lag in keeping pace with climate change. 
Here, we use common eider (Somateria mollissima), a circumpolar seabird, as a model organism to 
investigate inter-colony foraging niche variation, and how colony-specific environmental conditions may 
explain this variation. Utilizing a diverse international collaborative team, we collected blood samples 
from nine eider breeding colonies to measure the degree of inter-colony isotopic variation and trophic 
position. We found that isotopic characteristics vary significantly across their international range, with 
multiple trophic levels being estimated. Interestingly, we found no relationship between sea surface 
temperature (SST) and isotopic niche. Although variation in SST has been shown to have strong 
relationships with eider physiology and overall energetic management at the intra-population scale, at 
the inter-population scale there may be complex influences of environmental variation on foraging 
niches. This study is the one of the few to examine inter-population flexibility in isotopic niches across 
more than 5 populations which estimates species' resiliency to the effects of climate change. Our results 
suggest that eiders have a high capacity for change, however, certain colonies may have greater 
resiliency than others. 
 

1A-L-54: Physiological and developmental impacts of heterothermy on Wilson's storm-petrel chicks 

Authors: Nadja Kuepper¹, Christina Bauch², Gábor Czirják³, Marcela Libertelli⁴, Petra Quillfeldt¹ 

¹Justus Liebig University of Giessen, ²University of Groningen, ³Leibniz Institute for Zoo and Wildlife 

Research, ⁴Instituto Antártico Argentino 

Wilson's storm-petrels (Oceanites oceanicus) are the smallest seabirds breeding in Antarctica, where 
events like snowstorms often prevent parents from providing food daily for their offspring. To survive 
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such times of limited food supply Wilson's storm-petrel chicks can minimize their energy expenses by 
heterothermy: reducing their metabolism and body temperature. As heterothermy is reported to impact 
development, time spent hypotherm could have negative impacts for their future lives. A proposed 
consequence is that chicks are forced to fledge in poorer body conditions because of decreased time for 
development. Here we show the first results of our study of heterothermy and its consequences in a 
breeding colony of Wilson's storm-petrels at King George Island, Antarctic Peninsula. We investigated 
the impact of hypothermia on different parameters concerning chick development like blood fat values, 
immunology, telomere shortening, and growth. Triglyceride plasma values fell with increasing time 
spent at colder body temperatures within the last days before sampling. However, immune response to 
a phytohaemagglutinin test were not different in chicks that experienced more frequent hypothermic 
events than those that always maintained a constant body temperature. As snowfall is predicted to 
increase on the Antarctic Peninsula due to climate change, the use of heterothermy may ensure chick 
survival during continuous events of food limitation. The impact of heterothermy on their development 
and survival may hence become of high importance on the long term for the well-being of colonies 
breeding in this area. 
 

M – Pollution   

1A-M-55: Foraging area rather than trophic level explains mercury concentration in Patagonian 

rockhopper penguin colonies 

Authors: Nicolas Lois¹, Ulises Balza², Samanta Dodino², Michael Polito³, Klemens Pütz⁴, Rebecka Brasso⁵, 

Andrea Raya Rey² 

¹Universidad de Buenos Aires, ²CONICET - Centro Austral de Investigaciones Cientificas, ³Louisiana State 

University, ⁴Antarctic Research Trust, ⁵Weber State University 

Mercury (Hg) is a widely available pollutant in the world's oceans. Its distribution is far from 
homogenous showing vertical stratification in the water column as well as spatial heterogeneity within 
and among ocean basins. In the Southern Ocean, penguins are considered effective indicators of Hg in 
the marine food web because of their relatively high trophic level, vagility combined with discrete and 
rather accessible reproductive grounds and their unusual feather molting pattern allowing for specific 
time-integrated sampling. Previous studies have shown elevated Hg concentrations in the South 
Western Atlantic Ocean. To provide further insights on regional variation in Hg prevalence within this 
basin we measured Hg concentration and carbon and nitrogen stable isotope composition in feathers of 
southern rockhopper penguins (Eudyptes chrysocome). Rockhopper penguins present population 
genetic structure in this area and different foraging areas for each genetic cluster. The northern genetic 
cluster forages at a higher trophic position, but yielded a two- to three-fold lower Hg concentration than 
the southern one. Interestingly, all adults from the southern cluster exceed the feather toxicity 
threshold of 5 μg/g. Previous studies also show that the Northern Patagonian Shelf presents lower 
concentrations compared to southernmost South America, which implies a recurring pattern rather than 
a particularity. This implies a different vulnerability due to the exposure to Hg for each cluster, but 
especially for predators feeding on rockhoppers, i.e. marine top predators, gulls and caracaras. Southern 
colonies could therefore serve as a model to investigate adverse effects of Hg contamination on 
penguins and downstream in their food webs. 
 

1A-M-56: Blood mercury concentration is related to body condition, breeding success and trophic 

ecology in Brown Skuas (Stercorarius antarcticus) 

Authors: Andrés Ibañez¹, William Mills², Paco Bustamante³, Lara Morales⁴, Diego Torres⁴, Facundo 
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Palacio⁴, Nadia Haidr¹, Rocío Mariano-Jelicich⁵, Richard Phillips⁶, Diego Montalti⁴ 

¹La Plata Museum, ²University of Exeter/British Antarctic Survey, ³CNRS-La Rochelle Université, ⁴La Plata 

Museum (FCNyM-UNLP), ⁵UNMdP-CONICET, Universidad Nacional de Mar del Plata, ⁶Cambridge 

University 

Mercury (Hg) is a pervasive environmental pollutant that affects seabirds´ physiology with short- and 
long-term fitness consequences. Brown Skuas (Stercorarius antarcticus) are opportunistic top predators 
and scavengers, and therefore are effective bioindicators of contamination. We measured total mercury 
(THg) concentration and the stable isotopes of carbon (δ13C, a proxy of feeding habitat) and nitrogen 
(δ15N, a proxy of trophic position/diet) in blood from breeding adult Brown Skuas at Esperanza/Hope 
Bay (Antarctic Peninsula) (N=49). The aim of the study was to evaluate the influence of individual traits 
(body condition and sex) and foraging ecology (δ13C and δ15N values) on Hg exposure, and to determine 
the relationship between THg concentration with body condition and breeding success. We fitted 
general linear models, and the most parsimonious model included sex, sampling date, breeding season, 
body condition and δ15N as variables. Mean ± SD THg concentration in blood was 0.82±0.36 µg g-1dw, 
and was higher in males (N=25, 0.89±0.38 µg g-1dw) than in females (N=24, 0.75±0.33 µg g-1dw). Adults 
with higher THg showed lower body condition, and in females, also lower breeding success. In addition, 
a positive association was observed between THg concentration and δ15N reflecting bioaccumulation 
from prey. Males showed higher THg loads than females, probably because females can deposit Hg in 
eggs, which may explain why females with higher THg were less likely to fledge chicks. Together, these 
results indicate that Hg has deleterious effects on reproduction in adult skuas, with potential long-term 
repercussions at the population level. 
 

1A-M-57: Ventral feathers contained the highest mercury level in brown bobby (Sula leucogaster), a 

pantropical seabird species 

Authors: Gabriel Bighetti¹, Janeide Padilha¹, Larissa Cunha¹, Olaf Malm¹, Patrícia Mancini¹ 

¹Federal University of Rio de Janeiro 

Seabirds are extensively used as environmental biomonitors and feathers are among the most analyzed 
matrices because they are one of the main excretory pathways to detoxify the bird's body of 
environmental contaminants. Still, there is a variation in contamination level between the different 
feathers of seabird species, driven by diet and physiology, such as molt strategy and feather formation 
sequence. We measured total mercury (THg) concentration in different types of feathers (wing, tail, 
ventral and dorsal) of the same individual in adults and juveniles of brown boobies (Sula leucogaster) 
from the northern coast of Rio de Janeiro state, Brazil. Brown booby adults and juveniles had higher THg 
concentration (µg.g-1 d.w.) in wing and ventral feathers compared to dorsal and tail feathers. This 
difference may be explained by the fact that feathers grow in a specific sequence during molts leading 
to different THg concentrations in each type of feather. Additionally, juveniles had significantly lower 
concentrations of THg than adults in all feather types, which may be explained by the shorter life span, 
leading to less time to bioaccumulate Hg in their body. It is essential to choose carefully which feather 
type is more suitable to be used as a biomonitor of THg contamination in a particular species. For brown 
boobies, we suggest the use of ventral feathers, which represent the highest Hg concentration, are easy 
to sample and do not impair the seabird's flight ability. 
 

1A-M-58: Are microplastics accumulating in the foodweb of the endangered Galápagos Penguin, 

Spheniscus mendiculus? Modelling microplastics bioaccumulation and biomagnification potential in 
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the Galápagos Archipelago 

Authors: Karly McMullen¹, Juan Jose Alava¹ 

¹The University of British Columbia 

Microplastics (MP, <5mm) have emerged as significant, ubiquitous marine contaminants; due to their 
size and persistent nature, MP are ingested by a variety of marine species. Studies have revealed MP 
transfer between low trophic levels, but few have (1) modelled the bioaccumulation potential of MP 
across foodwebs, and (2) investigated model accuracy using in situ data. Likewise, few studies have 
focused on MP pollution in tropical regions; MP have reached the historically significant UNESCO-World 
Heritage site, Galápagos Islands, and the implications for the endemic species inhabiting these islands 
remain underexplored. The endangered Galápagos Penguin (Spheniscus mendiculus), the only penguin 
species north of the equator, has received little attention in terms of anthropogenic impacts and is the 
subject of interest given the role of seabirds as sentinel species for plastic pollution. This work reveals 
Phase 1 data: modelling bioaccumulation potential of MP (in grams of MP/kg of biomass) across the 
Galápagos Penguins' foodweb by developing an Ecopath and Ecosim (EwE) trophic dynamic-ecosystem 
model focused on the Galápagos Penguin. MP concentrations empirically reported for Galápagos' waters 
in previous studies were entered into the EwE model using the Ecotracer (contaminant tracing) routine. 
A simulation period of 100 years was assessed including varying levels of MP water concentrations and 
fecal elimination rates of MP. The trophic magnification factor (TMF) was calculated using the model. 
The resulting TMF was compared against other Ecotracer runs in existing EwE models available through 
Ecospace, including Galápagos' Darwin, Wolf, and Floreana Islands. Preliminary outcomes show that 
while low MP concentrations were predicted in seabirds, ranging 1.5x10-5 to 9.6x10-5 g/kg, statistically 
significant TMF values ranged from 4.7 to 23.8, indicating potential biomagnification. Phase 2 involves 
collecting and comparing modelled findings to empirically gathered data on ingested MP in Galápagos 
Penguin scats and prey. 
 

1A-M-59: Changes in plastic ingestion over the breeding season: do yellow-legged gulls (Larus 

michahellis) adjust foraging habits for chick provisioning? 

Authors: Florence Droguet¹, Carole Leray², Alexandra ter Halle³, Marion Vittecoq², Jennifer Provencher⁴, 

Karen McCoy¹ 

¹University of Montpellier CNRS IRD, Centre IRD, ²Tour du Valat, Research Institute for the Conservation 

of Mediterranean Wetlands, ³UMR 5623 CNRS - University of Toulouse III Paul Sabatier, ⁴Environment 

and Climate Change Canada, National Wildlife Research Centre 

Over the last few decades, anthropogenic debris, and particularly plastics, have become a major threat 
for the environment and biodiversity. Over 200 seabird species have been recorded to interact directly 
with plastics, leading to reductions in survival and/or breeding rates, and consequently representing a 
major conservation concern. Breeding birds are known to adjust prey quality over the breeding season 
in order to provide higher quality food for chick provisioning. Nevertheless, it is unclear what this means 
with respect to the use of anthropogenic food sources used by seabirds. Over the 2020 breeding season, 
regurgitated pellets, or boluses (n=143), from yellow-legged gulls (Larus michahellis) were collected 
from a series of nests at Carteau colony in the Gulf of Fos, Camargue, France. 85% (n=121) contained at 
least one plastic. The most abundant plastic type was sheet plastic, mainly composed of polyethylene 
and used in food packagings. There was a significant decrease in the number of boluses containing 
plastics between pre-hatching and post hatching (respectively 84% and 75%). The number of collected 
boluses also declined between these two periods (respectively n=82 and n=61). These results suggest 
that gulls may indeed adjust their foraging habits to provide more digestible food to chicks. However, 
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we found high variability among the followed nests in the number of recovered boluses, and a large 
majority of regurgitates still contained anthropogenic items post-hatching. As yellow-legged gulls are 
known to specialize on particular food sources, landfill specialist birds may continue to use these food 
items during chick rearing despite their potential risk for chick growth and survival. More detailed 
surveys will now be required to test whether these birds are nonetheless able to select different types 
of anthropogenic items to maximize reproductive success. 
 

1A-M-60: Marine Debris Entanglement and Ingestion of Coastal Birds Admitted to SANCCOB 2008- 

2018 

Authors: Kyle Maurer¹, Katta Ludynia¹, Albert Snyman¹ 

¹SANCCOB 

For the past half century anthropogenic and non-biodegradable materials known collectively as marine 
debris have been tainting the worlds pelagic and coastal waters in an ever increasing manner. Marine 
debris impacts at least 267 species, including 44% of seabird species with entanglement and ingestion 
representing the most frequent of consequences. The Southern African Foundation for the Conservation 
of Coastal Birds (SANCCOB) has operated a facility in Cape Town since 1968 which rehabilitates sick, 
injured and oiled seabirds. SANCCOB treats more than 1000 endangered African penguins 
(<I>Spheniscus demersus</I>) annually together with a diversity of mostly coastal seabirds including 
three other endangered Benguela endemics. Seabirds are regarded as bioindicators of the marine 
environment and have been used to understand patterns in particulate debris levels in the oceans. 
SANCCOB provides an ideal environment to assess the extent of entanglement and ingestion on seabirds 
along South Africa's coastline. The study focusses on seabirds admitted to SANCCOB in Cape Town that 
have been affected by entanglement and ingestion by anthropogenic debris over the past decade. This 
allows for a better understanding of spatial and temporal trends in entanglement and ingestion as well 
as bird species most affected. The study helps to identify hotspots and possible sources of coastal 
pollution which assists in improving effective management interventions and coastal policies to reduce 
marine debris along our coastline. The number of seabirds admitted to SANCCOB with debris related 
injuries has increased each year from 2013 to 2018. Kelp gulls (<I>Larus dominicanus</I>), Hartlaub's 
gulls (<I>Chroicocephalus hartlaubii</I>) and African penguins were most frequently affected. Ingestion 
of debris was seen in 51% of cases and entanglement 44%. Entanglement most commonly caused leg 
and wing injuries and ingestion, gastric complications. 
 

N- Surveys  

1A-N-62: Species distribution models accurately predict the breeding distribution of three burrow-

nesting seabird species 

Authors: Gavin Arneill¹, Eimear Tuohy¹, Chris Perrins², Matt Wood³, Katie Costello¹, John Quinn¹, Mark 

Jessopp¹ 

¹University College Cork, ²University of Oxford, ³University of Gloucestershire 

Species distribution models (SDM) can provide valuable insight into the relationship between species' 
distributions with environmental gradients, especially for species with cryptic distributions. In turn this 
helps to identify key habitats, which is essential for a variety of management activities directed towards 
the conservation of vulnerable populations. We combined fine-scale data from population census 
surveys, habitat assessments and digital elevation models to produce ensemble SDMs for three burrow-
nesting seabirds, which are difficult to census: Manx shearwater (Puffinus puffinus), Atlantic puffin 
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(Fratercula arctica) and European storm petrel (Hydrobates pelagicus). Ensemble models combined 
classification tree analysis, flexible discriminant analysis, generalised linear models, and multivariate 
adaptive regression splines to identify important predictor variables for each species. The predictive 
accuracy of constructed models was determined using cross validation, data-split training, and Area 
under curve evaluation metrics. Accuracy was high across all models, but ensemble models performed 
better than all single-algorithm models for each species. Habitat type was one of the most important 
predictor variables for all species. Predictive topographical variables varied slightly across species, with 
elevation, slope and distance from the coast in general contributing the most across the ensemble 
models. While SDMs are typically applied over large spatial scales of continuous habitat, we show that 
they can be equally applied on a smaller scale to a range of habitat fragments, in this case, islands. The 
accuracy of the ensemble SDMs suggests that this is a robust methodology for predicting the breeding 
distribution of difficult to census species, such as these species that nest out of sight underground, and 
will aid in the prioritisation of management and census efforts. 
 

1A-N-63: Global best practices for collecting biological data from digital aerial stills surveys to aid 

assessment of potential impacts of Marine renewables on seabirds. 

Authors: Stephanie McGovern¹, Stuart Clough¹, Laura Jervis¹ 

¹APEM Ltd 

Digital aerial stills surveys for seabirds have developed rapidly over recent years in line with advances in 
technology, and greater knowledge of how the data will be supplied and used.  Many of these 
developments have been instigated to meet the needs of the marine renewable energy industry to 
allow assessment of potential impacts, driven by the requirement for advancement in the knowledge 
base for both developers and conservation bodies.   Our paper will discuss best practices from projects 
in UK, Europe, USA, Vietnam and Australia, and will cover both acquisition, data presentation and 
interpretation. Moreover, the paper will look at the differences in survey design and how these are 
employed in different situations, including wide area surveys, baseline studies to inform permitting, 
post-consent (pre-, during and post-construction) studies, as well as custom designs to answer specific 
questions on issues such as protected site connectivity, collision risk, avoidance and displacement, and 
colony counts. 
 

1A-N-64: Marine bird distributions in the Gulf of Mexico: informing marine spatial planning 

Authors: Pamela Michael¹, Jeffery Gleason², J. Chris Haney³, Yvan Satgé¹, Patrick G.R. Jodice⁴ 

¹South Carolina Cooperative Fish and Wildlife Research Unit and Department of Forestry and 

Environmen, ²U.S. Fish and Wildlife Service, Gulf Restoration Team, ³Terra Mar Applied Sciences, LLC, 

⁴U.S. Geological Survey South Carolina Cooperative Fish and Wildlife Research Unit, Clemson University 

The Gulf of Mexico (GoM) supports seabirds from throughout the Atlantic basin during the annual cycle. 
Temporal use ranges from daily to resident, but data on species composition and abundance is limited in 
time and space. The GoM also is one of the most industrialized seas globally, with substantial levels of 
oil and gas (O&G) activity occurring in the central and western regions within the U.S. EEZ. In 2017, we 
implemented the Gulf of Mexico Marine Assessment Program for Protected Species (GoMMAPPS) to 
characterize the seabird community within the U.S. EEZ. From April 2017 - October 2019, we conducted 
275 days and ~2,200 hrs of vessel-based surveys covering ~40,200 kms. We tallied 67 marine species, 
including North American temperate and high-latitude migrants, GoM-resident breeders, and breeding, 
migrating, and sub-adults originating from the Caribbean, eastern north Atlantic, and western south 
Atlantic. Simpson's diversity (controlled for effort) was least in the central (0.71; area of highest O&G 
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activity), greatest in the western (0.82), and intermediate in the eastern (0.73; area of least O&G 
activity) GoM. Black Terns, a North American inland breeding migrant, comprised ~1/3 of all individual 
birds observed, and were most numerous in the central region, particularly in the footprint of the 
Mississippi River plume. Audubon's Shearwater, a Caribbean and Bahamian breeder, was observed 
regularly throughout the GoM across the annual cycle. Sooty Tern, an abundant breeder in the southern 
GoM and Caribbean, was commonly observed in spring and fall, and most numerous in the east. 
Ongoing analyses will characterize seabird distribution in relation to oceanography and O&G activity, 
and subsequently combine seabird data with survey data for marine mammals and sea turtles to provide 
the most extensive multi-taxa assessment of higher marine vertebrates in the GoM to date. These 
results will inform future O&G planning on the U.S. Outer Continental Shelf, further refine existing oil 
spill risk assessment models, and will be used to reduce or mitigate potential impacts from O&G 
activities on seabirds. 
 

O –Tracking  

1A-O-65: Spatial overlap and effect of fishing effort on the foraging behavior of the Great Shearwater 

(Ardenna gravis) on the Argentine Continental Shelf 

Authors: Jesica Paz¹, Robert Ronconi², Juan Seco Pon¹, Sofía Copello¹, Peter Ryan³, Marco Favero¹ 

¹South Carolina Cooperative Fish and Wildlife Research Unit and Department of Forestry and 

Environmen, ²U.S. Fish and Wildlife Service, Gulf Restoration Team, ³Terra Mar Applied Sciences, LLC, 

⁴U.S. Geological Survey South Carolina Cooperative Fish and Wildlife Research Unit, Clemson University  

Fishing is the main economic activity in waters of the Argentinian Continental Shelf (ACS). Various 
seabird species attend trawlers and longliners seeking food facilitated by the fishing operation as well as 
discards and offal as a byproduct of the catch and processing. During the austral spring, large numbers 
of Great Shearwaters (GSH, Ardenna gravis) forage over the ACS. This species has been registered 
interacting with longliners targeting skates or toothfish Dissostichus eleginoides, ice-chilling and freezer 
trawlers that target hake Merluccius hubbsi and has high rates of bycatch in coastal pelagic trawlers 
targeting anchovy Engraulis anchoita. This study analyzes the overlap between the distributions of adult 
(2009-2010 period) and immature (2006, 2008-2009, 2009-2010 periods) GSHs and a range of fishing 
fleets, as well as assessing the effect of fishing effort on shearwater foraging behavior. The database 
comprised fisheries effort for 9 fleets, and 21 GSH tracked by satellite telemetry. The tracking data were 
analyzed with switching state-space models (SSSM) to infer behavior (transitory or foraging) at each 
location. The overlap was analyzed using the UDOI index (no overlapping = 0, complete overlap UDOI ≥ 
1), while the effect of fisheries on foraging behavior was analyzed using GLMM (individual identity as 
random factors). The largest overlap for all years and age pooled was observed with the pelagic trawlers 
(UDOI ≥ 0.45), demersal coastal fleets (≥ 0.32), and ice-trawlers target hake (≥ 0.25). For immatures ice-
trawlers target hake (2006 and 2008-2009 periods), freezer longiners (2006) and coastal demersal 
trawlers (2009-2010 period) were the fisheries that showed positive effect in the foraging behavior (i.e. 
foraging was most likely with increased fishing effort), while for adults ice-trawlers target hake was the 
only fishery with effect significantly positive. This preliminary analysis as a proxy of risk of interaction 
constitutes the basis for further studies to define areas and times of higher sensitivity for shearwaters 
attending fisheries. 
 

1A-O-66: Artificial intelligence for the generation of synthetic seabirds foraging trajectories 

Authors: Amédée Roy¹, Sophie Lanco-Bertrand¹, Ronan Fablet² 

¹Institut de Recherche pour le Développement (IRD), ²IMT Atlantique 
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GPS loggers can provide precise and accurate data on the movements of many seabirds species, and 
have enabled ecologists to document relatively large amount of foraging trips. Modeling such foraging 
trajectories may attempt (1) to explain mechanisms underlying observed behaviors and (2) to elucidate 
ecological processes at the colony scale by simulating multiple trajectories. Existing modeling 
approaches to seabird movement mainly addressed the first objective and they are yet soon limited 
when used for simulation. Individual-based model (IBM), based on ad-hoc formulation and empirical 
parametrization generally become quickly intractable as the number of individual increases, while state-
space models (SSM), based on rigorous statistical inference, consist in 1st order Markovian models 
calibrated at the local scale which can lead to description of foraging trips overly simplistic. We 
introduce a 'state-of-the-art' tool from artificial intelligence, Generative Adversarial Networks (GAN), for 
the simulation of seabirds foraging trips. GAN consist in a pair of deep neural networks that aim at 
capturing the data distribution of some experimental dataset, and that enable the generation of new 
instances of data that share statistical similarity. We demonstrate the outstanding ability of GAN to 
simulate 'realistic' foraging trajectories and evaluate its benefits over classical methods such as state-
switching Hidden Markov Models (HMM). In particular, synthetic trajectories derived from GAN are able 
to reproduce spatiotemporal scales characteristic of observed trajectories. We discuss the potential use 
of such an approach to tackle various key challenge in seabird ecology, such as predicting of the 
potential impact of environmental variability on seabird colony, or testing for the "Ashmole halo" 
hypothesis with synthetic data. GAN provide indeed a ultra-flexible framework for trajectories 
simulation that could further account for environmental conditions, social interactions or even bio-
energetics models. 
 

1A-O-68: Multi-year and multi-colony tracking of European shags ? towards better predictions of 

foraging habitats within and between colonies 

Authors: Nina Dehnhard¹, Signe Christensen-Dalsgaard¹, Jenny Mattisson¹, Arnaud Tarroux¹, Tycho 

Anker-Nilssen¹, Svein-Håkon Lorentsen¹ 

¹Norwegian Institute for Nature Research (NINA) 

European shags (Gulosus aristotelis) are vulnerable to disturbance by boats and to bycatch in gillnet 
fisheries and the population is in decline. Intensified coastal development, e.g. aquaculture and kelp 
harvesting, pose potential additional threats that call for impact assessments and marine spatial 
planning. As European shags breed in numerous colonies scattered along the coastline, it is a challenge 
to identify and protect the most critical foraging habitats. Even with existing knowledge about the 
location of the colonies, it remains an implausible task to document the habitat use for each and every 
colony, although this is highly relevant information for management purposes. Predicting foraging areas 
of a given population based on the tracking information from birds in other colonies could be a solution 
to this dilemma. Here, we analysed tracking data from five different European shag colonies spread 
along the Norwegian coast over a latitudinal gradient of more than 1700 km: Hornøya (70°23'N, 
31°09'E), Røst (67°26'N, 11°54'E), Sklinna (65°12'N, 10°59'E), Runde (62°23'N, 5°36'W), and Jarstein 
(59°09'N, 5°10'E). Minimum two and maximum ten years of tracking data existed for each colony. For 
each colony we identified the foraging areas and their environmental characteristics (depth, 
presence/absence of kelp forest, bottom substrate...) and quantified the consistency in foraging areas 
between years. We then predicted the foraging areas of a given colony based on the results from the 
other colonies and compared the modelled results with the true data to test the performance of the 
predictions. Our research will contribute to strengthen our understanding of the foraging ecology of 
European shags, and help identify the most important foraging areas required for their conservation. 
More generally, our results can help to improve the use of tracking data for marine spatial planning. 
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1A-O-69: How GPS tracking can inform on seabird mortality induced by light pollution 

Authors: Airam Rodriguez¹, Airam Rodriguez¹, Juan Negro² 

¹Grupo de Ornitologia e Historia Natural de la Islas Canarias GOHNIC, ²Estacion Biologica de Doñana CSIC 

Many burrow-nesting seabirds are nocturnal at their breeding colonies, i.e. visit the colonies at night. 
Petrel and shearwater fledglings are attracted and disorientated by artificial lights at night when they 
leave the nest and fly for the first time towards the sea. If they are grounded and not rescued, they have 
a high probability of perishing. In contrast, adults are rarely grounded by the lights, despite adults 
nesting on inland colonies have to cross over the cities or avoid the lit areas to reach their nests several 
times during the breeding period. How adults manage that situation may offer useful information to 
minimise light-induced mortality of fledglings. We use GPS tracking to inform on the attraction of 
seabird fledglings and to study the behaviour of adults during the commuting flights to their breeding 
colonies in relation to spatial distribution of light pollution and orography. We used the Cory's 
shearwater as a model species and the South facing slope of Tenerife, Canary Islands, as our study area. 
During 2017-2019 fledging seasons, we tagged GPS transmitters to fledglings to track their flight from a 
release site to the ocean. During 2015-2017 breeding seasons, we tagged GPSs to adults from three 
colonies above 400 m altitude. Nocturnal satellite imagery was employed to evaluate the spatial 
distribution of light polluted areas. Some fledglings flew straight to the ocean following the shortest 
route, however, others were attracted and grounded by artificial lights. Once fledglings were trapped by 
the skyglow, they had a low chance to scape and find the ocean. Grounded birds were communicated to 
the rescue campaign from 1 to 5 days after its release. Adults flew over the cities without apparently 
avoiding artificial lights. They used the shortest distance from coastlines to their colonies. Due to high 
elevation of nesting colonies, return flights were longer than outgoing flights as adults glided from 
colony to the ocean. Artificial lights do not seem to be a problem for adult shearwaters attending their 
nesting colonies. GPS tracking provides crucial information to understand ocean finding behaviour of 
seabirds during their nocturnal flights. 
 

1A-O-70: A quiet corner of the playground? The influence of predator distributions, intraspecific 

competition and environmental conditions on the movements and marine distribution of European 

Storm Petrels 

Authors: Zoe Deakin¹, James Waggitt², Peter Evans², Rob Thomas¹, Renata Medeiros¹, Frank Hailer¹, Mark 

Bolton³ 

¹Cardiff University, ²Bangor University, ³Royal Society for the Protection of Birds 

The effects of intraspecific competition on seabird foraging movements are relatively well studied, but 
the impacts of predation are less well known. Many seabirds are apex predators, but the small size of 
storm petrels puts them at risk of predation by other seabirds. Predation risk has a strong influence on 
the nesting location and breeding behaviour of storm petrels but does predator avoidance also reduce 
the potential foraging area available to these small species? We have GPS tracked European Storm 
Petrels (Hydrobates pelagicus) breeding on Mousa, Shetland, UK between 2014 and 2018. Using data on 
predator distributions and remotely-sensed environmental data, including sea-surface temperature and 
wind speed, we investigate the relative influence of a variety of factors on storm petrels' movements 
and at-sea distributions. We provide new insights into the at-sea ecology of one of the world's smallest 
seabirds. 
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1A-O-71: High site fidelity in a tropical seabird during the nonbreeding season: a 5-year case study 

Authors: Patrick Jodice¹, Will Mackin², Autumn-Lynn Harrison³, Yvan Satge⁴, Bradley Wilkinson⁴ 

¹USGS/Clemson University, ²Terra Mar Applied Sciences, ³Smithsonian Conservation Biology Institute, 

⁴Clemson University 

The Caribbean region supports 23 extant breeding species of seabirds on nearly 900 colonies and 
breeding sites. Despite the large area, numerous species and colonies, conservation concern for many 
species, and proximity to the USA, surprisingly little is known about the ecology of seabirds in this region 
particularly during the nonbreeding season when birds are away from colonies for extended periods of 
time. We used geolocators to track the movement patterns of White-tailed Tropicbirds (Phaethon 
lepturus) breeding in the Bahamas. Although basic use areas at sea have been described for the species, 
here we assess the level of fidelity to use areas from five consecutive years of tracking data from two 
individuals tagged at the same colony in the Exumas. During the breeding season tropicbirds 
consistently frequented the northern Bahamas but also used waters adjacent to Cuba. During the 
nonbreeding season individuals dispersed north but also were frequently located east of Bermuda and 
in waters towards the mid-Atlantic ridge. Each bird showed a relatively high degree of fidelity to use 
areas among years. There was also a relatively high degree of overlap between the two individuals each 
year. Furthermore, use areas often overlapped with the location of the Sargasso Sea, an ocean gyre 
system in the western north Atlantic that concentrates sargassum, spawning and subadult eels, and 
other large marine vertebrates. Our data suggest that tropical seabirds in the north Atlantic may not 
only wander throughout pelagic waters but also may frequent specific marine regions where 
productivity is enhanced. 
 

 

Poster Session Pacific 1 
A – Behavior 

1P-A-1: The importance of preening behaviour in the at-sea time budget of Australasian gannets 

Authors: Louarn Fauchet¹, Thomas Cansse¹, John P.Y. Arnould¹ 

¹Deakin University 

Feathers play an important role in many aspects of avian ecology, including sexual selection, 
thermoregulation and flight. However, several external stressors can negatively impact plumage 
condition. Birds preen their feathers to maintain feather integrity throughout the year. For seabirds, 
preening is especially important to ensure waterproofing of the plumage. However, due to the difficulty 
of observing seabirds at sea, little is known of the time and energy expended in preening and how this 
may impact other activities in these species. In the present study, bird-borne video and tri-axial 
accelerometer data loggers were used to investigate preening in Australasian Gannets (Morus serrator) 
from two colonies in south-eastern Australia. Gannets spend a substantial proportion of their time at 
sea preening (25.5 ± 1.7%). No significant differences in preening activity were observed between the 3 
years of study or between colonies. Average Vectorial Dynamic Body Acceleration (VeDBA, a proxy for 
energy expenditure) was significantly higher during preening (0.34 ± 0.02 g) than resting (0.25 ± 0.02 g), 
but less than for flying or foraging. These results highlight the importance of preening in terms of time 
and energy in this species. Furthermore, a positive relationship between the number of dives and at-sea 
preening suggests a negative impact of diving on plumage integrity and, thus, a potential additional time 
and energy constraint during periods of reduced food availability. 
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1P-A-2: Mercury biotransport by auklets: two-colony comparison 

Authors: Akiko Shoji¹, Kyle Elliott², Yutaka Watanuki³, Stéphane Aris-Brosou¹, Shannon Wheeler², Scott 

Hatch⁴ 

¹University of Ottawa, ²McGill University, ³Hokkaido University, ⁴Institute for Seabird Research and 

Conservation 

Long-term monitoring data of seabirds have revealed the annual trend of mercury exposure in seabirds 
that are known to play a role of biovectors transporting methylmercury from the ocean to the land. 
However, it is unclear how wintering distribution and habitat affect the efficacy of seabirds as mercury 
biovectors. To address this issue, we tested whether seabirds that fly through and hence feed in regions 
of high [Hg] have a higher biovectors capability, and whether their at-sea behavior is more heavily 
impacted. To time exposure, we exploited the differential turnover rate of different bird tissues in 
storing Hg until they reach their colony in the Spring; to assess Hg biotransport, we sampled terrestrial 
plants at their colony; to assess wintering behavior, we monitored stable isotopes of nitrogen (δ15N; 
trophic position) and equipped birds with data loggers (geolocation and activity). By contrasting two 
areas on both sides of the North Pacific of high (Japan; n = 10) and low (Alaska; n = 11) Hg emissions and 
using the Rhinoceros auklet as a model species, we show that all sampled individuals have high [Hg] 
(0.3-11.4 μg g-1) that are ultimately deposited at their colony via feces. While exposure levels of auklet 
tissues were associated with environmental contamination levels during wintering, at-sea behavior was 
transient Alaskan birds, but long-lasting in Japanese birds. These results not only indicate that seabirds 
can be used as a tracer of large-scale Hg emission rates, but also that seabirds may suffer long-term 
behavioral changes when subjected to higher Hg during winter. 
 

1P-A-3: Flight-initiation response as a promising conservation planning tool on remote islets 

Authors: Martin Thibault¹, Mike Weston², Andreas Ravache¹, Eric Vidal¹, Thomas Bouyard¹ 

¹IRD, ²Deakin University 

The remoteness of islands allowed for the evolution and maintenance of rich and endemic biodiversity, 
isolated from many pressures including anthropogenic ones. The increasing use of, and visitation to, 
these isolated territories by people (especially tourists) enables the investigation of how biodiversity 
reacts to novel pressures. Indeed, humans can have an indirect effect associated with their mere 
presence as wildlife responds to people as if they are predators. Seabirds for example rely on isolated, 
"low disturbance" areas to reproduce. They are one of the most threatened animal groups at a global 
scale and their risk of extinction is increasing faster than any other group of birds. We measured flight-
initiation distances (FIDs) and monitored the breeding status of six seabird species breeding on tree 
islets of Coral Sea. We then developped a spatiality explicit sensitivity index considering both classical 
diversity metrics (species abundance and richness) and this behavioural metric of birds sensivity to 
human disturbance. Our prospective dataset first shows that seabirds sensivity to human disturbances 
varies between species and along their reproductive cycle. Shorter FID recorded during the most 
vulnerable stages of the reproduction, ie egg laying and chicks rearing, support the hypothesis of a 'sit 
and defend' strategy. Thereby, nest defence would likely be a better predictor of birds behavioural 
response than predation avoidance during critical reprodutive states. On the other hand, our spatially 
explicit index provides an innovative and promising sensibity metric by including seabirds behavioural 
responses to disturbances. In island contexts facing increasing pressures from human visitations and 
tourism, we believe that this index may address the need for conservation planning tools. 
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B – Biology/Breeding Biology/Nonbreeding Biology  

1P-B-4: The Relation Between Daily Energy Expenditure of Parent and Chick Growth Rates at Early 

Breeding Stage in Rhinoceros Auklet 

Authors: Nao Nagatani¹, Masaki Shirai², Jumpei Okado¹, Yasuaki Niizuma³ 

¹Graduate school of Fisheries Sciences, Hokkaido University, ²Central Resaerch Institute of Electric Power 

Industry, ³Laboratory of Environmental Zoology, Meijo University 

In seabirds chick growth rates at early period would be determined survival of chicks after fledging. So, it 
is expected that parents with greater efforts provide more foods their chicks to be faster grow, 
especially at the early period. To determine this hypotheses we measured parental daily energy 
expenditure (DEE) of rhinoceros auklets Cerorhinca monocerata as parental effort and chick growth 
rates at early breeding stage (day of 5-20) at Teuri Island, Hokkaido, Japan in late May - July in 2018 and 
2019. We measured daily energy expenditure (DEE) of parental birds at early chick stage (day of 14-19) 
using by doubly labelled water method and body mass of chicks daily until fledging. Chicks being greater 
grow at the early stage had larger body mass at fledging. However, there was no relationship between 
parental DEE and chick growth rates at the early period, and our hypotheses was not supported from 
the study. This result suggests that there is large individual variation in parental foraging efficiency; 
some parents could provide larger foods with greater DEE and others less foods with similar DEE to the 
former. 
 

C – Bycatch  

1P-C-7: NOAA Fisheries' National Seabird Program: advancing conservation, sustainable fisheries, and 

ecosystem-based management 

Authors: Annette Henry¹, Trevor Joyce¹, Lee Benaka¹, Shannon Fitzgerald¹, Thomas Good¹, Jason Jannot¹, 

Mi Ae Kim¹, Robert Suryan¹, Jeannette Zamon¹, Lisa Ballance² 

¹NOAA Fisheries, ²Oregon State University 

Since the early 1980s, NOAA Fisheries has been monitoring and mitigating for seabird bycatch. In 2001, 
the agency formed the National Seabird Program (NSP) to coordinate seabird protection, and today it is 
a cross-cutting group of managers and scientists working domestically and internationally to protect and 
conserve seabirds. The program's activities are guided by statutes and agency priorities which form the 
basis for NSP's two key goals: 1) Monitor and mitigate seabird bycatch - NOAA Fisheries is responsible 
for bycatch in U.S. fisheries and supports bycatch reduction associated with non-U.S. fisheries, and 2) 
Promote seabirds as ecosystem indicators. As highly migratory, near-apex predators, seabirds integrate 
across trophic levels, space, and time, are easy to detect and identify, can be surveyed over various 
spatial scales, and are responsive to environmental change. In 2019, NSP finalized a five-year strategic 
plan to promote awareness and value of seabirds, foster collaboration, and coordinate and direct 
resources to accomplish its objectives. These included: 1) monitor and estimate seabird bycatch; 2) 
mitigate seabird bycatch; 3) strengthen key partnerships; 4) promote seabirds in advancing ecosystem-
based fisheries management; and 5) elevate awareness of and support for the NSP. In practice, the 
program's approach to achieving its goals has been supporting field and laboratory research, ensuring 
our representation on working groups and steering committees within and external to NOAA Fisheries, 
and partnering with NOAA Offices, FMCs, States, and other Federal agencies. Other actions are 
coordinating and providing seabird expertise for policy and management decisions, conducting research, 
fieldwork, and outreach through agency reports and peer-reviewed publications. Seabirds are the 
world's most threatened bird group, and NOAA Fisheries' National Seabird Program continues to 
support seabird conservation both nationally and internationally. 
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D – Climate change  

1P-D-8: Increased sensitivity of common murres to top-down disturbance by bald eagles during poor 

foraging conditions of a marine heatwave. 

Authors: Jessica Porquez¹, Rachael Orben¹, Jane Dolliver¹, Stephanie Loredo¹, Ana Medina Roman¹, 

Donald Lyons², Robert Suryan³ 

¹Oregon State University, Hatfield Marine Science Center, ²National Audubon Society, ³NOAA Alaska 

Fisheries Science Center 

Common murres (Uria aalge) are expected to buffer activity budgets during poor conditions to 
compensate for low prey availability. However during a marine heatwave (2014-16) in the eastern North 
Pacific, we found that common murres nesting at Yaquina Head, Oregon, USA had near zero 
reproductive success (2015-17). Breeding success during this time was compounded by top down 
pressure from avian predators, primarily bald eagles (Haliaeetus leucocephalus), and while disturbance 
rates were highest in 2016 (0.495/hr), rates were slightly lower during the other heatwave years 
(0.29/hr) than preceding (2011-2013, 0.37/hr), when reproductive success was 0.41±0.06. Murres 
showed multiple signs of prey limitation during heatwave years. Birds caught at-sea near the colony and 
fitted with Argos-PTTs (2015-2016, n=15) typically foraged 174 km north at the mouth of the Columbia 
River. Daytime dives and central place foraging trips were notably longer in duration in 2015 than 2013. 
Feeding delivery rates during heatwave conditions in 2016 were on average the lowest in our time series 
~0.15/hr (1999-2002, 2010-present). Fish length was not notably different from average in 2016, thus it 
appears murres did not compensate by increasing the size of delivered. In assessing heatwave impact, 
colony structure was also important, as a small subset of birds in nesting locations protected from eagle 
disturbance hatched chicks, at reduced rates, during peak heatwave years. The effects of the heatwave 
persisted into 2017, but in 2018 and 2019 reproductive success was high despite the continued 
occurrences of bald eagle disturbances. This suggests that predation can impede reproductive effort 
when prey availability was poor, potentially benefiting individuals by preventing investment in breeding, 
with reduced effect as foraging conditions improve. Our results indicate that murre reproductive success 
may be more stochastic as marine heatwaves become more common and the impact of these events 
may be exacerbated by predation at colonies. 
 

1P-D-9: Demographic response of seabirds along the Kenai Fjords coast in the Northern Gulf of Alaska 

to a 2015-2016 marine heatwave 

Authors: Tuula Hollmen¹, John Maniscalco², Sadie Ulman², Sarah Tanedo¹ 

¹University of Alaska Fairbanks and Alaska SeaLife Center, ²Alaska SeaLife Center 

An oceanic warming anomaly that peaked during 2015-2016 impacted broad areas of the North Pacific, 
including areas with concentrations of breeding and overwintering seabirds in the Northern Gulf of 
Alaska. We monitored colony attendance, productivity, and seasonal distribution of seabirds in the 
Kenai Fjords area prior to, during, and following the oceanic warming event. We used remote camera 
observation techniques to observe breeding colonies of Black-legged Kittiwake (Rissa tridactyla) and 
Common Murre (Uria aalge), and vessel based surveys to observe seasonal distribution of marine birds. 
We observed a reduction in colony attendance during the warming event. Productivity remained 
relatively similar prior to and during the warming event through 2015, but little or no productivity was 
observed during 2016-2017. The first signs of recovery in productivity were observed in 2018, with 
continued improvement in 2019. During the winter of 2015-2016, a large-scale mortality event of 
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Common Murres occurred in Alaska, including our study area. Preceding and during the mortality event, 
a redistribution of pelagic Common Murres to nearshore waters was observed. Reasons for the 
redistribution and large-scale mortality of Common Murres are not fully understood, but have been 
linked to changes in prey availability, leading to starvation, and other contributing factors. Our study 
provided data characterizing demographic impacts of oceanic warming events on two species of 
seabirds with different foraging strategies, and provided evidence that recovery from such events may 
take multiple years due to lingering effects on nest site attendance and productivity. 
 

E – Conservation  

1P-E-10: Is it worth doing? Little penguin rehabilitation and release on Phillip Island 

Authors: Paula Wasiak¹, Jodi Bellett¹, Rose Baulch¹ 

¹Phillip Island Nature Parks 

Phillip Island, Australia is home of one of the largest colonies of Little penguins, with over 32,000 
breeding adults. Little penguins have been studied on the island since 1968. As sick and injured penguins 
were regularly found, a purpose-built Wildlife Clinic opened in the 1980s. Today, the Clinic cares for 
approximately 150 Little penguins annually, in addition to 300-400 other animals of over 60 different 
species. Rehabilitation success is often based on the number of animals successfully released from care. 
However, the fate of rehabilitated animals is hardly known or reported. Knowing the success of the 
rehabilitation efforts would allow for an assessment of the resources used as well as evaluating whether 
rehabilitated animals recover from the stress undergone while in care. Here we propose a more 
accurate indicator of success based on how many individuals are resighted after release. This study 
looked at how many adult Little penguins were resighted within a 12-year period (2005-2017) after 
being released from the Wildlife Clinic. The resight rates of Little penguins after rehabilitation was 49%, 
compared to 64% resight of control birds (penguins that were not rehabilitated), which was significantly 
different, χ2 (1, N = 107) = 5.50, p < 0.05. Although the difference between resights of the Clinic and the 
control birds was significantly high, almost half of the rehabilitated birds were sighted again in the 
breeding colony. Given the increasing number of diseases, incidents with human-penguin interactions 
and negative effect of climate on penguin food supply, the penguin rehabilitation efforts are worth 
doing. 
 

1P-E-11: Status of Sea Gulls along the southeast coast of Bangladesh 

Authors: Mohammad Islam¹ 

¹Marinelife Alliance 

Bangladesh coast and particularly the southeast coastal areas are diverse in habitat interms of birds 
habitat. Seabirds are good candidates as ecological indicators, especially in under-studied ecosystems 
since they provide insights into marine ecosystem processes and functions at various trophic levels. Our 
review discusses salient points on the present status of seabirds in the Bay of Bengal Large Marine 
Ecosystem; despite overall low seabird numbers and biomass, this region harbors 7 species of gulls, and 
some of the rare species worldwide, which are known to breed in various marine habitats of Andaman 
and Nicobar islands, in addition to the coastal areas of mainland. Further, we elaborate on employing 
seabirds as potential indicators of this ecosystem and how they outscore other taxa in this aspect. 
Finally, I want to point out that habitat degradation severely posing gulls population declining during the 
last 20 years. It was observed fisheries interaction quiet positive with gulls rather very negative with the 
development work, infrastructure intervention for tourism and urbanization. 
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1P-E-12: The Hutton's Shearwater Charitable Trust: Community led conservation action 

Authors: Lorna Deppe¹ 

¹The Hutton's Shearwater Charitable Trust 

This poster aims to introduce The Hutton's Shearwater Charitable Trust (HSCT), a group formed from 
and by community members of a small seaside town in New Zealand's South Island: Kaikōura, whose 
scenic mountain backdrop is home to the rare and elusive Hutton's shearwater (Puffinus huttoni) or tītī. 
Due to land use and predation pressures, the species nowadays survives in only two remaining wild 
colonies above 1200m asl and a third translocated colony on the Kaikōura Peninsula, where birds can 
breed safely behind a predator-proof fence. The already limited breeding habitat has recently been 
further reduced due to landslides and burrow collapse caused by the Kaikōura earthquakes in Nov 2016, 
which also killed an estimated third of the breeding population in the wild. The species is facing further 
pressure from being attracted to artificial lights of the Kaikōura township causing birds to crash land on 
roads where they often perish if not rescued in time. Next to members of the general public, the HSCT 
includes representatives of stakeholders such as the New Zealand Department of Conservation (DOC), 
landowners (McArthur family at Puhi Peaks Station and Tu Kete Trust) and Te Rūnanga o Kaikōura. Our 
aims are to encourage and support the conservation and sustainable management of the Hutton's 
shearwater to ensure flourishing populations of our Taonga (treasure) in the future, acknowledging the 
links between the mountains, the ocean, the sky and the people. We are working towards gaining 
greater ecological understanding of the species by facilitating research, mitigating threats, securing and 
managing the new colony and raising awareness of the 'plight of the tītī' through public outreach and 
education. While the HSCT has received support from DOC as well as a variety of local businesses and 
conservation groups over the years, we currently are in need of a new long-term sponsor to maintain as 
well as advance our vital conservation work. The poster will illustrate the different aspects of our work, 
weaving together the many strands of passionate and dedicated people doing their bit to look after their 
precious local seabird. 
 

H – Diseases/Parasites  

1P-H-13: Penguin Microbes 

Authors: Meagan Dewar¹, John Arnould², Peter Dann³, Phil Trathan⁴, Theo Allnutt⁵ 

¹Federation University Australia/IPECS, ²Deakin University, ³Phillip Island Nature Parks, ⁴British Antarctic 

Territory, ⁵Theo Allnutt Bioinformatics 

Within all higher organisms, lives a thriving ecosystem of microorganisms including, bacteria, viruses and 
fungi. These microorganisms are crucial for an animal's health, nutrition and physiology, playing an 
important role in digestion, protection against harmful pathogens, secretion and synthesis of essential 
vitamins, minerals and amino acids. So what microbes colonise the penguin gut and what functional 
pathways are involved? Previous studies using amplicon sequencing have assisted in the profiling of the 
microbial community within different penguin species. However, amplicon sequencing is restricted to a 
specific target region (bacteria, virus, and parasite) and due to the short read length is often unable to 
identify organisms to the species and genus level. This study used shotgun metagenomics to sequence 
the microbial community (including viruses) and the associated functional pathways of king, gentoo, 
macaroni and little penguins. Similar to previous studies species specific differences were observed 
between the four species. In addition a number of known pathogenic organisms were identified along 
with known avian and murine DNA viruses that have previously not been observed in penguins and 1 
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unknown virus. Over 2,600 functional pathways were identified in the study with significant differences 
between species overserved in approximately 2,000 pathways, with many of these pathways being 
present in little and macaroni penguins and absent in king and gentoo penguins 
 

J – Foraging ecology  

1P-J-15: Sea Bird diversity in the Bangladesh Marine water 

Authors: Mohammad Islam¹ 

¹Marinelife Alliance 

Seabirds are good candidates as ecological indicators, especially in under-studied ecosystems since they 
provide insights into marine ecosystem processes and functions at various trophic levels. My review 
discusses salient points on the present status of seabirds in the Bay of Bengal Large Marine Ecosystem; 
despite overall low seabird numbers and biomass, this region harbors 9 species of terns, one of the most 
threatened bird group worldwide, which are known to breed in various marine habitats of Bangladesh 
southeastern coastal and marine areas, islands, in addition to the coastal areas of mainland. Finally, we 
argue that it is essentially to fill the gaps in our knowledge about the Bay of Bengal, mainly about the 
interplay between seabirds and fisheries. I mainly deal here with Gulls and terns and some other oceanic 
birds with fewer numbers. 
 

K – Miscellaneous  

1P-K-16: Detecting cryptic burrowing petrels recovery post eradication in a remote landscape 

Authors: Julie McInnes¹, Jez Bird², Bruce Deagle³, Polanowski Andrea³, Justine Shaw² 

¹University of Tasmania, ²University of Queensland, ³Australian Antarctic Division 

Identifying the species diversity of an ecosystem provides valuable insights into the impact of 
environmental changes, as well as ecosystem recovery. A large proportion of petrels and prions are 
listed as threatened, however, these species are often cryptic breeders and difficult to study. We 
assessed the value of incorporating DNA methods into field surveys to identify burrowing petrel species 
and distribution by using scats and feather samples collected near burrows as part of a monitoring 
program on Macquarie Island. A total of 330 samples were collected, with burrowing petrel DNA 
identified in 280 samples. Both scats and feathers yielded sufficient DNA to identify species. DNA from 
eight burrowing petrel species was identified across the island, including diving petrels and fairy prions 
that have rarely been detected on the main island. As well as species identification, this study found 
potential intra-specific genetic differences between the Macquarie Island population and voucher 
specimens previously collected on other sub Antarctic islands. This study highlights the utility of DNA 
methods to assess species diversity and distribution, and could be incorporated into future burrowing 
petrel studies to complement ground surveys. 
 

1P-K-17: Investigating the response of short-tailed shearwaters (Ardenna tenuirostris) to 

environmental change: An individual-based modelling approach 

Authors: Katherine Brownlie¹, Patrick Coquillard², Jérôme Fort³, Paco Bustamante³, John Arnould¹ 

¹Deakin University, ²Université Côte d'Azur, ³La Rochelle Université 

Over the breeding season, wide-ranging pelagic seabirds can cover an extensive geographical range 
exploiting habitats with different environmental conditions and levels of environmental variability. 
Indeed, many Procellariiformes adopt a dual foraging trip strategy, alternating between short foraging 
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trips close to the breeding colony and long foraging trips to exploit distance resources. Understanding 
how environmental change might influence seabird prey availability, adult body condition and breeding 
success during the different periods of the breeding season (pre-laying, incubation, chick-rearing) can 
therefore prove challenging. To investigate potential responses to environmental change during the 
breeding season at both the individual and population levels, an individual-based model (IBM) was 
developed for the short-tailed shearwater (Ardenna tenuirostris). The short-tailed shearwater is a 
medium sized, trans-equatorially migrating Procellariiform that breeds only in southern Australia. With 
an estimated population size of 23 million individuals, they are major consumers of the global marine 
biomass. Their foraging areas, in south-eastern Australia and the Southern Ocean, are undergoing rapid 
climate-driven changes with increases in sea surface temperature, altered wind regimes and ocean 
processes. The model provides a tool to assess adult energy expenditure, energy gain and mass change 
during the breeding periods and determine breeding success in relation to environmental factors. Model 
simulations can be used to predict how short-tailed shearwater breeding success is likely to change 
under environmental conditions modified in line with Intergovernmental Panel on Climate Change 
(IPCC) projections. 
 

1P-K-18: Using acoustic indices to detect the vocalisations of a burrow-nesting seabird, the short-

tailed shearwater (Ardenna tenuirostris) 

Authors: Harrison Talarico¹, Jennifer Lavers² 

¹University of Tasmania, ²Institute for Marine and Antarctic Studies (IMAS) 

Bioacoustics is increasingly being used to quantify the migration timings of avian species--with rises in 
vocal activity inferring arrival dates. Progress in this field may help inform the management of seabirds, 
whose phenologies are shifting due to climate change. However, there remains certain obstacles in 
analysing acoustic data. For one, the density of vocalisations in seabird colonies makes it difficult tease 
apart acoustic patterns in the soundscape, meaning call recogniser models can often be unreliable. 
Classification of individual vocalisations may be possible through machine learning, however building 
these models requires considerable effort and expertise. To resolve such issues, the outputs of acoustic 
indices may be used as proxies for vocal activity. Our research tests two commonly used indices in 
bioacoustics--the Normalised Difference Soundscape Index (NDSI) and the Acoustic Complexity Index 
(ACI)-- on short-tailed tailed shearwater (STSH) acoustic data. We find that the ACI is a better predictor 
of STSH vocalisations when additional noise in the soundscape is minimal (e.g., wind, rain, penguin 
vocalisations), however, the NDSI is more robust to these disturbances. To provide a full picture of the 
soundscape of a STSH colony, future research should empirically test the rate in which STSH 
vocalisations increase during migratory arrival. 
 

1P-K-19: Egg floating and candling: can they be used interchangeably? 

Authors: Anastasia Maliguine¹, Anastasia Maliguine², Elyssa Watford¹, Tuula Hollmen¹ 

¹University of Alaska, Fairbanks, ²Arctic National Wildlife Refuge, U.S. Fish and Wildlife Service 

Egg floating and candling are common methods to estimate avian embryo age, but may produce 
different results. Furthermore, measurements made by multiple observers for the same dataset may 
introduce errors. Although egg-age estimates are key for determining incubation stage, scheduling 
future nest visits, and one of the most commonly used covariates in nest survival models, few studies 
have compared the methods or estimates made by multiple observers to determine if they yield similar 
results. Using paired observers, we candled and floated Common Eider (Somateria mollissima) eggs from 
nests along barrier islands of Arctic National Wildlife Refuge to estimate embryo age. We compared egg-



242 
 

age estimates (1) between candling and floating, (2) between paired observers candling eggs, and (3) 
between paired observers floating eggs. We found that ≥90% of the egg-aging estimates differed by ≤3 
days between floating vs. candling, observer pairs floating, and observer pairs candling. For the 
remainder, estimates differed by ≤5 days between observer pairs floating and ≤10 days between floating 
vs. candling and between observer pairs candling. Although most comparisons were within a few days, 
the impact of introduced error and increased variance could lead to bias, errors in estimates, and 
erroneous conclusions, and thus, should be considered based on the specific research question being 
examined. 
 

1P-K-20: Characterizing the in situ ocean environment through biologging: What can we measure? 

Authors: Rachael Orben¹, Dylan Winters¹, Adam Peck-Richardson¹, Greg Wilson¹, Dorukhan Ardag¹, Tuba 

Özkan-Haller¹, Donald Lyons¹, James Lerczak¹ 

¹Oregon State University 

Seabirds use a diversity of marine habitats and thus offer scientists unparalleled access to these dynamic 
environments in the surface ocean. In addition to movement and biological data, biologging devices 
carried by seabirds can be used to collect in situ environmental data, effectively transforming seabirds 
into distributed environmental sampling platforms. Continued miniaturization of biologging devices, 
integration of multiple sensors, and customizable programming are all needed to facilitate collection of 
these ancillary data. To provide proof of concept and to refine environmental sampling via biologging 
devices we deployed three types of GPS-GSM biologging tags on Brandt's cormorants in the Columbia 
River estuary (Oregon, USA) in summer 2019 (n=20). We characterized dive shape in order to identify 
benthic dives - to be used as depth soundings. We tested the feasibility of measuring wave height, 
period, and direction with tags equipped with 3-axis accelerometers and magnetometers when birds 
rest on the water's surface. Similarly, we estimated surface currents from consecutive GPS locations. 
From a small subset of dives we measured water temperature and the temperature difference at the 
air-sea interface, exemplifying the utility of integrating a fast-response temperature sensor onto 
biologging tags for marine animals. Combined, this suite of oceanographic parameters can be 
assimilated with satellite data products to increase the skill of numerical models in assessing 
environmental conditions in littoral regions around the globe. 
 

Poster Session Atlantic 2 
A – Behavior 

2A-A-1: Sex and group size variability affecting the foraging behavior of Olrog's gulls (Larus atlanticus) 

Authors: Francisco Zumpano¹, Melina Castano¹, Favero Marco¹, Garcia German¹ 

¹Instituto de Investigaciones Marinas y Costeras (IIMyC), UNMdP - CONICET, Rodriguez Peña 4046 Nivel 

The Olrog's Gull (Larus atlanticus) is endemic to the Atlantic coast of southern South America and a 
species regionally listed as threatened, with the bulk of its diet comprised by crabs, at least in breeding 
sites and some non-modified wintering areas. Here we evaluate the effect of the group size and sex 
variability on the foraging behavior of wild immature gulls during the non-breeding season in Mar 
Chiquita coastal lagoon, Argentina. Birds were captured, sexed and banded during the 2016 non-
breeding season. Foraging behavior was quantified by focal observations made on banded individuals, 
the size of the foraging group, and the size and type of preys were recorded. Foraging parameters 
estimated were (1) foraging effort (capture attempts per minute), (2) capture rate (prey obtained per 
minute), and (3) foraging efficiency (consumed biomass per minute). Males spent more time performing 
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agonistic behavior than females (GLMM: z=2.43, p<0.05). The time spent resting and the foraging effort 
increased significantly with group size (GLMM: z=2.03, p<0.05; z=2.20, p<0.05, respectively). Males 
showed a preference for larger crabs (Ordinal Mixed Model-OMM, z=1.99, p<0.05) and captured smaller 
crabs (OMM, z=-2.03, p<0.05) at a higher capture rate (GLMM, z=2.09, p<0.05) with the increase of 
group size. Also, the duration of receiving agonistic behavior, size of prey and the foraging effort (LRT: 
χ2=4.92, P<0.05; χ2=9.73, P<0.05; χ2=4.97, P<0.05, respectively) were affected by individual identity. 
The present study is the first one addressing foraging variability for Olrog's gulls with individuals of 
known identity. We corroborate the hypothesis that both, intrinsic and extrinsic factors affect the 
foraging behavior of the Olrog's gull. Results illustrate what we can learn from modeling individual 
variation in the study of foraging behavior. 
 

2A-A-2: Intra-clutch factors affecting growth and fledgling success of Magellanic penguin chicks: A 

cross fostering experiment 

Authors: Nahuel Marchisio¹ 

¹CONICET 

Parental investment is any action of the parents that generates costs in their biological efficacy, but 
benefits their offspring. In birds it shows at any stage of reproduction: egg laying, incubation and chick 
rearing. Hatching asynchrony (HA) and egg size dimorphism (ESD) generate an intra-clutch hierarchy 
that affect growth and survival of Magellanic penguin's chicks. In our study colony (Ría Deseado, 
Argentina; 47°45'S, 65°53'W) females in a better body condition lay larger second eggs but also, both 
parents´ condition determine nestling growth. Therefore, parental body condition can mask the effect of 
the egg volume and HA on intra clutch hierarchy. Using a cross-fostering experiment we were able to 
disentangle the effect of HA and ESD from parental body condition. We found that hatching asynchrony 
had a negative effect on last-hatched chicks, but this disadvantage was mitigated by egg size 
dimorphism in their favor. Moreover, females in good condition invest more in second than in first 
chicks, which, added to a greater investment by foster fathers, leading to offspring fledging in good 
condition. On the contrary, for the first-hatched chicks, we found that body condition of the biological 
father was an important factor for their growth. We conclude that raising more than one chick seems to 
be a decision based on parental condition throughout the breeding season. 
 

2A-A-3: Identifying personality in razorbills (Alca torda) 

Authors: Matthew Legard¹ 

¹University of Manitoba 

Animal personality is defined as consistent between-individual differences that are stable across 
contexts and persist through time. These between-individual differences can result in divergent foraging 
behaviour and reproductive success and influence how individuals respond to environmental change, 
with the potential to alter population dynamics. Although personality has been found in numerous taxa 
throughout the animal kingdom, few studies have focused on seabird species. This study aimed to 
determine whether personality can be identified in razorbills (Alca torda) from the family Alcidae. Three 
tests of personality were carried out on chick-rearing razorbills (n=31) during 2021 in coastal 
Newfoundland, Canada, to quantify the frequency of personality traits along the shy-bold continuum. 
Personality tests involved quantifying behavioural responses to extraction from the rock crevice 
breeding site and to a period of restraint, along with human ratings of boldness for each individual. 
Preliminary findings suggest these methods may be successful at identifying personality in this species, 
as razorbills exhibited a wide range of behavioural responses along the shy-bold continuum along with 
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individual consistency between tests. Personality was investigated in relation to reproductive success, 
breeding site complexity and previous overwintering distribution. The next steps include repeating 
personality tests on these same individuals in subsequent years to test behavioural consistency across 
time and contexts (i.e. varying prey availability) and further relating these personality differences to 
variation in reproductive success and foraging/ movement patterns during the breeding and non-
breeding season. This study represents a first step in quantifying personality in this alcid species, which 
will inform intraspecific response diversity and, thus, the ability of razorbills to cope with future 
environmental change. 
 

2A-A-4: Courtship activity of the secretive Cape Verde petrel: a multi-locality approach using sound-

recorders 

Authors: Teresa Militão¹, Júlia Pujol-Casado¹, Manuel Rodríguez¹, Jacob González-Solís¹ 

¹University of Barcelona 

Most petrels are nocturnal on land and use calls as the main channel of communication among them. 
Gadfly petrels, especially unpaired birds, use aerial calling during their courtship flights, but factors 
influencing this behaviour are poorly studied. The Cape Verde petrel (Pterodroma feae) is a gadfly petrel 
endemic of Cabo Verde, breeding secretively at low densities in the mountains, where they seldom 
vocalize. In contrast, they are extremely noisy during courtship flights, which normally occurs over the 
top of high mountain areas of difficult access, thus complicating the study of their call behaviour. In this 
study, we deployed sound recorders at the main courtship areas located at the four islands (Santo 
Antão, São Nicolau, Santiago and Fogo islands) where Cape Verde petrels breed to shed a light on the 
courtship behaviour. Sound recorders were programmed to register sounds up to 48KHz from sunset to 
midnight for 5 min recording intervals every 5 minutes for a minimum of 2 months of continuous 
recording. We evaluated how the call behaviour was influenced by the hours since the sunset and the 
moon cycle and how it varied by island and throughout the breeding season. We found a lower number 
of calls in nights with high moonlight intensity, typically in the previous days to full moon and during the 
first hours after sunset. There were important differences across islands, probably reflecting distinct bird 
abundances. The peak of callings occurred during the pre-laying and hatching periods, probably 
matching the main courtship periods, i.e., before laying and after early breeding failure. The Cape Verde 
petrels are being threatened by light and noise pollutions and by the construction of anthropogenic 
infrastructures at the study courtship areas. The use of sound recorders can facilitate the monitorization 
of seabirds' activity with low economical and logistic effort, the assessment of the impact of on-land 
threats and help seabird conservation management. 
 

2A-A-5: THE ROLE OF LEARNING IN SEABIRD NAVIGATION 

Authors: Oliver Padget¹, Tim Guilford¹ 

¹University of Oxford 

Seabirds are nature's greatest navigators, efficiently utilising resources many hundreds of kilometres 
away from their breeding colonies. Recent work has elevated Procellariiform seabirds to one of the main 
models for animal navigation, and as a consequence much is now known about the sensory 
requirements for long distance homing in these species. Despite now understanding the cues probably 
involved in seabird navigation (e.g. atmospheric odours, sun azimuth), little is known about the more 
cognitive aspects of space-use over the world's oceans. Here, we present the analysis of data from free-
ranging and experimentally displaced Manx shearwaters (Puffinus puffinus) aimed at understanding the 
learning and information processing aspects of seabird navigation by capitalising on shearwaters' 
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reluctance to fly over land. Analysing the homing portions of free-ranging GPS tracking data, we find 
that shearwaters appear to navigate without knowledge of islands and peninsulas that intervene 
between their location and home (the colony) suggesting that often they do not consult a familiar area 
map. Furthermore, when we translocated shearwaters to the far side of the island of Ireland we found 
that 4 out of 13 birds navigated home via the longer route travelling 900 km further as a result. This 
corroborates our assertion that often free-ranging Manx shearwaters use true navigation even from 
places which are probably familiar, but also raises a question about whether outward journey 
information might inform shearwater navigation, since large detours the wrong way around islands are 
not observed in natural tracks. We discuss whether these data really amount to evidence for a true 
navigational map, and what we believe they tell us about the navigational algorithms which underpin 
animal space-use more broadly. 
 

2A-A-6: Friends with benefits: The importance of chick sociality for survivorship in a precocial seabird 

Authors: Jonathon Sadler¹, John Colbourne¹, Roger Dickey², Sam Weber³, Adriana Maldonado-Chapirro¹, 

James Reynolds¹ 

¹University of Birmingham, ²Land Forces Directorate, ³Ascension Island Government 

Social aggregations of chicks often occur in avian species with precocial young. Chicks are left alone for 
periods of time by both parents while they forage, and may or may not be guarded by other parents 
feeding their own chicks. The benefits of chick aggregations are thought to include reduced predation, 
increased thermoregulation, and social information transfer but few studies have examined the effects 
of sociality on chick survivorship. Our study investigated variation in chick sociality in a colonial seabird, 
the sooty tern Onychoprion fuscatus on Accession Island, South Atlantic. The number of chick associates 
(or 'friends') varied with chick age, at first increasing with age and then declining as fledging 
approached. Our results indicate that social group size may be a response to predation pressures during 
a period of increased vulnerability related to developmental stage. This has conservation management 
implications in terms of the need for introduced predator control together with further understanding 
of the predation rates by endemic Ascension Frigatebirds Fregata aquila. Our study highlights the 
importance of the accountability of offspring social connectivity as a driver of population-level breeding 
performance in demographic studies of species with socially aggregating young. 
 

2A-A-7: To Sleep or Not to Sleep? Effects of nocturnal predators and predation risk on sleep behavior 

in incubating Common Terns (Sterna hirundo) 

Authors: Jennifer Arnold¹, Stephen Oswald¹, Paul Curtis², Ryan Hartman¹, Emily Case¹, Alexis Albu¹, Devin 

Tipton¹ 

¹Penn State University, Berks Campus, ²Cornell University 

Little is known about sleep and vigilance in terns despite nocturnal predators causing widespread 
breeding failure. In a 2013-2018 study of two North American Common Tern breeding colonies, we 
found surprisingly large differences in sleep duration and vigilance that we hypothesized were due to 
long-term predation risk (e.g., 64% of night with eyes open at the high-risk site versus 17% at the low-
risk site). Here, to tease out the effects of predation from other colony-specific differences, we take 
advantage of a natural experiment in 2019 (when predation pressure was reversed) and expand this 
work to include diurnal sleep patterns. We recorded sex-specific sleep and vigilance behaviors during 
incubation for marked adults at both sites using 1-min time-lapse photographs taken throughout 48-h 
periods for 19 nests. In 2020, we investigated evidence for compensatory sleep at roosts and in 2021 we 
used time-lapse video to explore fine-scale sleep behavior. The presence of active predators at the low-
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risk site reduced the sleep of terns three-fold, but there were no diurnal differences in sleep between 
sites or sexes. Sexes distributed nocturnal incubation evenly and were equally vigilant, but at the high-
risk site only one partner was ever present at night, even on nights when predation was not evident. 
Sleep at roosts was uncommon and reduced on nights when predators were present. In 2019, 
incubating terns at the high-risk site were never observed in deep sleep, and at the low-risk site terns 
entered deep sleep for <70 min on average. There was no evidence for compensation by sleeping during 
the day or at roosts. Thus, nest predators caused substantial reductions in sleep. While research on 
other taxa suggests that some birds may accommodate periods of sleep deprivation during migration, 
the physiological and fitness consequences of predator-induced sleep reduction during breeding have 
yet to be explored. 
 

B – Biology/Breeding Biology/Nonbreeding Biology  

2A-B-8: BREEDING SEASONS OF Sula SPP. IN FERNANDO DE NORONHA ARCHIPELAGO 

Authors: Lucas Santos¹, Ricardo Krul², Hellen Rocha¹, Patricia Serafini¹ 

¹Chico Mendes Institute of Biodiversity Conservation, ²Brazilian Institute for Conservation Medicine 

(Tríade) 

Closely related to the gannets (Morus), the Genus Sula (Brisson, 1760) occurs widely in island and 
coastal regions of the world and, in respect to breeding biology, several localities shows different 
breeding patterns and seasonal variations. Three species occurs in Brazil among the seabirds species of 
the Fernando de Noronha Archipelago, the Masked Booby (Sula dactylatra), the Red-footed Booby (Sula 
sula) and the Brown Booby (Sula leucogaster). Fernando de Noronha consists of 21 oceanic islands 
present in the South Atlantic region (3º51'13ʺN, 32º25'25ʺO) and its climate present a dry (August to 
February) and a rainy season (March to July; Aw Köppen-Geiger CC). In this context, we analyzed Sula 
spp. population counts to assess similarities and differences in their breeding patterns in each climatic 
season. Semiannually, from 2018 to 2019, we surveyed active nests through remote visual census 
(Lugan® 10x42m binoculars) and direct counting of nearby nests to identify the number of eggs and 
nestlings stages. For all species, reproductive activities were verified in both seasons, there was no 
statistical difference in seasonality considering the number of breeding pairs, although a very high peak 
of active nests was noted in May 2018. However, there was a difference between the average 
proportion of the number of nestlings per active nest in S. sula (rainy: 5.4%, dry: 62.7%) and S. 
dactylatra (rainy: 32.9%; dry: 95.8%). These data indicate that the reproductive period and breeding 
behavior, as nest formation and mating, happens largely along the year and differs subtly among Sula 
species. The present study corroborates with other researches, showing that the Boobies' breeding 
appears to occur throughout the seasons with fluctuations connected to climatic conditions and feeding 
factors. A long term monitoring program for these species is underway and potentially monthly surveys 
that have initiated may support further information about theirs phenological characteristics. 
 

2A-B-9: Behavioural flexibility in the face of energetic constraints: diverse winter foraging strategies of 

an Arctic seabird 

Authors: Allison Patterson¹, Grant Gilchrist², Dave Fifield², April Hedd², Greg Robertson², Kyle Elliott¹ 

¹McGill University, ²Environment and Climate Change Canada 

Homeothermic marine divers in Polar regions face an energetic bottleneck in winter. With their 
relatively small body size and limited fat stores, the challenges of short days and cold temperatures at 
high latitudes are exacerbated for seabirds. We used light-temperature-depth recorders to examine the 
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role of marine habitat, day length, moon illumination, and the state of the North Atlantic Oscillation 
(NAO) on strategies thick-billed murres use to survive winter in the Northwest Atlantic. We found that 
murres made regular use of two distinct marine provinces: cold (-0.1 ± 1.2 °C), shallower water along the 
Labrador and Greenland Shelves and warmer (3.1 ± 0.3 °C), deep water in the Labrador Basin. In the cold 
shelf water, murres used a feasting strategy, with more flying and less foraging each day, resulting in 
high daily energy expenditure but also high apparent energy intake; this strategy was most evident in 
early winter when day lengths were shorter. Murres in warmer basin water employed a night-feeding 
strategy, with more foraging under low light conditions (nautical twilight and night). In warmer basin 
water, murres increased diving at night when the moon was full, likely taking advantage of diel vertically 
migrating prey. Changes in daily NAO had direct effects on the behaviour of murres in warmer basin 
water: under negative NAO, murres dove more at night and foraging efficiency increased, while under 
positive NAO, murres dove mostly during the day and foraging efficiency declined. Individual murres 
were able to use both habitats and both strategies, feasting and night-feeding, with significant flexibility 
in the amount of time individual murres used these two habitats. Warmer waters within the Labrador 
Basin provide an important and under-appreciated habitat for thick-billed murres, and potentially other 
seabird species, in mid-winter. The proximity of two distinct marine habitats in this region could be 
advantageous to wintering seabirds, providing a selection of foraging options to cope with the 
challenges of winter. 
 
2A-B-10: Long-term study of Black Guillemots in Iceland 
Authors: Aevar Petersen¹ 
¹Independent researcher 
An introduction to a population ecology study of Black Guillemots Cepphus grylle in Iceland. The species 
has been studied on Flatey island over 40 years. Comparative information of certain aspects is available 
from neighbouring islands. 
 

2A-B-11: Strategies for timing of nest departure in the common guillemot Uria aalge 

Authors: Malin Johansen¹, Tone Reiertsen², Susanne Jenni-Eiermann³, Nigel Yoccoz⁴, Kjell Einar Erikstad² 

¹Norwegian Polar Institute, ²Norwegian Institute for Nature Research, ³Swiss Ornithological Institute, 

⁴University of Tromsø - The Arctic University of Norway 

Duration of parental care in avian species varies widely, from altricial to precocial species. The seabird 
family Alcidae is unique among birds in their variation of mass and age of juveniles at nest departure. 
The common guillemot Uria aalge exhibits an intermediate nest departure, where the chick leaves the 
nest flightless and only at a quarter of adult body size. The aim of this study was to examine factors 
controlling chick growth and timing of nest departure. To assess this, we followed common guillemot 
families including mother, father and chick from hatching to post-departure. Both parents and chick 
were sampled as soon as possible after hatching and followed throughout the nestling period. At nest 
site, samples were taken of each parent in each family twice to assess baseline corticosterone (CORT) 
levels and body condition at the onset and the end chick rearing period. Chicks were monitored at nest 
site by measuring body condition at hatching (1-4 days), 15 days of age, and 20 and 25 days of age if 
chick was still at nest site. The topography of the study site made it possible to catch the chicks after 
they had jumped from the nest site. This provided us with unique measurements of body conditions on 
chick post-departure. We found a positive relationship between chick age at nest departure and 
maternal body condition around hatching, indicating that mothers in better condition could afford a 
longer chick rearing period. Both paternal and maternal baseline CORT-level and body condition 
influenced weight and wing-length of the chicks at departure. Indications of strong synchronized 
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departure events during the evening hours were found: 30 of the 40 chicks followed in the present 
study, departed the colony in five evenings only. Moreover, the observed departure events were highly 
weather dependent: strong winds directed towards the colony were avoided. 
 

2A-B-12: Coordinated chick provisioning in an Arctic seabird, the Litlle Auk, Alle alle 

Authors: Antoine Grissot¹, Marion Devogel¹, Dorota Kidawa¹, Marcelo Araya-Salas², Dariusz Jakubas¹, 

Katarzyna Wojczulanis-Jakubas¹ 

¹University of Gdansk, ²Universidad de Costa Rica 

Parental care is commonly seen as a conflict between parents, although an increasing number of studies 
examines it in birds in the context of parental coordination. The pattern of coordination varies across 
species but its broad occurrence suggests an adaptive value: it may increase fitness via faster offspring 
growth rate and/or higher body reserves of the parents. Most studies have focused on passerines but 
coordination of parental performance have also been reported in two seabird species. Pelagic polar 
seabirds are a particularly interesting ecological group for studying parental care and coordination: 
harsh environmental conditions impose bi-parental care, and high variability within and across breeding 
seasons promotes flexibility in parental investment, in order to secure breeding success. In the Little 
Auk, Alle alle, an Arctic alcid adopting a bimodal foraging strategy (alternation of long trips with several 
short trips), parents do coordinate their foraging trips during the chick-rearing period, avoiding to 
perform long trips simultaneously, thus enabling a more even distribution of feeding through time. 
However, drivers and mechanisms of the coordination, and its consequences still remain open 
questions. We thus investigated to what extent the pattern of coordinated provisioning represents a 
flexible response to foraging conditions by examining coordination across five breeding seasons varying 
in terms of environmental conditions. We found high variability in the level of the coordination between 
pairs, and this variability was similar across all study seasons, which represented a wide range of 
experienced environmental conditions. Nevertheless, we found that when conditions were 
characterized by the delivery of higher-energy food loads, the level of coordination exhibited by the 
studied population was higher. These findings suggest that environmental conditions somehow affect 
parental coordination, but explain very little of the observed inter-pair variability. We now aim to keep 
investigating the drivers of coordination, to understand better what shapes its variability, by focusing on 
life-history traits and pair characteristics, such as breeding experience and strength of the pair bond. 
 

2A-B-13: Evidence of common diving petrel breeding at Marion Island 

Authors: Stefan Schoombie¹, Maëlle Connan², Janine Schoombie³, Ben Dilley¹, Peter Ryan¹ 

¹FitzPatrick Institute of African Ornithology, ²Nelson Mandela University, ³University of Pretoria 

Elusive nocturnal burrowing species are notoriously difficult to study and can go unnoticed for years in 
remote areas. One of these species is the Common Diving Petrel Pelecanoides urinatrix which is 
observed commonly at sea in the Southern Ocean and has a circumpolar breeding distribution. At the 
sub-Antarctic Marion Island, the species was breeding up to at least the 1950s before it was thought to 
have been extirpated by cat predation and its current breeding status was unknown until the present 
work. Once the species was discovered breeding in 2015 in the south of the island, transect estimates 
were conducted in October 2015 and February 2016 in the confirmed breeding area. A number of active 
nests were found over a ~2 km² area characterised by Poa cookii vegetation and a steep south-facing 
slope. In the 2019-20 breeding season, breeding phenology and success were studied from 36 nests 
located in the same breeding area. The birds were regularly calling from inside their burrows from mid-
September. Laying started in early October with the first chick observed on 20 December. Hatching 
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peaked in early January and chicks fledged from the end of February to mid-March. This breeding 
phenology is similar to the one detailed at the neighbouring Crozet islands. The breeding success 
recorded at the Marion Island colony was 58% for the 2019-20 breeding season. The species was also 
discovered breeding in other coastal areas around the island. The late discovery of this species breeding 
again at Marion Island questions whether it had gone unnoticed for years, or the elimination of cats in 
the early 1990s allowed for Common Diving Petrels to recolonize the island. If the latter, this 
recolonization may be short-lived as mice have been identified predating upon a number of surface 
nesting and burrowing seabirds. 
 

C – Bycatch  

2A-C-14: Seabird bycatch in Argentina: a text mining analysis of the national and international 

regulations tools 

Authors: Agustina Iwan¹, Sofía Copello¹, Soledad Arqueros², Laura Zulaica³ 

¹Instituto de Investigaciones Marinas y Costeras (UNMDP, CONICET), ²Instituto de Investigaciones Gino 

Germani (FSOC-UBA, CONICET), ³Instituto del Hábitat y del Ambiente (FAUD-UNMDP, CONICET) 

The seabird bycatch rate has increased in the last decades due to the constant pressure on the 
resources, coupled with poor sustainable management, the rapid development of fisheries technologies 
and the lack of regulatory accompaniment. Incidental mortality in fisheries is one of the top threats to 
seabirds globally, making this group of birds the most endangered worldwide. Various technical 
contributions have been made to reduce incidental mortality. However, the fact that the problem 
continues, shows the need to delve into other factors, such as the social dimension and the importance 
of approaching it from other fields of knowledge. The objectives of the study were: 1) to compile the 
current regulations associated, directly or indirectly, with seabirds and their conservation, both at a 
national and international scale and 2) to analyze through word clouds technique the most 
representative terms present in the regulations. A total of eight national laws and ten international 
treaties were compiled. The frequency of occurrence of words at the national scale was: national, 
enforcement, authority, fishing, federal, environmental, council and fishing. Regarding international 
treaties, the most frequent words were: convention, authority, conformity, zone, sea, measures, law 
and ships. The fact that words such as fauna, biodiversity, conservation or birds are not among the most 
commonly used terms in treaties and laws on the subject, highlights the approaches of these documents 
and the paradigms that underpin them. On the other hand, there is a marked presence of words such as 
authority, fishing and ships. By comparing the content of both bodies of documentation, as a 
preliminary result, it is observed a predominance of words associated with geopolitical issues and fishing 
as an economic activity rather than a comprehensive approach of cross-border fisheries management 
focused, as well, on the conservation of marine mega fauna. 
 

2A-C-15: Reduction in seabird mortality in Namibian fisheries following the introduction of bycatch 

regulation 

Authors: Nina Da Rocha¹, Rory Crawford¹, Steffen Oppel¹, Stephanie Prince¹, Samantha Matjila², Titus 

Shaanika², Clemens Naomab², Oliver Yates³, John Patterson², Kaspar Shimooshili⁴, Ernest Frans⁵, Suama 

Kashava⁵ 

¹Royal Society for the Protection of Birds, ²Namibia Nature Foundation, ³CEFAS, ⁴University of Namibia, 

⁵Ministry of Fisheries and Marine Resources 

Many industrial activities impose a threat on biodiversity, and it is unclear to what extent environmental 
regulations can reduce the threat of such activities. Bycatch in industrial fisheries is one of the greatest 
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sources of mortality for seabirds, but a threat for which effective mitigation exists. Here we quantify 
whether the introduction of a new regulation that required the use of bird scaring lines reduced seabird 
mortality in two of the most hazardous fisheries in the South Atlantic. The Namibian hake demersal 
trawl and longline fisheries, estimated to be killing 20,000-30,000 birds/year, have been required to use 
bird-scaring lines since 2015. We used data from BirdLife International's Albatross Task Force and the 
Namibian Fisheries Observer Agency to quantify changes in seabird mortality in these fisheries before 
and after the introduction of these regulations. Our estimated bycatch rates in the longline fleet were 
0.468 birds/1000 hooks (95% confidence interval 0.067-1.450) before regulations and 0.004 birds/1000 
hooks (0.001-0.013) following their introduction, a 98.4% reduction. Our estimate suggests that 215 (1-
751) seabirds were killed across this fleet in 2018 compared to 22,222 (3187-68,786) in 2009. In the 
trawl fleet, observers recorded seabird mortality resulting from interactions with trawl cables. The 
average rate of heavy interactions was 1.09 interactions/h (0.81-1.39) before the regulation came into 
effect, and 0.49 interactions/h (0.23-0.84) since then. Extrapolations based on the number of observed 
fatal interactions suggest 1452 (0-3865) birds were killed by this fleet in 2017 compared to 7030 (0-
16,374) in 2009. The lower mortality reduction in the trawl fleet is likely due to incomplete 
implementation of regulations and highlights the importance of adequate enforcement for effective 
bycatch mitigation. Overall, we demonstrate that regulations that mandate that well-tested safeguards 
are used during industrial operations can have enormous benefits for the conservation of threatened 
species. 
 

2A-C-16: Reductions in seabird mortality in the Namibian hake demersal longline fleet following the 

introduction of regulation 

Authors: Nina da Rocha¹, Rory Crawford¹, Steffen Oppel², Stephanie Prince¹, Samantha Matjila³, Titus 

Shaanika³, Clemens Naomab³, Oliver Yates⁴, John Paterson³, Kaspar Shimooshili⁵, Ernest Frans⁶, Suama 

Kashava⁶ 

¹RSPB/ BirdLife International, ²RSPB, ³Namibia Nature Foundation, ⁴CEFAS, ⁵University of Namibia, 

⁶Ministry of Fisheries and Marine Resources 

Bycatch in fisheries is one of the greatest sources of mortality for procellariforms, but a threat for which 
effective bycatch mitigation measures exist. Here we quantify the change in seabird mortality following 
the introduction of requirements to use bird-scaring lines in what has been coined the world's deadliest 
fisheries for seabirds - previously estimated to be killing over 20,000 birds/year. We used data from 
BirdLife International's Albatross Task Force and the Namibian Fisheries Observer Agency to quantify 
changes in seabird mortality in the Namibian hake demersal longline fishery before and after the 
introduction of bycatch mitigation regulations in 2015. Bycatch rates were estimated at 0.468 
birds/1,000 hooks (95% confidence interval 0.067-1.450) prior to regulations and 0.004 birds/1,000 
hooks (0.001-0.013) following their introduction, corresponding to a 98.4% reduction. Vessels were 
observed to preferentially set lines before nautical dawn across both sampling periods, which may play 
an important role in reducing seabird bycatch. Single bird-scaring lines were used on 95% of all observed 
sets in the post-regulation period and our revised estimate suggests that 215 (1-751) seabirds were 
killed across this fleet in 2018 compared to 22,222 (3,187-68,786) in 2009. This represents an important 
conservation achievement for seabirds in the Southern Ocean and further emphasises the efficacy of 
well-established best practice mitigation measures. We recommend that species-specific seabird 
bycatch data collection becomes integrated into standard fishery data collection protocols in Namibia, 
to ensure that seabird bycatch rates are monitored and used to inform fisheries management. 
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D – Climate change  

2A-D-17: Sea ice affects breeding phenology of a polar seabird with fitness consequences 

Authors: Christophe Sauser¹ 

¹Centre d'étude biologique de Chizé 

Breeding at the right time is essential for animals in seasonal environments to ensure that energy 
requirements for reproduction, especially the nutritional needs during the rearing period, coincide with 
maximum food availability. Climate change is likely to cause modifications in peaks of food availability 
and polar environments may be particularly affected. Seabirds, with long generation times, have a lower 
evolutionary rate than organisms with a short generation time, making them more vulnerable to a 
mismatch between their needs and available resources. Here, we used a 24-year dataset to study the 
phenological response of snow petrels to climate change and the impact on breeding parameters. At 
first, we looked at the impact of climate on the average hatching date and first hatching dates of three 
colonies. In a second step, we examined the impact of the hatching date on the fledging probability. The 
hatching date was determined mainly by the laying date but also by the incubation period. Our results 
show that the sea ice concentration during the incubation period influenced the average hatching date 
of the three colonies studied, but not the average date of first hatching. Our results also show that the 
average hatching date had a negative influence on the fledging probability in the three colonies. During 
the study period, the average hatching date tended to be delayed for the three colonies; however, the 
hatching probability did not show a temporal trend. We suggest that the snow petrel population adjusts 
its breeding season in response to a change in sea ice concentration. However, this plasticity may be 
limited, potentially making snow petrel highly vulnerable to the future mismatch between resource 
availability and nutritional needs. 
 

2A-D-18: Facing extremes: Cory's shearwaters make different foraging decisions in response to 

contrasting phases of the North Atlantic Oscillation 

Authors: Jorge Pereira¹, Vitor Paiva¹, Filipe Ceia¹, Jaime Ramos¹ 

¹Department of Life Sciences, University of Coimbra 

Climate change is recognised as a global threat to biodiversity, leading to critical changes in species' life-
history traits. Projections for future climate predict the increasing frequency and severity of extreme 
climatic events for the next decades. Therefore, extreme phases of climatic indices are emerging as one 
of the most dangerous effects of climate change, though their impacts on wildlife populations are still 
poorly understood. Here, we studied the foraging tactics adopted by a neritic (Berlenga Island) and 
oceanic (Corvo Island) population of Cory's shearwaters (Calonectris borealis) in the mid-North Atlantic 
during the two most extreme and contrasting phases of North Atlantic Oscillation (NAO) reported for 
recent decades, and described their impacts on body condition of both adults and chicks. We showed 
that during a record-breaking negative NAO, individuals from Berlenga decreased the time spent 
foraging, providing less food to chicks, which grew slowly and were in poorer body condition. The 
opposite pattern was noticed during a strong positive NAO phase, with this population benefiting from 
favourable upwelling conditions within the Portuguese coast. Interestingly, individuals from Corvo 
responded differently from those of Berlenga to the patterns described before. During the same 
negative NAO phase, birds from Corvo were more successful in foraging and breeding performance, 
taking advantage from the enhanced productivity associated to cyclonic eddies occurring close to the 
colony. However, facing the prevalence of anti-cyclonic eddies near the colony during a strong positive 
NAO phase, individuals travelled longer distances to locate productive foraging grounds, lowering their 
own body condition and that of their chicks. Our study suggests that coastal populations of pelagic 
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seabirds in the eastern North Atlantic could be more resilient to climate change given the proximity to 
constant productive coastal upwelling, while oceanic populations are likely to be more vulnerable to 
changes in large and local-scale marine productivity. 
 

E – Conservation  

2A-E-19: Interaction between seabirds and recreational fisheries: a new transdisciplinary conservation 

program for the responsible disposal of fishing debris in Argentina 

Authors: German Garcia¹, Ariadna Gorostegui Valenti², Maximiliano Hernandez¹, Francisco Zumpano¹, 

Melina Castano¹, Victoria Cabral³, Marco Favero¹, Juan Pablo Seco Pon¹ 

¹Instituto de Investigaciones Marinas y Costeras (UNMdP-CONICET), ²Facultad de Humanidades, 

Universidad Nacional de Mar del Plata, ³Instituto del Hábitat y del Ambiente, IHAM-FAUD, Universidad 

Nacional de Mar del Plata 

Environmental impacts of marine or coastal debris are evident at the global scale. There is ample 
evidence indicating severe impacts of debris resulting from fishing operations in coastal economies, as 
well as marine megafauna, including seabirds through entanglement with and ingestion of debris. The 
later became evident in the northern coasts of Argentina, particularly affected by poorly planned 
urbanization and the consequent habitat degradation affecting wildlife. Further, recent literature has 
shown detrimental effects of fishery debris on seabirds, resulting in severe injuries and mortality in a 
range of species. Our interdisciplinary project seeks to improve the health of coastal areas in northern 
Argentina, focusing in Mar Chiquita coastal lagoon, an Important Bird and Biodiversity Area subject to an 
intensive use as recreational resort. We implemented a research and conservation program focused in 
understanding the nature and characteristics of stranded debris in coastal areas, and contributing 
towards its reduction through the implementation of an outreach and awareness transdisciplinary 
programme. We surveyed the perceptions of anglers and tour operators on their recreational activity 
and the potential effect of the by-products generated by this activity on the environment. Using the 
information obtained and with all stakeholders involved, a trial was conducted installing debris 
collectors in key areas of the estuary, accompanied by outreach posters and brochures. These collectors 
were monitored on a weekly basis during six months. A total of 212 kg of fishing-related debris (e.g. 
monofilament lines holding some 416 hooks, plastic containers with bait remains) and another 100 
kilograms of debris related to recreational activities were classified and quantified. Currently, we are on 
the second stage of the project, monitoring the collectors and the behavior in this recreational activity, 
confident that this transdisciplinary approach to conservation is the one needed to drive significant 
changes in the way humans use coastal areas. 
 

2A-E-20: Creating lost colonies from scratch: artificial nests to the critically endangered Lesser and 

Great Frigatebirds from Trindade Island, Brazil 

Authors: Patricia Serafini¹, Gustavo Leal², Guilherme Nunes³, Marcio Efe⁴, Ricardo Krul⁵, Andre Elias-

Paiva⁶, Ruy Alves⁷, Nilber Silva⁷, Fabricio Escarlate-Tavares¹, Fabio Oliveira⁸, Gabriela Oliveira², Leandro 

Bugoni² 

¹ICMBio, ²FURG, ³UFRGS, ⁴UFAL, ⁵Tríade, ⁶UnB, ⁷MNRJ, ⁸UFMG 

Recovering critically endangered populations poses a challenge to conservationists, especially when 
breeding sites are restricted to remote areas and birds depend on specific conditions. Trindade is a 
volcanic island arising over 1100 km east of Brazil mainland and is the only remaining breeding site for 
Fregata minor nicolli and F. trinitatis, both critically endangered. Severe population decline is due to the 
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dependence on trees for nesting, which were destroyed by goats over the 19th and 20th. Frigatebirds 
were still nesting on remains of trees of Trindade in 1916 and 1925, but appear to have been gone by 
1950; they were certainly absent from the main island by 1975-1976. For the past 30 years, less than 20 
pairs have been recorded on a small islet off the southern point of the island, nesting on the ground. On 
the main island of Trindade, however, presence of native land crabs (Johngarthia lagostoma), and the 
invasive and abundant house mice (Mus musculus) make ground nesting probably not feasible. Brazilian 
Navy snipers eradicated goats by 2005, with nearly immediate recovery of some components of the 
native vegetation, but trees are still not available. Thus, Brazilian researchers set up a conservation 
project (RETER-Trindade), which erected until now ten artificial nests and roosting perches with three 
decoys in areas most suitable for frigatebirds. Monitoring of the artificial nests occurs with camera traps 
and expeditions to the area. Since November 2018, six field expeditions were accomplished to this 
remote site, it was censused an overall of four Fregata trinitatis and ten F. minor nicolli (2019). 
Extinction of these populations would imply in loss of global biological diversity, also loss of genes that 
could increase the evolutionary potential of Pacific and Indian Ocean conspecific populations. To try 
everything in our hands to save those Trindade frigatebirds represent an iconic attempt to fight against 
the loss of seabird species in the world. 
 

2A-E-21: Have we achieved a balance? Evaluating the effects of guano extraction campaigns with 

applied mitigation strategies on Peru's biggest Humboldt penguin breeding colony (2008-2019) 

Authors: Leonardo Doig-Alba¹, Alonso Bussalleu¹, Susana Cárdenas-Alayza¹, Marco Cardeña-Mormontoy¹, 

Armando Valdés-Velásquez¹ 

¹Universidad Peruana Cayetano Heredia 

In the past, Humboldt penguin (HUPE) colonies in Peru have been greatly impacted by guano extraction 
campaigns. At Punta San Juan (PSJ), the largest HUPE breeding area in the country, mitigation strategies 
have been developed since 2001 to minimize negative effects on this species´ population (e.g. 
management of extraction areas and use of visual barriers). Even so, interaction with campaign stimuli is 
still witnessed and might be causing impacts. To date, little is known about the effectiveness of the 
applied strategies. This study aims to determine the effects that the 2012 and 2019 campaigns had on 
the biggest HUPE colony at PSJ. We conducted three analyses. First, using nest counts during an 11 year 
period (2008-2019) we assessed if campaign years present significant temporal or size variation using a 
non-parametric multivariate analysis. Second, during campaign years we evaluated differences in 
phenology between sectors of the colony given their proximity to extraction zones. Finally, we used a 
GLM to estimate the relationship between sector distance to extraction zones and the number of active 
nests (nest desertion proxy) during campaign years. Results of the inter-annual and inter-sector analysis 
showed no evidence of campaign impacts. The GLM revealed no significant relationship between 
distance and nest counts. However, downward trends in overall population and irregular variation in 
HUPE phenology since 2015-16, 2017 El Niño events might be masking possible 2019 campaign effects. 
This study contributes much-needed scientific evidence into the effectiveness of mitigation strategies 
for guano campaigns at PSJ developed thanks to collaborative efforts between academic and 
governmental authorities. Nevertheless, recent changes in population size and nesting phenology are 
worrisome. While this case exemplifies how balance between economic and conservation interests can 
be achieved, it also illustrates the necessity of incorporating other factors in future studies. 
 

2A-E-22: Celebrating Scotland's seabirds - Year of Coasts & Waters 2020/21 

Authors: Emma Philip¹, Kerstin Kober², Laura Bambini³, Daisy Burnell², Richard Howell⁴, Jayne Burns⁵ 
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¹NatureScot, ²Joint Nature Conservation Committee, ³Royal Society for the Protection of Birds, ⁴Marine 

Scotland Science, ⁵Marine Scotland 

Scotland is home to internationally important seabird populations. However, over two thirds of species 
are experiencing declines in breeding abundance. 2020/21 have been landmark years for seabird 
conservation in Scotland. We showcase six partnership initiatives developed to help save our seabirds. 
New marine protected areas: 12 Special Protection Areas (SPAs) for 31 species of marine birds have 
been designated. These are the first wholly marine SPAs in Scotland and include foraging areas for 
seabird aggregations. Scottish Seabird Conservation Strategy: The draft Strategy assesses the pressures 
and threats driving the declines in Scottish seabird populations and identifies actions to reduce the key 
pressures and their impacts on seabirds. Actions are targeted at enabling better delivery of 
management, research, monitoring and communication and will be consulted on later this year. Marine 
Protected Areas Monitoring and Management (MarPAMM): This project is developing cross-border 
capacity for the monitoring/management of globally important seabird populations within the shared 
seas between western Scotland, Northern Ireland and Ireland. By collecting novel information on the 
abundance and distribution of these seabirds, along with the pressures they face, the project is 
developing regional management plans to safeguard key populations. Biosecurity for Life: Many of our 
most important seabird colonies are on islands that are free of mammalian predators. This project is 
putting in place biosecurity measures at 29 Scottish seabird island SPAs to help prevent accidental 
introduction, developing capacity for effective incursion responses and working with stakeholders to 
improve preventative measures on key pathways. A long-term programme is in development that will 
ensure continuation of biosecurity implementation on Scottish seabird islands. Seabirds Count: With 
nearly 12,000 seabird breeding sites surveyed, approximately 1000 surveyors taking part and a global 
pandemic appearing in its final year, the 4th Britain and Ireland breeding seabird census is finally 
complete. The task to understand how breeding seabirds in Britain and Ireland have fared over the last 
20 years, now begins. Message in a bottle: This audio-visual performance for Scotland's Year of Coasts & 
Waters 2020/21 programme draws attention to our impacts on the world's oceans. It focuses on the 
shear range of marine wildlife Scotland is home to and the incredible journeys they make. 
 

2A-E-23: Recent advances in the conservation and ecological study of the endangered Black-capped 

petrel: a multi-level approach from community education to fecal DNA 

Authors: Yvan Satgé¹, Anderson Jean², Jennifer Wheeler³, Adam Brown⁴, Ernst Rupp⁵, Hannah Nevins⁶, 

Brad Keitt⁷, Patrick Jodice⁸ 

¹South Carolina Cooperative Fish and Wildlife Research Unit - Clemson University, ²Jeunes en Action pour 

la Sauvegarde de l’Ecologie en Haïti, ³BirdsCaribbean, ⁴Environmental Protection in the Caribbean, 

⁵Grupo Jaragua, ⁶Independent Researcher, ⁷American 

When threatened seabirds nest in inhabited areas, effective conservation requires involving local 
communities concurrently with ecological studies. In the Caribbean, the remaining nesting areas of the 
endangered Black-capped petrel (Pterodroma hasitata, known as Diablotin) are shared across Haiti and 
the Dominican Republic, two countries where resources for conservation are severely limited. 
Considered extinct until the 1960's, the population is estimated at 1,000-2,000 pairs, with 100 known 
nests located between five documented sites on Hispaniola. Surveys conducted in the last decade have 
shown a significant population decline due to habitat degradation and loss, predation by invasive 
species and collisions with infrastructure. To foster conversation about the conservation of tropical 
species at risk, we report on the progress of conservation actions and research undertaken under the 
auspices of the International Black-capped Petrel Conservation Group. On land, colony monitoring and 
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nest searches started in the 2010's and, to date, ca. 100 nests have been located and are monitored 
annually; in parallel, education and outreach are ongoing in both countries in communities neighboring 
nesting areas: these have ranged from rural development, sustainable agriculture and school programs, 
to the creation of a Black-capped petrel festival and pride campaign. Recent actions are focusing on 
controlling predators at nesting sites, reducing collisions, and finding unknown nesting sites in Dominica, 
Guadeloupe, and Cuba. At sea, little information is available on the species' distribution and its ecology 
but recent studies, ranging from satellite tracking of birds captured at sea to a molecular assessment of 
diet, are expanding our understanding of its marine range and of associated conservation threats. 
Finally, institutionally, the International Black-capped Petrel Conservation Group has used Open 
Standard processes to collectively identify key conservation strategies for the species at local, regional, 
and international levels. 
 

F – Demography  

2A-F-24: Life-history trait effects on fitness in little penguins: the secret of high quality individuals. 

Authors: Claire Saraux¹, Nicolas Joly¹, Andre Chiaradia² 

¹CNRS, ²Phillip Island Nature Parks 

Using a path analysis, we investigated direct and indirect effects of the main life-history traits and 
strategies on the fitness of 147 little penguins monitored throughout their entire life. Surprisingly, 
annual breeding success had a higher effect than longevity on fitness. Yet, once we removed birds that 
never fledged a single chick (1/4th of the individuals which tried to reproduce at least once), this result 
was reversed and longevity became more important. While skipping reproduction had a direct negative 
effect on fitness by decreasing the number of breeding events, its total effect (i.e. sum of direct and 
indirect through longevity) was not significant, suggesting that this strategy (displayed by 35% of the 
individuals) might be a solution to avoid impairing survival and fitness when conditions are harsh. 
Indeed, the propensity to skip a breeding event was not related to individual characteristics or carry-
over effects but was highly variable between years. In the contrary, delayed maturity appeared 
detrimental as the direct negative effect of age at first maturity on fitness was not compensated by its 
indirect effect despite an increase in longevity for birds which mature later. Finally, the number of eggs 
laid per clutch offered very little variation but half of the birds laid more than one clutch in at least one 
year, enabling them to increase their fitness. Surprisingly, the number of clutches per year did not 
impair survival and longevity, as it was actually positively related to longevity. Similarly, we observed a 
strong positive correlation between longevity and the number of chicks fledged per year, observed both 
across an individual lifetime or when we focused on its first three breeding events. Such co-variations 
suggest differences either in individual quality (some being able to both reproduce better and live 
longer) or in environmental conditions (periods when individuals perform better both in terms of 
longevity and reproduction). Inter-individual differences in fitness were not explained by sex or weight 
at fledging but other parameters such as foraging efficiency warranty further investigation. 
 

2A-F-26: Shy males are more likely to divorce in wandering albatross 

Authors: Ruijiao Sun¹, Stephanie Jenouvrier¹, Samantha Patrick², Christophe Barbraud³, Karine Delord¹, 

Henri Weimerskirch¹ 

¹Woods Hole Oceanographic Institution, ²University of Liverpool, ³Centre d'Etudes Biologiques de Chizé 

Personality has been shown to influence reproductive performance and there is new evidence showing 
that personality is linked to pair-bond formation and development in birds. Personality predicts divorce 
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rates in humans but whether personality is linked to divorce in wildlife species is still an open question. 
With access to 54 years of individual-based monitoring of a wandering albatross (Diomeda exulans) 
population in sub-Antarctica, we investigated whether the probability of divorce is linked to personality. 
We posited that shy males have a higher divorce rate in line with the "forced divorce" hypothesis 
whereby the intrusion of a third individual who outcompetes one member of the pair forces the divorce. 
Bold individuals may have a greater propensity to take risks and invest in current reproduction while shy 
individuals are showing greater behavioral plasticity to avoid risky conditions, and may not jeopardize 
their future survival for risky current breeding conditions. Consequently, bold males may be more likely 
to retain their partner in face of an intruder, while shy males are more likely to be outcompeted by an 
intruder. As expected, we showed that personality affects divorce: shy males have a higher divorce rate 
than bold males, but there was no such relationship in females. The lack of any significant relationship 
between female personality and divorce suggests highly sex-specific personality effects, that may be 
related to a male-skewed population whereby the rarer sex: the females have a greater chance to find a 
mate. Therefore, personality can have important implications in investigating the dynamics of pair-bond 
relationships, the evolution of mating strategies, and consequential lifetime outcomes in monogamous 
species. 
 

G – Diet  

2A-G-27: Use of marine resources by a top predator seabird in an Antarctic location with high land 

prey accesibility and low level of interspecific competition 

Authors: Lara Morales¹, Diego Torres¹, Diego Montalti¹, Andres Ibañez¹ 

¹Museo de La Plata (FCNyM-UNLP) 

Resource accesibility and density of competitors are relevant factors that may affect central place 
foragers´ diet and feeding strategy. Brown Skuas -BS- (Stercorarius antarcticus lonnbergi) are generalist 
predators that breed in subantarctic islands and Antarctica. When breeding in sympatry with other 
competing species a division of the foraging niches occurs. At Esperanza/Hope Bay, Antarctic Peninsula, 
BS breeding pairs coexist with a numerous pygoscelid breeding colony. Moreover, at this location there 
is a low level of competition, which is exclusively between breeding and non-breeding conspecifics. In 
this scenario we expected that breeder´s diet was almost entirely composed by the most accessible and 
abundant resource: penguins. However, we reported a high consumption of marine prey; even higher 
than in other locations from the Antarctic Peninsula with different resource accesibility, and degree of 
competition. Because the relevance of these resources the aim of this study was to determine the use of 
marine prey by BS during different breeding stages. For this, regurgitated pellets were collected during 
the breeding seasons 2014/15-2015/16 (December to February) and then the content was analyzed. 
Prey items were categorized as penguins, fish, mollusc and other invertebrates, and occurrence 
frequency (OF) was calculated. Penguins were the main prey consumed, however, despite the high 
accesibility of this prey the consumption of fish was high. Fish and mollusc OF increased during 
incubation and early care of chicks. Besides, during these stages the number of non-breeders increase 
significantly and, both populations show an overlap in the feeding niche. The increasing use of marine 
prey as supplement energy source may be associated to the changing degree of central place forager 
during breeding, as well as, a decrease in penguin availability, to an increase in competition with non-
breeders or failed breeders, or ultimately to an specialist behaviour of this population. 
 

2A-G-28: Metabarcoding, Stables Isotopes and Tracking: unraveling the trophic ecology of a winter-

breeding storm-petrel (Hydrobates castro) with a multimethod approach 
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Estudo das Aves 

Detailed information on diet and foraging ecology is scarce for most small seabirds such as storm-
petrels. In this study, we used molecular techniques, stable isotope analysis, and geolocators to study 
the diet, trophic ecology, and at-sea distribution of Madeiran storm-petrels (Hydrobates castro) 
breeding in Farilhões Islet, Portugal, in 2015 - 2017. The diet of Madeiran storm-petrels was dominated 
by fish for both sexes and study years, with Gadidae representing the main prey family. In 2017, females 
also fed on Aulopiformes, Stomiiformes and Myctophiformes, which were not identified in the other 
groups, suggesting some degree of inter-annual and intersexual plasticity in their diet. The carbon 
isotopic ratios of birds during 2017 were significantly higher when compared to 2015, which might be 
related to foraging near coastal areas in 2017. Indeed, tracking data for 2017 show that birds foraged 
near the colony and near the West African coast. Overall, both sexes of this species exhibited a similar 
trophic ecology and diet during the breeding season. However, intersexual differences occurred during 
the non-breeding season, when females showed significantly lower nitrogen isotopic ratios than males 
(in 2016), and the lowest niche overlap between sexes occurred. This, together with the fact that 
environmental conditions appeared less favourable in 2016 suggests that intersexual differences in the 
foraging ecology of this species may be related with environmental conditions. 
 

2A-G-29: What is on the menu? Long-term variability in the diet of the Macaroni and Rockhopper 

Penguins at sub-Antarctic Marion Island 

Authors: Farisayi Dakwa¹, Peter Ryan¹, Robert Crawford², Bruce Dyer², Pierre Pistorius¹, Azwianewi 

Makhado² 

¹University of Capetown, ²Department of Environment Forestry and Fisheries 

Breeding penguins are central place foragers, limited by their need to forage and return to their colonies 
to relieve their partners and/or feed their chicks; they are flightless seabirds which further constrains 
their movement and range during breeding. As a result, long-term studies of their diet while breeding 
can be a useful indicator of ecosystem changes around their colonies. At Marion Island, over the past 25 
years, there has been a marked decrease in the population of Macaroni Eudyptes chrysolophus and 
Rockhopper Eudyptes chrysocome Penguins. Since 2008/09 their populations have dropped by 30 and 
70%, respectively which has been attributed to climate-induced environmental changes. Diet samples 
(1005 and 664 respectively) were collected at the Island from 1994 to 2018. We analysed spatio-
temporal variability in the diet composition of the two penguins, their prey size and the length 
distributions of dominant prey species. Considering that these species breed sympatrically, they are 
predicted to exhibit aspects of segregation in their ecology. Their diets were dominated by crustaceans 
Thysanoessa vicina and Euphausia vallentini and fish Krefftichthys andersoni and Electrona carlsbergi 
with small amounts of cephalopods. Fish was more prevalent and prey size and was significantly larger 
in the diet of Macaroni than Rockhopper Penguins over the years, with the proportion of fish increasing 
in the diet of Macaroni Penguins during the later stages of chick rearing. There was no change in the 
selection of the dominant prey species by the two penguins for the past 25 years, but this is not 
indicative of a stable environmental condition over the years but rather of preference of the prey by the 
penguins, which could reflect the energy content and calorific value of the selected species. Keywords: 
diet; penguin; Macaroni; Rockhopper; Marion Island 
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H – Diseases/Parasites  

2A-H-31: Influenza A (H11N2) detection in fecal samples from penguins in Antarctica 

Authors: Maria Ogrzewalska¹, Fernando Motta¹, Paola Resende¹, Tulio Fumian¹, Ana da Fonseca 

Mendonça¹, Luciana Apolinario¹, Martha Brandao¹, Marcia Chame¹, Marilda Mendonca Siqueira¹ 

¹Fiocruz Foundation 

Influenza A viruses infect a range of host species, including a large variety of mammals and more than a 
hundred species of birds. In this study, we describe the detection of an influenza A (H11N2) virus in fecal 
samples of Adélie penguins (Pygoscelis adeliae) and from fecal samples collected in the colony of 
chinstrap penguin (Pygoscelis antarcticus) at Penguin Island, Southern Shetland Islands, Antarctica. In 
the present study, we show an evolutionary divergent influenza A subtype H11N2 virus detected in fresh 
fecal samples of penguins emphasising the success of virus genetic characterisation through non-
invasive method, allowing the monitoring of AIVs in a fragile and unique environment. This identification 
suggests the persistence of Influenza A(H11N2) in penguins' colonies in South Shetland Islands once it 
was first identified on 2014 in P. adeliae living around the Antarctic Peninsula. Our results reinforce the 
usefulness of environmental sampling as an alternative to the time consuming and stressful active bird 
capture for acquiring biological samples, as well as emphasise the need for continuous surveillance of 
zoonotic influenza in the Antarctic continent. 
 

2A-H-32: Feather mite fauna of the European storm-petrel, Hydrobates pelagicus 

Authors: Laura Stefan¹, Sergey Mironov², Jacob Gonzalez-Solis³, Andrei Mihalca⁴ 

¹National Institute of Research and Development for Biological Sciences, ²Zoological Institute, Russian 

Academy of Sciences, ³Universitat de Barcelona, ⁴University of Agricultural Sciences and Veterinary 

Medicine of Cluj-Napoca 

Seabirds, particularly Procellariiformes, are known to harbour a rich community of ectosymbionts, 
including fleas, lice, ticks, blood-feeding mites, feather mites and hippoboscid flies. Among them, 
feather mites (Acariformes: Astigmata: Analgoidea and Pterolichoidea) are the most abundant and 
diverse group of permanent symbionts living on the body of birds. Although feather mite species 
richness seems to be particularly high on seabirds as in other groups of aquatic birds, it is still poorly 
known, with a high potential to discover new species. In this study we investigated the feather mite 
fauna of the European storm-petrel, Hydrobates pelagicus (Procellariiformes: Hydrobatidae) nesting in 
the north-east Atlantic Ocean and Mediterranean Sea. The acarological material was collected from 101 
adult birds across eight breeding colonies using the dust-ruffling method. On this seabird host we found 
seven feather mite species belonging to five genera in three families, of which three corresponded to 
undescribed species. The family Avenzoariidae was represented by Zachvatkinia hydrobatidii and a new 
Rhinozachvatkinia species, the family Alloptidae was represented by 3 species of genus Brephosceles (B. 
pelagicus, B. longirostris and Brephosceles sp.) and a new Microspalax species, and the family 
Xolalagidae included Ingrassia oceanica. For most species, morphological identifications were confirmed 
by DNA barcode data on the mitochondrial cytochrome c oxidase subunit I gene (COI). Further steps of 
investigation would include description of the new discovered species of Brephosceles along with 
redescriptions of the other two species of Brephosceles. Overall, our results confirm the high diversity of 
ectosymbionts hosted by seabirds. 
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I – Fisheries interactions  

2A-I-33: Trophic ecology of incubating Kelp Gulls (Larus dominicanus) and its relationship with coastal 

trawl fisheries in northern Patagonia, Argentina 

Authors: Tatiana Kasinsky¹, Cristian Marinao¹, Nicolás Suárez¹, Pablo Yorio² 

¹Centro de Estudio de Sistemas Marinos, CESIMAR-CONICET, Argentina, ²Centro de Estudio de Sistemas 

Marinos, CESIMAR-CONICET, Argentina. Wildlife Conservation Society Arg 

Fishing discards are of great relevance to seabird trophic ecology worldwide. The Kelp Gull (Larus 
dominicanus) is a generalist and opportunistic species that feeds on a wide variety of prey obtained in 
natural and human-related environments. We analyzed the spatial association with operating coastal 
bottom trawl vessels and the contribution of discards to the diet of incubating individuals at Punta 
Tombo (44°02'S, 65°11'W), Argentina. Based on carbon and nitrogen isotopic values of whole blood 
samples from 22 and 20 adults in 2016 and 2017, respectively, Bayesian mixing model outputs showed 
that discards (demersal prey normally unavailable to surface feeding predators) were the main prey, 
with similar contribution in both years (2016 = 47 ± 4%; 2017 = 52 ± 5%), followed by mussels 
(Perumytilus purpuratus) (2016 = 29 ± 4%; 2017 = 24 ± 5%), and Argentine anchovy (Engraulis anchoita) 
(2016 = 14 ± 6%; 2017 = 14 ± 7%). We also tracked 14 and 13 of these incubating adults using GPS 
loggers during 2016 and 2017, recording 134 and 122 foraging tips, respectively. Linear mixed models 
showed no significant differences between years in the maximum distances from the colony, total 
distance traveled and duration of foraging trips. Open sea environments were the most visited in both 
seasons and included areas where fishing vessels were operating according to vessel monitoring system 
data. Fisheries discards were the main prey for most tracked individuals even for those who did not travel 
to fishing areas during the few days of the tracking period, indicating plasticity in individual feeding 
behavior likely in response to the differential availability of alternative prey. Our results show that 
discards generated by coastal trawl fisheries are an important diet component for incubating Kelp Gulls 
at Punta Tombo. 
 

2A-I-34: First estimations of the magnitude of interactions between Peruvian boobies and the anchovy 

commercial fishing fleet 

Authors: Cinthia Irigoin-Lovera¹, Carlos Zavalaga¹ 

¹Universidad Cientifica del Sur 

In several ocean regions, fisheries and seabirds compete for the same resource. In Peru, the anchovy 
(Engraulis ringens) is not only the most exploited resource for the industrial fishing but also the main 
food for endemic seabirds. This competition may result in interactions that negatively affect some 
species through incidental capture or food competition. We attached video cameras and GPS tags on 
137 Peruvian boobies in two guano islands in northern Peru between November 2020 and may 2021 
during the anchovy fishing season to determine the type of encounter and the percentage of interaction 
between seabirds and fisheries. The analysis of GPS tracks and the extension of the fishing zones of 
vessels extracted from the Global Fishing Watch platform revealed a high overlapping area. The 
magnitude of interactions varied across season and locations between 0% and 29%. The majority of the 
booby interacting with vessels plunged dive and feed inside the purse-seine nets. Although flocks of 
endemic and migratory seabirds in Peruvian waters regularly interact with minor and large scale 
fisheries, our study is the first in quantifying these interactions. 
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J – Foraging ecology  

2A-J-35: Every family is a world: Offspring provisioning and individual trophic niche consistencies in 

Magellanic penguins 

Authors: Samanta Dodino¹, Luciana Riccialdelli¹, Michael Polito², Andrea Raya Rey¹ 

¹Centro Austral de Investigaciones Cientificas (CADIC-CONICET), ²Louisiana State University 

Breeding seabirds must balance foraging for themselves and feeding their chicks with the constraints 
imposed as central place foragers. We evaluated Magellanic penguin (Spheniscus magellanicus) adult 
and chick diets during the early and late chick rearing periods and assessed adult trophic consistency 
throughout the season for using carbon (δ13C) and nitrogen (δ15N) stable isotope values. We sampled 
blood cells (integrates information over months) and plasma (integrates information over weeks) from 
13 families (adults and offspring) at Martillo Island colony, Beagle Channel, Argentina during early-chick 
rearing (ECR) and late-chick rearing (LCR) periods in 2016. Isotopic niche width was larger during ECR 
than LRC for both tissues in chicks and adults. From ECR to LCR we found a significant decrease in 
plasma δ13C values of chicks and adults (ΔC=0.5; 1.0 per mil respectively) and blood cell δ13C values for 
chicks only (ΔC=0.8 per mil). We also found a small decrease in plasma δ15N values for chicks and 
females (ΔN=0.4 per mil) and blood cell δ15N values for females only (ΔN=0.5 per mil), without any 
changes in males. Despite these statistical differences, we estimated similar trophic position (TPs) 
between ages and stages (TPs≈3). Within-family variability accounted for 90% of the total isotopic 
variability and we did not find any differential food provisioning during ECR or LCR in both tissues 
(Euclidean distance analysis). By comparing tissues with differing turnover rates we found slightly higher 
individual niche consistency in males relative to females. In conclusion, we found no evidence of 
differential provisioning by parents, which contrasts with studies in northern Patagonia were chicks had 
diets most similar to males during LCR. Differences observed in isotopic niches could be due to a 
differential dietary evenness over time and/or different areas used, but with the consumption of prey 
occupying same trophic level, since penguins showed consistency in their TPs across the season. 
 

2A-J-36: Interannual variation in Brown Skua foraging areas and assessment of spatial interaction with 

trawl fisheries in coastal Patagonia, Argentina 

Authors: Nicolás Suárez¹, Cynthia Ibarra¹, Pablo Yorio¹ 

¹Centro Nacional Patagónico – CONICET 

Skuas are scavengers in both marine and terrestrial environments, feeding on a variety of prey types and 
taking advantage of fishery discards. Little is known on the trophic ecology of the Brown Skua 
(Catharacta antarctica) breeding along the Patagonian coast, Argentina. To assess the interannual 
variation in the use of feeding areas during the incubation period and the possible spatial interaction 
with coastal trawl fisheries, a total of 24 global positioning system loggers were deployed on adults 
during the 2016 to 2018 breeding seasons. Skuas foraged mostly in open waters in the three study 
years. During 2016, birds travelled east of the colony (mean = 87.4º), reaching a maximum distance from 
the colony of 32.8 km (0.9-56.8; n = 10 birds and 108 trips) and covering over 1670 km2. During 2017 
and 2018, birds travelled mainly northeast (38.7º and 37.9º, respectively) up to 61.2 km (1.1-109.52; n = 
8 birds and 87 trips) and 48.7 km (1.3-97.48; n = 6 birds and 92 trips) from the colony, respectively. In 
both years birds used a larger total area than in 2016 (3094 and 3727 km2, respectively). During 2017 
and 2018, tracked individuals used 70 and 81% of the area used in 2016, respectively. The operation of 
the coastal trawl fishery based in Rawson port, which consisted of 40 vessels, showed no overlap with 
foraging skuas in the three years, as changes in market demands and target species resulted in the 
northward movement of fishing activity. These results show a similar use of marine environments 
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between years and the importance of waters surrounding the colony in the trophic ecology of the 
species. Results also suggest the need for further studies to assess the interaction between Brown Skuas 
and trawl fisheries, given the potential changes in the spatial pattern of fishing activity. 
 

2A-J-37: Seasonal variation in resource use and non-essential element levels in two sympatric gull 

species in the northwest Atlantic 

Authors: Danielle Fife¹, Maelle Connan², Pierre Pistorius², Mark Mallory¹ 

¹Acadia University, ²Nelson Mandela University 

Non-essential element accumulation in sympatric seabirds may show particular patterns, for example in 
relation to habitat use or trophic level. This has been shown for a number of seabird communities using 
stable isotopes and other biochemical tracers (e.g. fatty acids) as proxies of resource use, especially 
during breeding seasons when birds are relatively easy to access at nesting sites. Whether or not these 
patterns remain consistent at other times of the year is poorly understood given the challenges 
associated with sampling non-breeding birds. Moreover, for generalist species such as some gulls, 
seasonal variation in availability of anthropogenic food sources may override patterns typically seen 
among sympatric species competing for natural food resources. To determine if relationships between 
non-essential element levels and resource use of sympatric gulls vary seasonally, we will measure levels 
of carbon and nitrogen stable isotopes, and a suite of fatty acids and essential and non-essential 
elements in tissues of sympatric Herring Gulls (Larus argentatus) and Great Black-backed Gulls (L. 
marinus) that were culled at a landfill site in Newfoundland, Canada during pre-breeding, breeding, 
moulting, and non-breeding/winter seasons between 2013 and 2015. Both species have exhibited long-
term dietary shifts and population fluctuations in Newfoundland, concurrent with changes in natural fish 
stocks and availability of fisheries discards, as well as access to open landfills, and development of 
offshore oil platforms. By furthering our understanding of how element accumulation in these gulls 
relates to changes in resource use throughout the year, we can better assess how natural and 
anthropogenic disturbances will affect these and other generalist species. 
 

2A-J-38: Environmental effects on foraging performances in an inshore seabird: a combination of 

phenology and short-term variability. 

Authors: Nicolas Joly¹, Andre Chiaradia², Jean-Yves Georges¹, Claire Saraux¹ 

¹CNRS, ²Phillips Island Nature Parks 

Foraging is an efficient way to study the effects of environmental variability on marine top predators, as 
they integrate both direct effects through increased energetic costs at sea and indirect effects through 
modification of prey accessibility. Using a 19-year automated monitoring system of ~400 individuals (> 
45,000 trips), we investigated short-term and interannual variability in foraging performances (trip 
duration and mass gain) of the little penguin (Eudyptula minor), an inshore seabird living in a climate 
change hotspot. We found marked seasonal patterns in foraging performances with clear optimum 
periods but no decrease along the breeding season. The advantage of being an early or late breeder 
within a season varied with the overall timing of the population breeding, showing a complex interplay 
between the individual and population scales. Although foraging was less variable at the inter-annual 
scale, we still highlighted three groups of low, average and good annual foraging performances in each 
breeding stage. Overall annual performances were affected mainly by late chick-rearing (i.e. post-guard), 
and low performances during this stage were associated with significantly lower breeding success than 
years of average or high foraging performances. To understand how the environment might explain such 
variability in foraging performances, we studied simultaneously the effect of currents, waves and tides, 
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which might directly affect penguin costs at sea and the effects of productivity and vertical stratification, 
which might affect penguin foraging indirectly through a modification of prey availability. Short-term 
poor conditions in foraging (at the trip scale) were mostly associated with increased waves and currents 
and secondarily driven by a decreased and shallower stratification. These results show that short-term 
variations in the environment may be sufficient to affect seabird breeding significantly through foraging 
performances. Although these performances are often thought to depend on prey accessibility mainly, 
we showed the primary role of parameters directly affecting seabirds costs while at sea. Finally, a good 
synchrony between birds' phenology and primary production cycles explained high foraging 
performances at the inter-annual scale, highlighting the importance of animal phenology, a parameter 
known to be highly affected by climate change. 
 

2A-J-39: Small-scale foraging segregation in breeding Scopoli's shearwater 

Authors: Elisa Simi¹, Nicola Baccetti², Francesca Giannini³, Dimitri Giunchi¹, Camilla Gotti⁴, Francesco 

Pezzo⁴, Enrica Pollonara⁵, Lorenzo Vanni¹, Marco Zenatello⁴, Giulia Cerritelli¹ 

¹Department of Biology, University of Pisa, ²Ozzano dell'Emilia, ³Arcipelago Toscano National Park, 

⁴ISPRA (Italian Institute for Environmental Protection and Research), ⁵Centro Ornitologico Toscano 

Multi-colony studies showed that when large seabird colonies are spatially close to each other, 
segregation of foraging areas can often occur. We aimed at 1) characterizing the foraging behaviour of a 
Mediterranean procellariiform, the Scopoli's shearwater Calonectris diomedea; 2) investigating whether 
foraging segregation is used to reduce intraspecific competition between colonies in four adjacent 
islands of the Tuscan Archipelago (C Mediterranean, Italy). The reconstructed GPS routes of 26 breeding 
birds from the islands of Giannutri (No. breeding pairs 80-145), Cerboli (50-85), Pianosa (150-250) and 
Argentarola (35-50) were analysed during the chick rearing period, identifying the main behavioural 
patterns (resting, travelling, foraging) though a segmentation analysis (EMbC). Foraging areas were 
identified by means of the Kernel Density Estimation (KDE) and the Local Convex Hull (LoCoH) methods, 
applied on the locations categorized as foraging. The presence of foraging segregation among colonies 
was investigated using a hierarchical clustering on the utilization distribution overlap between 
individuals. As expected, LoCoH estimated smaller foraging areas with less portions of mainland 
included than KDE (mean difference KDE-LoCoH: 1125.75 km2, CI: 773.86 - 1477.63 km2), indicating that 
the former method could better perform than standard KDE in seabird studies. All tracked birds nesting 
on Pianosa foraged close to the island (LoCoH mean ± SD: 769 ± 308 km2), while individuals from other 
colonies explored wider areas (1615 ± 780 km2). Overall, individual foraging behaviour was similar 
within colonies, showing spatial segregation among colonies. The highest level of segregation was 
observed between birds from Pianosa and Giannutri, that formed two distinct clusters using non-
overlapping foraging areas. This multi-colonies study provides information about the habitat use in 
foraging behaviour of Scopoli's shearwaters and seems to confirm the segregation of foraging areas 
among neighbouring colonies. 
 

2A-J-40: You are where you ate: A critical assessment of marine predator isoscapes within the 

Southern Indian Ocean 

Authors: Tegan Carpenter-Kling¹, Pierre Pistorius¹, Ryan Reisinger², Yves Cherel², Maelle Connan³ 
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Precise and accurate retrospective geolocation of marine predators via their tissues' isotopic 
composition relies on quality reference maps of relevant isotopic gradients ("isoscapes") together with a 
good working knowledge of any discrimination factors which may offset their isotopic composition from 
baseline isotopic values. For the first time, we investigated inter-specific differences among predator 
level isoscapes across the Indian sector of the Southern Ocean. We combined fine-scale GPS tracking 
data and concurrent blood plasma δ13C and δ15N values of eight species of seabirds (three albatross, two 
giant petrel and three penguin species) breeding at Marion Island to produce species- and guild-specific 
isoscapes. Our study revealed latitudinal spatial gradients in both δ13C and δ15N for far-ranging seabirds 
(i.e. albatrosses and giant petrels) as well as inshore - offshore gradients for closer ranging seabirds (i.e. 
penguins). However, at the species level, latitudinal spatial gradients were not reflected in the δ13Cof two 
and δ15N isoscapes of three of the five far-ranging species studied. It is therefore important, when 
possible, to estimate and apply species-specific isoscapes or have a good understanding of any factors 
and pathways affecting marine predators' isotopic composition when studying the foraging ecology of 
marine predators via tissue stable isotope compositions. Using a multi-species approach we provide 
evidence of large and regional scale systematic spatial variability of δ13C and δ15N at the base of the 
marine food web that propagates through trophic levels and is reflected in the isotopic composition of 
top predators' tissues. 
 

2A-J-41: Variability in the foraging distribution and diet in Cape gannets between the guard and post-

guard phases of the breeding cycle 

Authors: Jonathan Botha¹, Pierre Pistorius¹ 

¹Nelson Mandela University 

During breeding, seabirds are central place foragers and are sensitive to changes in local prey 
availability. As the breeding season progresses, foraging behavior and distribution is expected to change 
in response to possible changes in local prey availability. In addition, adult gender, and the increasing 
nutritional demands of a growing chick may also influence the foraging behavior of individuals. At 
present, relatively few studies have assessed the foraging behavior of adult birds during the late post-
guard stages of chick rearing. Through a combination of GPS tracking and diet sampling we investigated 
the foraging distances, spatial distribution, and prey composition of adult Cape gannets (Morus 
capensis) during the guard and post-guard stages of chick rearing. We found no clear evidence for 
consistent sex-specific differences in foraging distances and spatial distribution during the guard stage, 
although marginal differences in the location of core foraging areas during the post-guard stage were 
apparent. Results, however, revealed a clear increase in foraging range from the early guard to the late 
post-guard stage of chick rearing. During December the diet was comprised almost exclusively of 
anchovy (Engraulis encrasicolus), the proportion of which had decreased significantly in the diet by 
January. This was mirrored by a substantial increase in the proportion of saury (Scomberesox saurus). 
These results suggest that Cape gannets show flexibility in the foraging behavior and diet, which may be 
related to changes in the abundance and distribution of prey or may reflect changes in the energetic 
requirements of the growing offspring. This study provides the first assessment of Cape gannet foraging 
behavior and spatial distribution during the post-guard stage of chick rearing. The importance of 
considering intra-annual variability in foraging distribution when using seabird tracking data in trophic 
and marine spatial planning studies are highlighted. 
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2A-J-42: Modelling the effects of personality on seabird foraging behaviour 

Authors: Poppy Jeffries¹, Samantha Patrick², Jonathan Potts¹ 

¹University of Sheffield, ²University of Liverpool 

How will seabirds find food as the marine environment changes? Building on optimal foraging theory, 
we construct a simple model of energy change in a foraging seabird. We explore the success and risk of 
individual foraging strategies, and explore how robust they are to environmental change and 
uncertainty. Environmental uncertainty results in individuals only having partial knowledge of their 
surroundings, creating a trade-off between exploring and exploiting the environment whilst foraging. 
Furthermore, the position on this trade-off curve appears to be personality-dependent. In a patchy 
environment, bolder birds are explorers, moving quickly between patches, whilst shyer birds are 
exploiters, moving slowly between higher quality patches. Using trade-off curves, we explore the 
success of individuals within populations, and deduce that whilst foraging in a population of bold 
individuals, shy birds are the most successful foragers, and vice versa. This may help explain why 
evolution favours populations containing variation in personality. 
 

2A-J-43: Combining optical, active acoustic and physical sensors to characterize water column 

properties in relation to seabird at-sea distributions 

Authors: Lilian Lieber¹, Sally O'Meara², Alex Nimmo-Smith³ 

¹Queen's University Belfast, ²Galway Mayo Institute of Technology, ³The University of Plymouth 

A better understanding of how bio-physical factors influence seabirds can help predict how they may 
respond to environmental change. In recent years, the use of acoustic echosounders to understand 
seabird foraging patterns in relation to prey distribution has grown rapidly. Analyses of multi-frequency 
acoustic data can also give insight to prey composition, such as the discrimination of fish and 
zooplankton. However, primarily due to sampling difficulties, extensive sample processing and net-
avoidance behaviour, net-sampling to groundtruth acoustically visual layers is often limited, especially 
when operating from small vessels. Further, few ecological studies have investigated the relationship 
between the physical properties of the water column (current velocities, temperature, salinity) and 
biological layers (phytoplankton, zooplankton and fish). Studies including phytoplankton activity 
generally use an indicator, chlorophyll a fluorescence, as a predictor for higher trophic levels. Here, we 
use a combination of acoustic and optical sensors to map and visualise phyto-and zooplankton vertical 
distribution in relation to seabird at-sea distributions. For this, we mounted a fast-sampling holographic 
camera (holocam) recording high-magnification images of suspended particles (phytoplankton, 
zooplankton, detritus) to a hand-held CTD measuring salinity, temperature, depth and chlorophyll a. 
Profiles were collected during a small-boat acoustic survey in the Irish Sea (Aug 2019) which consisted of 
seabird observations during transects in both shallow coastal areas as well as deeper, pelagic waters. 
These, visual observations, optical and acoustic data together recorded concurrent information on 
seabird behaviour and the bio-physical properties of the water column, respectively. We show how data 
from the holocam can aid verification of phyto-and zooplankton in scattering layers and show 
preliminary analysis of how the bio-physical properties of the water column related to seabird 
distributions. Especially during more opportunistic, small-boat surveys, our approach may provide a 
viable alternative in the absence of net sampling in studies investigating productivity, trophodynamics 
and patchiness in pelagic ecosystems. 
 

2A-J-44: The heritability of foraging behaviour in wandering albatrosses 

Authors: Jack Thorley¹, Joanie Van de Walle², Stephanie Jenouvrier², Henri Weimerskirch³, Samantha 
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¹University of Liverpool, ²Woods Hole Oceanographic Institute, ³CNRS - Université de la Rochelle 

Individuals often vary widely in their movement behaviour. Sometimes, this variation can be explained 
by plastic adjustments to prevailing conditions, but a growing evidence base shows that individuals can 
also be highly consistent in how they utilize space, once environmental conditions have been controlled 
for. The causes of this among-individual variation remain largely unknown, and in particular, the extent 
to which genetic variation contributes to total phenotypic variation in movement behaviour has seldom 
been examined in a wild population; despite being necessary for understanding the evolutionary 
potential of potentials. In this study, we combine a large-scale longitudinal tracking data set with an 
extensive social pedigree to estimate heritability in a suite of foraging-related movement behaviours 
(e.g. trip duration, etc) - for an ocean sentinel species, the wandering albatross Diomedea exulans. We 
focus on foraging trips undertaken during the incubation period, when adult birds face strong 
constraints brought about by the competing needs of self-maintenance, chick feeding, and partner 
relief. Our preliminary results suggest repeatability in foraging-related movement behaviours. Power 
analyses revealed the potential to detect heritability in foraging traits. However, based on our current 
assessment, heritability in mean trait values appear very low (< 0.1), suggesting that other mechanisms 
are likely to explain individual variation in foraging behaviour. 
 

K – Miscellaneous  

2A-K-45: Rapa Nui, a secondary contact zone for gadfly petrels 

Authors: Paula Plaza¹, Robin Cristofari², Guillermo Luna-Jorquera¹ 

¹Universidad Catolica del Norte, ²University of Turku 

The Pterodroma petrels (Procellariidae order) moved over vast oceanic areas and nest on numerous 
remote islands of tropical and subtropical oceans. Due to the often very inaccessible locations of their 
colonies, populations of tropical seabirds are frequently overlooked and little is known. Because of a lack 
of information, these petrels were shoulder prioritized for conservation action between seabird species. 
Rapa Nui is an oceanic island located in the extreme south-east of Polynesia. Since human colonization, 
a series of anthropogenic threats have modified the composition of the bird assemblage. Currently, the 
seabird assemblage is concentrated on a small and uninhabited islet, locally know as "Motu Nui". This 
islet concentrated to six breeding Pterodroma petrels; Pterodroma alba, P. atrata, P. heraldica, P. 
neglecta, P. nigripennis and P. ultima. The unusual encounter of numerous related species offers a 
unique opportunity to evaluate how an assemblage of different congeneric species is organized to 
coexist and to estimate the level of reproductive isolation. The results indicate five different groups, two 
were monophyletic and had morphological and ecological differences. The other three groups were 
composed by fourth species that shared morphological, ecological, and genetic characteristics, and 
suggest a recently genetic flow. Here, we discussed the actual taxonomic status and considered the role 
of anthropic pressures in species ranges modification and the secondary contact of species. Finally, 
proposed to Rapa Nui Island a hybrid zone for Pterodroma petrels. 
 

2A-K-46: Drivers for spatial modelling of a critically endangered seabird on a dynamic ocean area: 

Balearic shearwaters are non-vegetarian 

Authors: Andres de la Cruz Muñoz¹, Gonzalo Muñoz Arroyo¹ 

¹University of Cadiz 
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The knowledge of the distribution of seabirds is one of the most important factors in order to establish 
adequate protection and conservation measures. Seabirds are highly mobile animals making necessary 
to determine their distribution areas by relating environmental and oceanographic variables to the 
occurrence of seabirds. In most studies, Chlorophyll Concentration or Sea Surface Temperature are the 
most important environmental factors that determine its distribution. However, obtaining data at the 
local level and more directly related to the ecology of the birds, we could determinate if the real variable 
determining the distribution of seabirds is the predator-prey relationship. In this study, we aim to 
answer the question about what factors really determine the distribution of seabirds at a regional level 
obtaining direct information between the occurrence of seabirds and the prey they feed on. We analyse 
data from oceanographic campaigns to evaluate the fishing stock of the Gulf of Cádiz for 11 years, 
obtaining information on the distribution of fish species in their different stages (egg, larval, early-
juvenile, adult), which are prey and food base for two endangered and protected species of seabirds: 
Balearic Shearwater and European Storm Petrel. 
 

2A-K-47: Ecomorphology of the diving apparatus of penguins 

Authors: Nadia Haidr¹ 

¹Consejo Nacional de Ciencia y Técnica 

Penguins are pursuit divers that feed mainly on fish, crustacivores, and squids. Differences in diet and 
other ecological traits implied in foraging habits might leave a correlate in the wing apparatus 
morphology. Ecological traits such as diving depths, foraging distance from the coast as well as prey 
composition are used to explore how morphology relates to foraging habits. A morphometric geometric 
approach is used to quantitatively address these morphological differences in the wing apparatus of all 
extant penguins. Results show that shape variation among penguins with different diets is significant 
and strong; groups are well separated with the greatest differences found between piscivorous and 
crustacivorous penguins. Dive depth has a moderate covariation with morphology and a strong 
correspondence with wing area. It is proposed that swimming styles correlate with specific traits of the 
morphoanatomy of wing and pectoral girdle skeleton and muscles. 
 

2A-K-48: Diversity of shallow water benthic communities below seabird colonies at Spitsbergen, High 

Arctic 

Authors: Katarzyna Zmudczynska-Skarbek¹, Piotr Balazy², Piotr Kuklinski¹ 

¹University of Gdansk, ²Polish Academy of Sciences 

Seabirds are very important links between the ocean and terrestrial ecosystems in the Arctic. They feed 
on marine resources over the pelagic zone while breed on land, often in huge colonies. Around the 
colonies, seabirds deposit substantial amounts of faeces which are extremely rich in nutrients locally 
crucial for tundra. Nonetheless, ornithogenic nutrients not incorporated into the terrestrial ecosystem 
can return to the sea, concentrate within the relatively small coastal area immediately adjacent to a 
colony, and constitute a locally important resource for marine producers and subsequent consumers 
there. Although this phenomenon has potentially great importance for the marine coastal food webs, it 
is still very poorly recognised. Here we present results of three-year studies of shallow water benthic 
communities functioning beneath a large guillemot and kittiwake colony in Isfjorden, west Spitsbergen. 
With the help of SCUBA we could explore and precisely sample the shallowest, down to ca. 20 m, coastal 
zone inaccessible with larger ships. The isotopic data obtained, i.e. increased δ15N of suspended and 
sedimentary particulate organic matter, as well as predatory/scavenging whelks and hermit crabs from 
the colony area, allow assuming that ornithogenic nutrients which returned to sea and concentrated in 
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the vicinity of a seabird colony were used by phytoplankton first, and then entered the bottom food 
chains through pelagic-benthic coupling.  
 

2A-K-49: Development and delivery of a citizen science seabirds at sea monitoring programme 

Authors: Tim Dunn¹, Mark Lewis¹, Danni Thompson¹ 

¹JNCC 

In the UK, seabird populations are typically monitored during the breeding season when most species 
aggregate at colonies and accurate, cost-effective, surveillance can take place. Most seabird species, 
however, spend much of their lives at sea and a large proportion of the total population comprises 
immature birds or non-breeding adults which cannot be monitored using land-based surveys. 
Monitoring seabirds at sea is, therefore, essential to fully understand their population status, to identify 
trend drivers and to ensure appropriate and timely mitigation of them. At sea monitoring is usually 
delivered using boats or aircraft and, consequently, tends to be both expensive and logistically 
challenging. Regular at sea monitoring programmes are therefore rare. In 2018, JNCC began developing 
the Volunteer Seabirds at Sea (VSAS) programme and, in collaboration with CalMac Ferries and their 
Marine Awareness Programme, completed an inaugural survey season in 2019. The VSAS programme 
trains volunteer surveyors to collect high quality seabirds at sea data from ferries using the standard 
European Seabirds at Sea method. Data are captured and validated in real-time using rugged waterproof 
tablets with a bespoke application. This has removed the considerable input and validation time 
required for more traditional paper-based data capture systems. VSAS has demonstrated that citizen 
science schemes can be developed to provide a low-cost solution for the collection of high-quality 
seabirds at sea data. 
 

2A-K-50: Shifting ecosystem states are reflected in diets of Arctic (Sterna paradisaea) and Common 

Terns (S. hirundo) in the Gulf of Maine 

Authors: Lauren Scopel¹, Antony Diamond¹, Kevin Friedland², Stephen Kress³, Paula Shannon⁴, Linda 

Welch⁵, Sara Williams⁵ 

¹University of New Brunswick, ²Northeast Fisheries Science Center, ³Cornell University, ⁴National 

Audubon Society Seabird Institute, ⁵US Fish and Wildlife Service 

Marine ecosystems worldwide are changing rapidly, and most marine systems lack well-developed 
biological indices. In the Gulf of Maine, rapid warming has coincided with major changes to breeding 
populations of seabirds, especially the Arctic (Sterna paradisaea) and Common Tern (S. hirundo). To 
investigate their potential as bioindicators, we examined trends in chick diets and reproductive 
measures in relation to bottom-up and top-down forcing. We used structural equation modeling, cluster 
analysis, and link tree analysis to investigate data from six (Arctic) and ten (Common) colonies, between 
1991-2017. Both species showed major changes to their diets over time, coinciding with clear regime 
shifts in oceanographic properties and plankton communities. Arctic Terns fed chicks white hake 
(Urophycis tenuis) and Atlantic herring (Clupea harengus) in the 1990s, whereas Common Terns relied 
primarily on herring and sand lance (Ammodytes spp.). Between 2002-2008, salinity and temperatures 
decreased and preferred prey became less common alongside reduced tern reproductive success; small 
copepod Centropages typicus also declined. From 2010 onwards, temperatures increased and promoted 
species more tolerant of warm water; herring declined and was replaced by other taxa in tern diets. 
Arctic Terns consumed more white hake, while Common Terns integrated more gadoids and rarely seen 
taxa into their diets, each improving their reproduction from the previous decade. Lobster landings and 
herring price correlated with the Atlantic Multidecadal Oscillation, and worked as a combined index for 
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stress of large gulls; predation by gulls on tern eggs increased following warming and the decline of the 
herring fishery. These relationships illustrate the interconnectedness of this ecosystem, where herring 
and its productivity are strongly affected by top-down and bottom-up forcing, and have cascading 
effects on gulls and terns. Both tern species have potential as bioindicators, especially using diet data 
associated with specific ecosystem states. Top-down forcing reduces the indicator potential of most 
reproductive data except asymptotic mass of chicks. 
 

L – Physiology  

2A-L-52: Effect of urbanization on the individual condition of the regionally threatened Olrog´ gull 

Authors: German Garcia¹, Melina Castano¹, Tomás Córdoba¹, Jesica Paz¹, Francisco Zumpano¹, Marco 

Favero¹ 

¹Instituto de Investigaciones Marinas y Costeras (UNMdP-CONICET) 

Extinction of species and population declines are occurring globally as a consequence of human 
activities, including the occurrence of urbanization processes transforming the structure of natural 
habitats and exposing organisms to novel environmental challenges. That is the current scenario in the 
northern coasts of Argentina, as well as Uruguay and Southern Brazil, regularly used as winter quarters 
by the Olrog's gull (Larus atlanticus). This regionally threatened species was formerly known to be 
specialized in crabs but now to have incorporated a range of anthropogenic items in its diet. As part of 
an ongoing long-term study on the foraging ecology and health status of the Olrog's gull we investigated 
the impact of urbanization on the body condition of free-living individuals, measuring a range of blood 
parameters as indicators of body condition. Eighty-two gulls (46 juveniles and 36 adults) were captured 
at two sites with radically different levels of urbanization. Body weight, and levels of hematocrit, red and 
white blood cells, mean cell volume, heterophils, lymphocytes, eosinophils, monocytes, basophils, 
heterophils-lymphocytes ratio, glucose, uric acid, total protein, cholesterol, and triglyceride were 
determined. Most of parameters didn't show significant differences between the two populations. 
However, independently of sex and age, individuals from areas with low urbanization showed higher 
values of uric acid (1052.53±452.35 µmol/l), and lower levels of cholesterol (6.47±1.76 mmol/l) than 
individuals from highly impacted areas (455.08±305.69 µmol/l and 8.35±3.07 mmol/l, respectively). 
Adults from areas with low urbanization showed lower values of hematocrit than adults from impacted 
areas (39.14±7.47% and 44.00±4.68%, respectively). These differences in blood parameters could be 
considered as proxy indicators of health condition in Olrog's gulls exposed to urbanization in winter 
quarters. Further studies should focus on the effect of individual condition on the species recruitment 
and breeding success, taking into account the endemism, reduced population size and fragile 
conservation status of the species. 
 

2A-L-53: Health status assessed by physiological parameters and pathogen tests in kelp gulls (Larus 

dominicanus) feeding on an urban sanitary landfill 

Authors: Miguel Adami¹, Marcelo Bertellotti¹, Veronica D'Amico¹ 

¹National Council of Scientific and Technical Research (CONICET) 

Kelp gulls (Larus dominicanus) are marine seabirds with generalist and opportunistic feeding habits, 
which allow them to take advantage of the urban waste. However, this food usually contains toxic 
substances and contaminated food that could influence their health condition. To assess the health of 
kelp gulls that feed of these types of food, we obtained values of diverse biochemical parameters, 
plasmatic enzymes and pathogenic bacteria of kelp gulls on an urban landfill in Patagonia, Argentina. 
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Values of glucose obtained were similar than those previously reported for this species when using 
fishery discards at a closer site in Patagonia and for other species of gulls in the literature. However, the 
average of total proteins, triglycerides and cholesterol showed lower values than those reported for kelp 
gulls in general and other species of gulls, which could indicate a diet with a low supply of protein and 
fat resulting of the ingest of urban domestic food. Except for alanine transaminase that showed lower 
values, the lactate dehydrogenase, alkaline phosphatase, and aspartate transaminase were higher than 
those previously reported for other gull species. All the enzymes are involved in the cellular metabolism, 
and taken together, plus other physiological parameters, they can inform about the correct function of 
organs and tissues and their variations reflect hepatic, myocardium and tissue diseases, damage or 
trauma. Although, we expected that gulls feeding on urban waste showed presence of enteropathogenic 
bacteria that are commonly associated to the human, except for Escherichia coli that were present in 7 
gulls out of the 35 sampled, the rest of bacteria tested Salmonella sp., Shigella sp., and Corynebacterium 
sp. were absent. These data constitute the first physiological report for the species at urban sanitary 
landfills of Patagonia Argentina. 
 

M – Pollution   

2A-M-57: Plastic ingestion in albatrosses and petrels off the shores of Argentina and Brazil 

Authors: Luciana Gallo¹, Patricia Pereira Serafini², Ralph E. T. Vanstreels³, Tamini Leandro⁴, Cristiane 

Kolesnikovas⁵, Alice Pereira⁶, Tatiana Neves⁶, Gabriel Nascimento², Anabella Gerez⁷, Nahuel Chavez⁴, 

Ruben DellaCasa⁴, Marcela Uhart⁸ 

¹IBIOMAR-CONICET, ²CEMAVE / ICMBio / MMA, ³Instituto de Pesquisa e Reabilitação de Animais 

Marinho, ⁴Albatross Task Force, Aves Argentinas/AOP y BirdLife International, ⁵R3 Animal, ⁶Projeto 

Albatroz, ⁷Universidad Nacional de la Patagonia San Juan Bosco, ⁸One Health Institute, School of 

Veterinary Medicine, University of California 

Through a collaborative network, we evaluated plastic ingestion (items >1 mm) in 16 Procellariiform 
species along the coast of Brazil and Argentina. Plastic items were found in 30.2% of carcasses examined 
(n=161), with White-chinned Petrel (Procellaria aequinoctialis), Southern Giant Petrel (Macronectes 
giganteus) Atlantic Yellow-nosed Albatross (Thalassarche chlororhynchos), and Manx Shearwater 
(Pufinus puffinus) being the most susceptible species. Our results showed a high frequency of occurrence 
(FO) of plastic ingestion in birds bycaught offshore in southern Brazil (FO=42.8%, n=21) but not in birds 
bycaught offshore in southern Argentina (FO=0%, n=46). Plastic ingestion was frequently recorded in 
beach-wrecked carcasses, being highest in Chubut, Argentina (FO=100%, n=3), followed by Espírito 
Santo, Brazil (FO=61%, n=23), Santa Catarina, Brazil (FO=23%, n=13), and Buenos Aires, Argentina 
(FO=20%, n=5). In birds that died at rehabilitation facilities, plastic ingestion was similarly frequent in 
Espírito Santo (FO=27%, n=11) and Santa Catarina (FO=29%, n=14). A high FO of plastic ingestion was 
also noted in Southern Giant Petrel carcasses collected at breeding colonies in Chubut, Argentina 
(FO=54%, n=24). The most common plastic items found in the bird's gut were fragments (71% of 
recovered items; including film and rigid fragments), followed by foam (i.e. polystyrene/polyurethane; 
12%), pellets (10%), nylon line (4%) and other types of plastic (3%). Our findings confirm that plastic 
ingestion is a common problem for Procellariiforms in the Southwest Atlantic Ocean and highlight the 
need for mitigation and at-source reduction. The use of standardized protocols for sample collection and 
analysis along with comparable metrics and terminology will allow comparisons between investigations, 
as well as the detection of large-scale spatiotemporal patterns. 
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2A-M-58: Marine debris ingestion by tube-nosed seabirds off Southern Brazil: are northern migrants 

winning the race against plastic pollution? 

Authors: Júlia Grohmann Finger¹, Victória Fontoura Benemann¹, Maria Petry¹ 

¹Universidade do Vale do Rio dos Sinos 

Ingestion of marine debris by seabirds is widespread. Procellariiformes is the group with the highest 
frequency of ingestion, and the most threatened group of all birds. Here, we report the prevalence of 
type, color, size and weight of ingested debris by these species in southern Brazil, and short-term trends 
of ingestion along nine years of survey (2007 - 2015). We analyzed 767 stomachs from 18 species of 
beached-washed seabirds, and found the highest prevalence, abundance and mass of debris in Great 
shearwaters (GS), with almost 91% of individuals containing debris in their stomachs, and a mean of 
22.6 ± 30.5 fragments weighting 0.44 ± 0.72g. The Manx shearwater (MS), Cory's shearwater (CS) and 
White-Chinned petrel (WCP) showed intermediate prevalence (63.4%, 54.2% and 47.8%, respectively), 
while the Yellow-nosed and Black-browed albatrosses showed low prevalence (9.3% and 10.5%). The 
number of items per individual ranged from 1-261 for CS, 1-174 for GS, 1-108 for the MS and 1-65 for 
WCP. Hard plastic fragments had the highest prevalence (Pr) in shearwaters (Pr = 65-85%), while sheet 
plastics were most frequent in albatrosses (62%). Threadlike plastic, i.e. nylon threads, were most 
frequent in WCP (45%). Pellets were found only in stomachs of WCP and shearwaters, and we found the 
highest prevalence in GS (50%). The most frequently ingested size category was microplastics (<5mm), 
followed by mesoplastics (5-20 mm). Off/white-clear plastics were the most abundant and frequently 
ingested color by all species. We found a decreasing trend in prevalence of debris ingestion for CS (R² = 
0.75, p < 0.01) and MS (R² = 0.57, p = 0.02), both northern hemisphere breeders, while GS and WCP, 
both southern hemisphere breeders, showed a steady prevalence (R² = 0.27, p = 0.14, and R² = 0.04, p = 
0.59, respectively). Northern migrants also ingested, on average, smaller masses of debris than southern 
migrants did (U = 9070, p < 0.01). Our results show that northern migrants are ingesting less plastic than 
southern breeders, in both frequency and mass. This may be related to European policies for plastics 
reduction, which have intensified over the past decade. 
 

2A-M-59: Plastic ingestion by four seabird species in the Canadian Arctic: Comparisons across species 

and time 

Authors: Julia Baak¹, Jennifer Provencher², Mark Mallory³ 

¹McGill University, ²Environment and Climate Change Canada, ³Acadia University 

Plastic pollution ingestion by seabirds is an increasing environmental problem even in remote areas such 
as the Arctic, yet knowledge on plastic pollution ingestion by several Arctic seabirds is limited, making it 
difficult to assess trends. We examined plastic pollution ingestion by northern fulmars (Fulmarus 
glacialis), black-legged kittiwakes (Rissa tridactyla), thick-billed murres (Uria lomvia) and black guillemots 
(Cepphus grylle) in the Canadian Arctic to assess species-specific and temporal differences in plastic 
ingestion over ten years. Seventy-two percent of fulmars and 15% of kittiwakes ingested plastic, while 
guillemots and murres did not. The number and mass of plastic ingested by fulmars decreased between 
the two periods (2008 and 2018), but the frequency of occurrence of plastic ingestion did not change, 
although sample sizes were less than ideal. Future research with larger samples is recommended to 
reinforce these trends in plastic ingestion by Arctic seabirds. 
 

2A-M-60: Mercury contamination of Arctic seabirds: spatio-temporal trends and health impacts 

Authors: Jerome Fort¹, David Grémillet², Hálfdán Helgason³, Céline Albert⁴, Françoise Amélineau³, Tycho 
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Mercury (Hg) is a global pollutant, yet the Arctic harbors among the most exposed biota. Hg emitted by 
mid-latitude countries indeed undergoes long-range transport to polar regions through oceanic, 
atmospheric and riverine pathways. As a consequence, Hg is found in high concentrations in Arctic 
marine food webs and, being highly toxic, raises important environmental concerns. Seabirds, with a 
long lifespan and a high trophic position are among the Arctic organisms most exposed to Hg. 
Understanding the spatio-temporal dynamics and potential toxic effects of Hg in Arctic breeding 
seabirds is thus a major objective for the conservation of these vulnerable species. Since 2005, we 
conduct research in East Greenland on a population of little auks (Alle alle) in order to investigate 
impacts of multiple environmental stressors, including exposure to Hg. Our results first enable to 
identify long-term fluctuations in birds' Hg loads and to detect its seasonal and spatial origins. More 
specifically, they show that little auks are mainly and increasingly exposed to Hg when migrating outside 
of the Arctic, off Newfoundland during winter. Second, they demonstrate its health impacts, both on 
short and long time scales. Long-term changes in little auk contamination are indeed related to a lower 
body condition and a decreased reproductive success. On a shorter scale, females exposed to the 
highest Hg concentrations during winter tend to lay smaller eggs and have smaller chicks with decreased 
fledging success. We will then present an international and pan-Arctic network (ARCTOX) that was 
initiated in 2015 and which demonstrates the importance to extend our results to the entire Arctic avian 
community. ARCTOX allows the collection of samples from 25 species at more than 60 sites around the 
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Arctic. Hence it provides new knowledge on the vulnerability of Arctic seabirds to Hg by identifying 
hotspots of Hg at a pan-Arctic scale and by highlighting sensitive populations and species in which Hg 
concentrations exceed toxicity thresholds, requiring particular attention and protection. 
 

2A-M-61: Guanay cormorant pellets (Phalacrocorax bougainvillii) as an indicator of marine plastic 

pollution along the Peruvian coast 

Authors: Isabella Diaz¹, Carlos Zavalaga¹, Bethany Clark² 

¹Universidad Cientifica del Sur, ²BirdLife International 

Plastic presence in the world's oceans has increased dramatically over the past few years, becoming a 
threat to marine wildlife especially top predators such as seabirds. Therefore, it is crucial to monitor 
plastic levels in the marine environment to understand its impacts, not only on threatened species but 
also on other species. Our study evaluates plastic ingestion in guanay cormorants (Phalacrocorax 
bougainvillii) through pellet analysis at ten colonies along the Peruvian coast between 2018 and 2019. A 
total of 2,286 pellets were collected and analyzed, of which plastic debris was present in 162 (10.8%) 
pellets (N = 1497) consisting of mainly user plastics and varying in size from mega (>20 mm) to micro (1-
5 mm) plastics (nano plastics were not assessed). Micro and meso plastic (5-20 mm) were most 
abundant with 67% and 23% by number, respectively and the most common plastic colour found was 
white (27% by number). There was a significant difference in the percentage by the occurrence of plastic 
across regions, founding the highest score of plastic on the central coast of Perú. We also found a 
significant relationship between the percentage occurrence of plastic debris in pellets and the presence 
of river mouths closer to the colonies. Plastic ingestion by guanay cormorants reveals that plastic has 
already been transferred into the Peruvian marine food web. This study is the first of its kind in the 
Peruvian marine environment and the results set a baseline for future studies of plastic pollution in the 
Peruvian sea. 
 

2A-M-62: Avian nest incorporation of plastics: recommendations for monitoring and standardisation 

Authors: Neil James¹, Alexander Bond², Jennifer Lavers³, Elizabeth Masden¹, Nina O'Hanlon¹ 

¹University of the Highlands and Islands, ²Natural History Museum, ³University of Tasmania 

Numerous marine bird species are negatively affected by plastic debris through entanglement, 
ingestion, and nest incorporation. However, in the the Arctic and northeastern Atlantic Oceans, an area 
of international importance for seabirds, there has been little effort to date to assess how marine 
plastics affect different seabird species. Despite widespread knowledge that seabirds incorporate debris 
into their nests, quantitative studies are lacking, with few published studies on nest incorporation in the 
region. For species that build substantial surface nests there is the opportunity to monitor nest 
incorporation of debris that individuals collect as nesting material. We monitored nest incorporation of 
anthropogenic marine debris by Northern Gannets (Morus bassanus) from 29 colonies across the 
species' range. Using data obtained from visual observations, digital photography and published 
literature, we recorded incorporated debris in 46% of 7280 Northern Gannet nests, from all but one of 
29 colonies monitored. Threadlike plastics, most likely from fishing activities, was most frequently 
recorded in nests, being present in 45% of 5842 nests, in colonies where debris type was identified. 
Comparisons with local beach debris indicate a preference for threadlike plastics by Northern Gannets. 
Furthermore, we present nest incorporation data for additional species including Black-Legged 
Kittiwakes, European Shags, and large gulls of the northeastern Atlantic, gathered from collaborations 
with ongoing monitoring programmes and opportunistic field work efforts. Informed from our 
experience of gathering and analysing nest incorporation data across multiple species, we share our 
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lessons learned to inform future efforts. Recording debris in nests provides an efficient and non-invasive 
method for monitoring the effectiveness of actions introduced to reduce debris pollution from fishing 
activities in the marine environment. We provide recommendations for standardised monitoring and 
reporting of metrics on prevalence, quantity and debris source, to facilitate comparisons and improve 
our knowledge on this environmental issue through multi-jurisdictional collaboration. 
 

2A-M-63: Latitudinal and sex differences in mercury contamination of brown skuas in the Southern 

Ocean 

Authors: William Mills¹, Andrés Ibañez², Paco Bustamante³, Ana Carneiro⁴, Stuart Bearhop⁵, Yves Cherel³, 

Rocío Mariano-Jelicich⁶, Rona McGill⁷, Diego Montalti², Stephen Votier⁸, Richard Phillips¹ 

¹British Antarctic Survey, ²Museo de La Plata (FCNyM-UNLP, CONICET), ³CNRS-La Rochelle Université, 

⁴BirdLife International, ⁵University of Exeter, ⁶Universidad Nacional de Mar del Plata, ⁷Scottish 

Universities Environmental Research Centre, ⁸Heriot-Watt University 

Brown skuas (Stercorarius antarcticus lonnbergi) are opportunistic predators and scavengers. Here, we 
measured total mercury (THg) concentrations in blood samples from adult brown skuas (n = 82) from 
three breeding sites across a latitudinal gradient in the Southern Ocean (SW Atlantic region): (i) Bahía 
Esperanza/Hope Bay, Antarctic Peninsula; (ii) Signy Island, South Orkney Islands; and, (iii) Bird Island, 
South Georgia. Blood THg concentrations increased from high Antarctic to low Antarctic latitudes, such 
that Hg contamination was lowest at Bahía Esperanza/Hope Bay (mean ± SD, 0.95 ± 0.45 µg g-1 dw), 
intermediate at Signy Island (3.42 ± 2.29 µg g-1 dw) and highest at Bird Island (4.47 ± 1.10 µg g-1 dw). 
Blood THg concentrations were also related positively to δ15N values, reflecting the biomagnification 
process. Males had higher Hg burdens than females, likely reflecting deposition into the egg by females 
and potentially differences in trophic ecology. These data provide important insights into Hg transfer to 
Southern Ocean seabirds. 
 

O –Tracking  

2A-O-64: Effort of sampling frequency on foraging trip segmentation in tropical seabirds 

Authors: Fiorella Vilela¹, Sophie Bertrand², Marcio A. Efe³, Leandro Bugoni⁴, Guilherme T. Nunes¹ 

¹Universidade Federal do Rio Grande do Sul, ²Institut de Recherche pour le Développement (IRD), ³Federal 

University of Alagoas, ⁴Universidade Federal do Rio Grande 

The study of the use of space in seabirds had increased exponentially due to the use of biologging 
devices and the statistical techniques to extract and analyze large datasets. One of these statistical 
techniques is the Hidden Markov Models (HMM), which allow the identification of different behaviors of 
birds during their trips. Currently, few studies have been carried out to evaluate the classification 
accuracy of HMMs at different sampling frequencies. In this sense, the goal of the present study is to 
quantify the effect of sampling frequencies on the identification of foraging areas using HMMs in two 
tropical seabirds (31 trips of Sula leucogaster and 16 trips of Phaethon aethereus), with different GPS 
sampling frequencies (1/min and 1/15min, respectively). In addition, in both species we used pressure 
sensor data where dives were identified, used to validate HMM results. To identify foraging states we 
fitted HMMs to GPS datasets from both seabirds. To validate the classification accuracy of the HMMs, 
the data classified as foraging were contrasted with the dives and were calculated the precision, 
sensitivity and specificity measures. Subsequently, kernel densities were estimated for foraging and 
dives datasets and the overlap between them was calculated as a proxy for overall accuracy. Results 
showed that the classification ability of the HMMs was 81% for S. leucogaster, while for P. aethereus it 
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was 48%. On the other hand, the kernel overlap values of foraging and diving were higher than 95% for 
both species. The present study demonstrated that the classification ability of HMMs in data with low 
sampling frequency (i.e. 1/15min) could present a high error percentage at the individual level. 
However, the high kernel overlap value (>95%) shows that at the population level it is possible to use 
low sampling frequencies to identify foraging areas. 
 

2A-O-66: The summer migration of the Yelkouan Shearwater (Puffinus yelkouan) from a single island 

in Croatia 

Authors: Loriane MENDEZ¹, Sven Kapelj², Paula Moschella¹, Frederic Briand¹ 

¹CIESM (Mediterranean Science Commission), ²Association BIOM 

The migratory behaviour of the Yelkouan Shearwater, a seabird endemic to the Mediterranean Sea and 
classified 'Vulnerable' according to IUCN criteria, remains poorly understood to date. While Yelkouans of 
various Mediterranean origins (Malta, France, Greece) have been sighted occasionally from summer to 
autumn as far as the Black Sea, others have been observed in the southern Mediterranean waters. Here 
we describe for the first time the post-breeding journeys of 11 adults from a colony in Lastovo 
Archipelago, central Adriatic (Croatia) which we equipped in late June 2021 with ultra-light GPS-GSM 
loggers that are still active at the time of this writing. The results display a strong variability in the 
journeys of individuals from the same nesting site. In the space of only six weeks, three adults had 
already traveled over 2500 km, following the same route although days apart, to reach the pelagic 
waters of the Black Sea. At least one of them was tracked all the way till the entrance of the Azov Sea - a 
major spawning ground for anchovies. Others stopped their journey - for weeks at least - in islands of 
the Aegean Sea, home to many yelkouan nesting colonies. Other individuals kept foraging between the 
Italian and Croatian coasts of the Adriatic Sea, while others limited their flights to the vicinity of their 
nests in the Lastovo archipelago. Our preliminary conclusions underline the similarity of the long, rather 
precise, migratory route followed by the yelkouans to reach the Black Sea. Our study raises many further 
questions: to begin with, what is the precise stimulus that triggered the start of their respective 
migration? 
 

2A-O-67: Surviving catastrophe: important marine area use of non-breeding African Penguins supports 

proposed conservation strategies for breeding birds 

Authors: Tegan Carpenter-Kling¹, Andrew deBlocq¹, Christina Hagen¹, Craig Harding², Taryn Morris¹, 

Lorien Pichegru³, Peter Ryan², Jennifer Roberts², Ross Wanless¹, Alistair McInnes 

¹BirdLife South Africa, ²University of Cape Town, ³Nelson Mandela University 

The likelihood of conservation strategies being successful increases when the varying ecologies of an 
animal during all life-history stages are considered, particularly during those which the animal is more 
vulnerable. For example, penguins are land bound and unable to feed for several weeks when they 
undergo their annual catastrophic moult. If they are unable to accumulate sufficient fat stores before 
and after this critical life history stage, they are unlikely to survive or it could have adverse carry-over 
effects into the following breeding season. Over the past 20 years, the population of the Endangered 
African penguin Spheniscus demersus has followed the declining trend in the availability of their main 
prey, sardine Sardinops sagax and anchovy Engraulis encrasicolus. Subsequently, to improve prey 
availability, conservation efforts have focused on spatial management strategies to reduce resource 
competition with purse-seine fisheries during the breeding season. To date, these spatial management 
strategies have not considered the spatial distribution of the penguins during other critical life-history 
stages. Using GPS tracking data collected between 2012 and 2019, we identify important foraging areas 
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for pre- and post-moult African penguins at three of their major colonies: Dassen Island and Stony Point 
(Western Cape) and Bird Island (Eastern Cape). The at-sea distribution of non-breeding adults (c. 600 km 
from colony) was far greater than that observed for breeding birds (c. 40 km from colony) and varied 
considerably between sites, years and pre- and post-moult stages. However, waters within 20 and 40 km 
of their breeding colonies were intensively used and represent important foraging areas to non-
breeding birds. Our findings identify important marine habitats for non-breeding African penguins and 
provide support for the expansion of fisheries-related spatio-temporal management strategies to help 
conserve African penguins outside the breeding season. 
 

2A-O-68: Post-fledging movements, mortality and migration of juvenile northern gannets 

Authors: Jude Lane¹, Keith Hamer¹ 

¹University of Leeds 

Post-breeding migrations from temperate latitudes allow animals to improve survival by tracking food 
supplies and seeking out milder climatic conditions. In long-lived species such as seabirds, which have 
several years of immaturity before becoming breeders, successful migration is a key parameter 
influencing long-term population dynamics. Most seabird tracking studies have focused on adult 
behaviour during the breeding season but developments in tracking technology are now opening up 
opportunities for exploring behaviour during earlier life stages and larger-scale movements during 
migration. Adult Northern gannets show individual heterogeneity in the timing and route choice of their 
southerly migration as well as in their overwintering locations. However there is currently no data on 
the behaviour of juvenile gannets which fledge at approximately 13 weeks, after which they are entirely 
independent of their parents. Tracking their behaviour during this early life stage is vital for 
understanding dispersal and survival and may have consequences for conservation measures, which are 
currently based solely on data for adults. We attached Argos GPS-PTTs to 42 fledgling gannets on the 
Bass Rock, Scotland in 2018 and 2019. Here we present the first GPS and satellite tracking data for these 
birds during their initial few weeks at sea, providing new insights into the timing, route choices and 
staging grounds used by birds on their maiden migration. 
 

2A-O-69: Brown pelicans as a model of partial migration in nearshore seabirds 

Authors: Bradley Wilkinson¹, Patrick Jodice² 

¹Clemson University, ²USGS South Carolina Cooperative Fish and Wildlife Research Unit 

Increasingly in seabird research, individual differences in life history traits are being described within 
populations of both pelagic and nearshore species. Among these traits is partial migration, whereby 
some individuals relocate from the breeding grounds on a seasonal basis while others remain sedentary 
year-round. Importantly, as described by obligate partial migration, individuals can alternate between 
sedentary and migratory strategies on an interannual basis. Despite the relatively widespread incidence 
of partial migration in avian species, mechanistic causes underlying this behavior remain poorly 
understood, especially in tropical and subtropical systems. We evaluated three competing hypotheses 
driving partial migration in brown pelicans (Pelecanus occidentalis) tracked with GPS transmitters in the 
South Atlantic Bight, USA. These include (1) competitive release (i.e., intraspecific competition for 
limited resources drives migration of subordinates), (2) fasting endurance (i.e., individuals unable to 
meet energetic demands will migrate), and (3) thermal tolerance (i.e., migratory probability is directly 
influenced by thermal extremes). We evaluated these hypotheses in relation to intrinsic factors such as 
sex, body condition, and reproductive status and extrinsic factors such as environment, climate, and a 
measure of anthropogenic food subsidy. While prior evidence suggests that pelican migration in other 
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parts of their global range (e.g. Gulf of Mexico) is influenced by density dependence, we highlight 
differences in colony sizes, behavior, and coastal geomorphology in the South Atlantic Bight that play a 
role in determining migratory probability for this region. We subsequently modeled how migration 
probability may change under various climate change scenarios along with concomitant changes in non-
breeding distribution, and underscore the need to examine drivers of animal movement throughout the 
range of a given species. 
 

2A-O-70: Sympatrically-breeding congeneric seabirds (Stercorarius spp.) from Arctic Canada travel to 

four oceans 

Authors: Autumn-Lynn Harrison¹, Paul Woodard², Mark Mallory³, Jennie Rausch² 

¹Smithsonian Conservation Biology Institute, ²Canadian Wildlife Service, ECCC, ³Acadia University 

Polar systems of avian migration remain unpredictable. Here we report on three related predatory 
seabird species that divided across four oceans following sympatric breeding at a central Canadian high 
Arctic nesting location. Using telemetry we tracked Pomarine Jaeger (Stercorarius pomarinus; POJA, n=1) 
across the Arctic Ocean to the western Pacific Ocean; Parasitic Jaeger (S. parasiticus; PAJA, n=4) to the 
western Atlantic Ocean, and Long-tailed Jaeger (S. longicaudus; LTJA, n=2) to the eastern Atlantic Ocean 
and western Indian Ocean. We also report on extensive nomadic movements over ocean during the 
post-breeding period (19,002 km) and over land during the pre-breeding period (5,578 km) by Pomarine 
Jaeger, an irruptive species whose full migrations have been a mystery. Understanding the routes and 
migratory divides of birds nesting in the Arctic region has implications for understanding both the glacial 
refugia of the past and the Anthropocene-driven changes in the future. 
 
 

Poster Session Pacific 2 
N- Surveys  

2P-N-1: Citizen science reveals weather-driven shifts in gadfly petrel habitat occupancy and likely 

effects of climate change 

Authors: Peter Vaughan¹, Barry Brook¹, Mary-Anne Lea², Rohan Clarke³ 

¹University of Tasmania, ²Institute for Marine and Antarctic Studies, ³Monash University 

Climate-induced shifts in the distribution of suitable foraging areas are a key threat to procellariiformes. 
However, knowledge of how this threat will affect many species remains sparse, especially during the 
nonbreeding period. This could be because the habitat suitability of many species is difficult to research 
with current techniques for surveying seabirds at sea. In this study, we developed a novel method for 
investigating procellariiforme responses to environmental conditions, examining 8 gadfly petrel species 
occurring in south-eastern Australia as a case study. We analysed data from Tasmania, Victoria, and 
South Australia, generated from an ongoing citizen-science project spanning a 40-year period. These 
data detailed occurrence and abundance, so factors affecting species occurrence and aggregation were 
analysed. Remotely sensed oceanographic and weather conditions were integrated with bird 
observations to form an ensemble habitat suitability model for each species examined. The parameters 
and outputs of the resultant model were fit to climate change projections, to predict how gadfly petrels 
are likely to respond to changing weather conditions resulting from this global perturbation. Gadfly 
petrel occurrence was most strongly affected by changing sea surface temperatures (SST) and current 
direction. Locally resident, cold-water adapted species responded negatively to increasing SST, while 
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trans-equatorial migratory species were favoured by increasing SST. Abundance was also most strongly 
affected by SST and current direction, along with wind direction and eddy kinetic energy (EKE). Westerly 
winds predicted larger aggregations of gadfly petrels, as did lower EKE. When climate change 
projections were fit, habitat suitability was predicted to decrease for cold-water adapted species, and to 
increase for more tropical-adapted species, over short and long time frames. Our models delivered 
equivalent predictive performance to other popular techniques for researching procellariiforme habitat 
suitability, indicating there is untapped potential in seabird citizen-science databases worldwide. 
 

2P-N-2: Tales of Clipperton: thriving boobies vs creeping vines on the world's most remote atoll 

Authors: Tristan Berr¹, Hélène De Méringo², Xénia Jost³, Christian Jost⁴, Pascal Dumas⁵, Éric Clua⁴, Robert 

Pitman⁶, Alexandre Millon⁷, Matthieu Le Corre⁸, Éric Vidal⁹ 

¹Institut de Recherche pour le Développement, Université de Nouvelle-Calédonie, ²Institut Méditerranéen 

de Biodiversité et d'Écologie, Centre National de la Recherche Scientifique, ³Independent, ⁴Centre de 

Recherches Insulaire et Observatoire de l'Environ 

Species invasions are major shapers of small insular ecosystems, due the frequent paucity of ecological 
interactions and low functional diversity of native island biota. Clipperton / La Passion (10°18′ N, 109°13′ 
W), a French overseas territory in the Eastern Tropical Pacific and the world's most isolated atoll (>900 
km from the closest land), has undergone multiple ecosystem shifts over the past centuries, driven by 
temporary human settlement and accidental species introductions. In the 1950s, these shifts led to the 
near extinction of the atoll's notoriously large seabird community, putatively linked to the presence of 
domestic pigs (Sus scrofa). Their removal in 1958 sparked a recovery of the marine avifauna, bouncing 
back from a few hundred breeders to more than 150,000 individuals today. In recent years, the atoll has 
been shown to host the world's largest known colony of masked boobies Sula dactylatra (~35,000 
breeding pairs) along with growing numbers of brown boobies Sula leucogaster (8000 bp). However, the 
introduction of the black rat Rattus rattus in the early 2000s prompted a decline of native grazing crabs, 
causing a rapid increase of local plant cover and initiating the spatial redistribution of nesting habitats. 
We combined ground and aerial survey data collected over the 2000-2019 period to assess the size and 
spatial distribution of breeding seabird colonies on Clipperton island and monitor the recent spread of 
vegetated areas. Using metrics of habitat characterization, we observed an expected negative effect of 
plant cover and height (>20cm) on the breeding of ground-nesting species. Overall, our results indicate 
that masked and brown boobies populations on Clipperton island have either remained stable or slightly 
grew in size from 2000 onward while the availability of ground-nesting habitats was continuously 
reduced by the rapid spread of creeping vines (Ipomoea pes-caprae, I. triloba) and sub-shrub plants 
(Sida rhombifolia). This study sets a baseline for discussing ecological processes at work since rat 
introduction and infer future habitat and demographic trends for breeding seabird populations on the 
atoll. 
 

2P-N-3: The North Pacific Pelagic Seabird Database version 3.0: Expanding spatial-temporal ranges to 

address broad-scale questions 

Authors: Gary Drew¹, John Piatt¹ 

¹U.S. Geological Survey-Alaska Science Center 

The North Pacific Pelagic Seabird Database (NPPSD) was created in 2005 by the U.S. Geological Survey 
(USGS) and U.S. Fish and Wildlife Service, with additional support from the North Pacific Marine 
Research Institute to consolidate available data (~61,000 transects conducted during 1975-2002) on the 
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oceanic distribution of seabirds in the North Pacific generally and Alaska in particular. The NPPSD was 
expanded greatly in Version 2.0 to include ~290,000 additional transects (1973-2012) conducted in 
adjacent waters of Russia, Japan, Alaska, Canada and the US West Coast. We have recently expanded 
the NPPSD by ~30% with the addition of another ~110,000 transects (2013-2019) for a total of 460,285. 
The NPPSD version 3 includes observations of over 20 million marine birds observed over 47 years. This 
update provides researchers and resource managers expanded spatial and temporal range for the 
mapping of marine bird distributions and abundances throughout the North Pacific. Data from the 
NPPSD has been used to map "hotspots of energy flow," assess species status and trends, and identify 
Important Bird Areas to assist in conservation planning. As the availability of broad-scale environmental 
data has increased, the potential to link seabirds to environmental factors will depend on integrated 
data resources like the NPPSD. Future updates of this USGS database will focus on filling in gaps and 
developing tools to assist in the linkage between the NPPSD and external data sources. 
 

B – Biology/Breeding Biology/Nonbreeding Biology  

2P-B-4: The roles of habitat selection and allochrony in niche partitioning in two closely related 

Eudyptes penguins 

Authors: Cara-Paige Green¹, Norman Ratcliffe², David Thompson³, Thomas Mattern⁴, Simon 

Wotherspoon¹, Mary-Anne Lea¹, Pablo Garcia Borboroglu⁵, Ursula Ellenberg⁶, Kyle Morrison⁷, Klemens 

Pütz⁸, Paul Sagar⁹, Philip Seddon⁴, Leigh Torres¹⁰, Mark Hindell¹ 

¹University of Tasmania, ²British Antarctic Survey, ³National Institute for Water and Atmospheric 

Research, ⁴University of Otago, ⁵New Zealand Penguin Initiative, ⁶La Trobe University, ⁷NA, ⁸Antarctic 

Research Trust, ⁹National Institute of Water and Atmospheric Research, ¹⁰Oregon State University 

Mechanisms promoting coexistence between closely related species are fundamental for maintaining 
species diversity. Mechanisms of niche differentiation include allochrony which offsets the peak timing 
of resource utilisation between species. Many studies focus on both spatial and temporal niche 
partitioning; however, few have investigated the role allochrony plays in influencing interspecific 
segregation of foraging distribution and ecology between congeneric species. We investigated the non-
breeding migrations of Snares (Eudyptes robustus) and Fiordland penguins (Eudyptes pachyrhynchus), 
closely related species breeding between 100 - 350 km apart whose migration phenology differs by two 
months. We examined the degree of overlap given the observed allochrony and a hypothetical scenario 
where the species commence migration simultaneously. We found that Fiordland penguins migrated to 
the Sub-Antarctic Frontal Zone and Polar Frontal Zone in the austral autumn whereas Snares penguins 
disperse westwards staying north of the Sub-Tropical Front in the austral winter. Our results suggest 
that allochrony is likely to be at the root of segregation because the relative profitability of the different 
water masses, that the penguins forage in, changes seasonally, which results in the two species utilising 
different areas over their core non-breeding periods. Furthermore, allochrony reduces relatively higher 
levels of spatiotemporal overlap during the departure and arrival periods, when the close proximity of 
the two species' colonies would cause the birds to congregate in similar areas, resulting in high 
interspecific competition just before the breeding season. Available evidence suggests that the shift in 
phenology between these species has arisen from adaptive radiation and phenological matching to the 
seasonality of local resource availability during the breeding season and reduced competitive overlap 
over the non-breeding season is likely to be an incidental outcome. 
 

2P-B-5: Contrasting impacts of environmental variability on the breeding biology of two sympatric 

small procellariiform seabirds in south-eastern Australia 
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Authors: Yonina Eizenberg¹, Aymeric Fromant¹, John Arnould¹, Arnaud Lechvien¹ 

¹Deakin University 

Seabirds play a vital role in marine ecosystems and the long-term study of their responses to 
environmental variations can be used to monitor the effects of climate change on marine fauna. 
However, slight differences in similar seabird species result in a range of responses which complicates 
our understanding of the effects of environmental changes to marine ecosystems. The present study 
investigated inter-annual differences in the breeding biology (breeding phenology, chick growth rates 
and breeding success) and environmental conditions (seasonal sea surface temperatures) of important 
foraging areas in two sympatric small Procellariiform species, the fairy prion (Pachyptila turtur) and the 
common diving petrel (Pelecanoides urinatrix), over four reproductive seasons (2017-2020) in Bass 
Strait, south-eastern Australia. Marine heatwaves occurred during the years of 2018/19 and 2019/20 
and coincided with years of delayed laying dates, slower chick growth and reduced breeding success, in 
both species. While fairy prions maintained a relatively high breeding success and broadly constant 
breeding phenology, common diving petrels delayed the start of the breeding season by up to 50 days 
and experienced dramatic collapses in breeding success in years of high marine heat wave occurrence. 
The difference in physiological capacity and foraging ecology between both species are explored as likely 
factors contributing to the contrasting breeding seasons observed. 
 

2P-B-6: Neighbours in name only: differing breeding and post-breeding ranges of two close colonies of 

Wedge-tailed Shearwaters 

Authors: Nicholas Carlile¹, Susanne Callaghan², Chris Lloyd³ 

¹Science Division, ²NSW National Parks and Wildlife Service, ³Wiyanga Pty Ltd 

The pan-Pacific Wedge-tailed Shearwater <i> Ardenna pacifica </i> can be found breeding on most 
islands along the Australian east coast. While they have been treated as a meta-population for 
management, the connectivity of colonies has never been tested. We successfully tracked two close 
(240 km separation) breeding populations of Wedge-tailed Shearwaters from coastal islands within New 
South Wales (NSW) using Global Location Sensors and recovered the units over several subsequent 
seasons. During their breeding season, the northern colony at Broughton Island generally foraged to the 
north and east of their location into the Tasman and Coral seas. The southern colony on Big Island 
foraged east and south into the Tasman and into the Great Australian Bight. The timing of post-breeding 
movements was similar from both colonies with several locations in the western Pacific around New 
Guinea, Indonesia and the Philippines used for recovery and moulting. Given the disparity between 
breeding and non-breeding locations for NSW coastal nesting sites of Wedge-tailed Shearwaters further 
research is now required. If we are to appropriately manage them, studies are required to look at any 
genetic differentiation within the coastal island populations, differences in sub-population productivity 
and processes threatening their survival. 
 

2P-B-7: Drivers of long-term declines in Red-throated Loon abundance on Alaska?s Arctic Coastal 

Plain: marine ecosystem conditions, environmental contaminants, or terrestrial predators? 

Authors: Brian Uher-Koch¹, Christopher Latty², Angela Matz³, Vanessa von Biela¹, Courtney Amundson¹, 

Joel Schmutz¹ 

¹U.S. Geological Survey Alaska Science Center, ²U.S. Fish and Wildlife Service Arctic National Wildlife 

Refuge, ³U.S. Fish and Wildlife Service Environmental Contaminants Program 
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Red-throated loons (Gavia stellata) are a species of conservation concern due to the sensitivity of 
breeding individuals to disturbance and population declines, including a current decline on the Arctic 
Coastal Plain in northern Alaska, where oil and gas development is slated to increase. Concurrently, 
populations of two sympatric loon species are either stable or increasing on the Arctic Coastal Plain, 
highlighting the need to determine drivers of the population decline in red-throated loons. Possible 
drivers include nearshore marine ecosystem conditions, contaminants or predators. We present recent 
information on three possible drivers of loon abundance and discuss new research that addresses each 
of these hypotheses related to red-throated loon population declines in northern Alaska. Unlike 
sympatric loon species that feed in freshwater, red-throated loons exclusively catch fish in nearshore 
marine environments to feed themselves and their chicks. Thus, unfavorable shifts in nearshore fish 
communities may contribute to population decline of red-throated loons if preferred prey species are 
less abundant or have lower body condition. Ongoing research has revealed long term shifts in fish 
community composition and catch rates; therefore, identifying red-throated loon prey fish species, their 
nutritional quality and availability in northern Alaska, and links to loon energetic costs of flight and 
diving may allow assessment of how marine conditions impact loon breeding success. Contaminants 
were identified as a concern in northern Alaska over 15 years ago when eggs exhibited elevated levels of 
toxic polychlorinated biphenyls (PCBs), which may influence loon reproductive success. Determining 
contemporary contaminant levels, in conjunction with migration information from satellite telemetry 
data, may provide additional information on contaminant level trends and sources. Predatory Arctic fox 
(Vulpes lagopus) abundance on the Arctic Coastal Plain is highly variable but years of high fox abundance 
can negatively affect avian breeding success; therefore, it is important to identify the potential top-
down impacts of predators on loon breeding success. 
 

D – Climate change  

2P-D-8: Impacts of terrestrial heat waves on survival of little penguins during moult 

Authors: Lauren Tworkowski¹, Peter Dann², Ursula Ellenberg¹, Kylie Robert¹ 

¹La Trobe University, ²Phillip Island Nature Parks 

Continued warming of the Earth's atmosphere is having a range of ecological, behavioural and 
physiological impacts on seabirds. The effects of changes in sea surface temperatures on seabirds are 
well-documented, but the effects of high ambient temperatures on land are not. Like all penguins, moult 
in Little Penguins is 'catastrophic', with all feathers shed and replaced in ~18 days. As they do not have 
adequate insulation and waterproofing to forage at sea, they are constrained to land in some of the 
hottest parts of the year. Long-term survival analysis suggests that adult mortality is greatest in years 
when high ambient temperatures are paired with low humidity during moult. Given current climate 
projections, successful management of Little Penguins requires a better understanding of the 
physiological processes and habitat features that influence mortality events. In this study we aimed to 
identify which birds are most at risk of heat stress during moult, and why. Using a novel approach to 
field respirometry, we investigated thermoregulatory costs of moulting birds in response to ambient 
temperature and humidity. Our results predicted that penguins in early stages of moult would be most 
affected by heat exposure, as they displayed a significant increase in metabolic rate at higher 
temperatures compared to mid and late moult birds. During a heat wave in 2019, the greatest mortality 
event of moulting adult Little Penguins on record occurred at Phillip Island in south-Eastern Australia. As 
predicted, all recorded deaths were birds in early stages of moult. We are currently quantifying the 
microclimates of burrows and vegetation types and investigating how birds are using structural habitat 
during extreme weather events. Results will help determine how Little Penguins are currently coping 
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with extreme temperatures on land, and identify adaptation options most likely to reduce negative 
climate change impacts for the species across their distribution. 
 

2P-D-9: A thousand years of change in the California Current and the isotopic niches of two alcids 

Authors: Sarah Thomsen¹, Paul Collins², René L. Vellanoweth Vellanoweth³, Amira Ainis⁴, Jessica 

Rodriguez³, Santos Ceniceros³, Tara Smiley⁵, Jen Cotton⁶, Rebecca Terry¹ 

¹Oregon State University, ²Santa Barbara Museum of Natural History, ³California State University, Los 

Angeles, ⁴University of Oregon, Eugene, ⁵Indiana University, ⁶California State University Northridge 

Seabirds on islands in the California Current are often heralded as indicators of ocean climate variability. 
However, far less is known about the responses of seabirds at time scales of hundreds to thousands of 
years. Near the southern end of the California Current in the Channel Islands National Park, two small 
nocturnal alcids breed on Santa Barbara Island. This includes the zooplanktivorous Cassin's Auklet 
(Ptychoramphus aleuticus) as well as the more generalist Scripps's Murrelet (Synthliboramphus scrippsi). 
Adults of both seabirds are consumed by Barn Owls (Tyto alba), and one particular owl roost in a sea 
cave contains a record of accumulated prey bones spanning at least the last ~1500 years. As part of a 
larger ongoing project detailing the faunal remains from the cave, we compared the isotopic niche 
dynamics for auklets and murrelets over the last millennium. We used stratigraphy and AMS 14C dated 
samples to determine ages of the seabird bones and extracted bone collagen for stable isotope analysis 
(𝛿13C and 𝛿15N). We also compiled data on marine paleoclimate to determine how changing conditions 
may have affected niche dynamics and partitioning between the two alcids. We also evaluated the 
impacts of more recent historical changes to the island such as the introduction of non-native plants and 
animals and the advent of commercial fisheries. Finally, we discuss these findings in the context of 
ongoing climate change and implications for the future. 
 

E – Conservation  

2P-E-10: Using fauna grids to prevent penguin mortality 

Authors: Leanne Renwick¹, Andre Chiaradia¹, Ross Holmberg¹, Damian Prendergast¹ 

¹Phillip Island Nature Parks 

Human disturbance of seabird colonies is increasing globally, activities such as development can have 
direct negative effects on the breeding grounds. Being flightless, penguins are at higher risk of vehicle 
collisions in developed areas. Mitigation of these impacts need to be adapted to individual species and 
situations. Phillip Island, Australia is a successful story of conservation of Little penguins Eudyptula 
minor. Conservation initiatives are funded by ecotourism to the Penguin Parade®, which attracts over 
800,000 paid visitors per year. The carpark built to accommodate around 600 vehicles per night also had 
Little penguin breeding burrows amongst the parking bays. This unwanted interaction resulted in 21 
vehicle collisions with Little penguins within the parking areas between 2012 and 2017. As part of the 
redevelopment of the visitor centre in 2018, penguins were excluded from the future parking areas to 
mitigate this risk. While fencing is an effective deterrent to keep Little penguins out, gates across 
entry/exit roads to allow cars and buses through were not a practical option. Here we investigated the 
efficacy of modified cattle grids, fauna grids, to restrict the movement of Little penguins. Automated 
camera-traps were used to observe the animals' behaviour when interacting with the fauna grids. Little 
penguins approaching the grids were classified into: refusing to cross, unsuccessful crossing attempt, or 
successful crossing. Initial analysis showed most penguin approaches were unsuccessful crossing 
attempts, with a smaller proportion refusing to cross, and no successful crossings observed. Our results 
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suggest that fauna grids can be used to effectively restrict the movements of Little penguins and exclude 
them from unwanted areas. We propose the use of fauna grids as an effective tool to help mitigate road 
mortality of Little penguins, which may be applicable for other flightless bird species. 
 

2P-E-11: Challenges associated with introduced predator control to protect a remnant mainland 

colony of titi, sooty shearwater (Puffinus griseus) in Otago, Aotearoa New Zealand 

Authors: Francesca Cunninghame¹, Graeme Loh¹, Paul Gasson², David Bowden¹ 

¹Royal Forest & Bird Protection Society, ²Independent 

Tītī, sooty shearwater (Puffinus griseus) breed in New Zealand, the majority now confined to offshore 
islands with limited introduced predators. Outside the breeding season they migrate to the North 
Pacific. While abundant, P. griseus are classified under the NZ Threat Classification System as nationally 
At Risk, In Decline and are threatened at their breeding sites by introduced mammal predation and land 
use change and at sea by bycatch from the fishing industry and changes to food source from climate 
change and fisheries competition. Otago has the largest remaining colonies of P. griseus on mainland 
New Zealand, however these colonies are declining and remain threatened by introduced species 
predation. Forest & Bird is attempting to maintain a colony at Sandfly Bay Wildlife Reserve, we present 
results from five seasons of colony monitoring where predator control initiated in 2017. A trained 
conservation dog was used to identify active burrows at early incubation and again at late chick stage. 
These burrows were monitored by trail camera and in years with successful fledging, chicks were 
banded and PIT tagged prior to fledging. In all years an estimated 150 burrows showed activity, but in 
four of the five years only a small percentage of these had breeding pairs. This is uniform across the 
remnant colonies we have studied, highlighting the potential for conservation dog monitoring of 
burrowing seabird colonies with low breeding occupancy. Seven predatory introduced mammals have 
been recorded and while the trap network has caught a range of these, cameras show that tītī chicks 
were still predated and in three consecutive seasons no chicks fledged. Successful fledging was recorded 
for the first time in season four, and with greater success in season five, resulting in 81 chicks banded in 
two seasons. Despite breeding failure in three out of five seasons, low mortality of adults has been 
recorded. Our results show the challenges associated with effectively protecting P. griseus breeding 
colonies from introduced mammal predation and that an expanded range of ethically approved 
predator control tools, that avoid catching other valued native species, are required. The persistence of 
P. griseus colonies at mainland sites calls for establishing effective management and monitoring 
techniques which can be used further afield. Furthermore, New Zealand has an aspirational goal of 
being "Predator Free by 2050"; our results demonstrate the ambition of this aspiration. 
 

G – Diet  

2P-G-12: DNA-based diet analysis of sub-Antarctic predators to assess food-web linkages and 

ecosystem change 

Authors: Julie McInnes¹, Bruce Deagle², Andrea Polanowski³, Ben Raymond³, Sam Thalmann⁴, Rowan 

Trebilco², Barbara Wienecke³, Mary-Anne Lea¹ 

¹University of Tasmania, ²CSIRO, ³Australian Antarctic Division, ⁴Department of Primary Industries Parks 

Water and Environment 

Ecosystem monitoring programs that aim to support the maintenance of biodiversity and ecosystem 
function require a sound knowledge of species composition and food web linkages. This information 
provides a foundation for assessing ecosystem changes. Seals and seabirds respond to changes in the 
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availability of lower trophic levels, making these predators ideal indicator species to monitor change. 
Dietary studies provide a mechanism to assess these ecosystem changes as well as the marine 
biodiversity of a region. DNA metabarcoding of predator scats is a non-invasive tool that allows the 
simultaneous investigation of the diet of different predator species, increasing our understanding of 
ecosystem connectivity and food web structure. However, the success of these programs relies on 
careful selection of candidate species, utilisation of appropriate molecular markers, availability of 
reference sequences and incorporation of DNA data into food web networks. By simultaneously 
studying the diet of various predators on Macquarie Island, we aim to develop a marine ecosystem 
monitoring framework using scat DNA to assess biodiversity of prey species in the sub-Antarctic. 
Through the collation of baseline and new dietary data, we will provide a sound foundation for future 
monitoring programs measuring change in marine species diversity. 
 

K – Miscellaneous  

2P-K-15: Methodological improvements in uncertain classification of individual-level demographic 

measurements: Improving reliability of inferences from citizen-science and field data 

Authors: Edward Kroc¹, Louise Blight² 

¹University of British Columbia, ²Procellaria Research & Consulting 

Both professional and citizen-science field work often generate uncertain sample measurements. 
Definitive age and sex determinations can be notoriously difficult and/or costly to ascertain for specific 
individuals in the field, and even correct species identification can be problematic in citizen-science 
endeavours. While a variety of statistical techniques exist for quantifying such uncertainty at the 
population or sample level, when this uncertainty exists at the level of the individual datum, analysts are 
either forced to treat the unit-level information as definitive or discard it altogether. Either approach 
can introduce bias into subsequent sample estimates and necessarily mischaracterizes their associated 
measures of uncertainty. In this presentation, we will discuss random-variable-valued measurements, a 
new approach that we have developed to directly incorporate the sample-unit-level uncertainty of 
measurements into traditional data analysis, and introduce software for easy implementation. Our 
approach allows analysts to properly utilize field measurements on individuals that are both definitive 
and tentative (e.g. partial/uncertain sex or age measurements), improving the accuracy and reliability of 
resulting inferences that are crucial for the quantification of seabird population demographics. 
 

2P-K-16: Status of Sea Gulls along the southeast coast of Bangladesh 

Authors: Mohammad Islam¹ 

¹Marinelife Alliance 

Bangladesh coast and particularly the southeast coastal areas are diverse in habitat interms of birds 
habitat. Seabirds are good candidates as ecological indicators, especially in under-studied ecosystems 
since they provide insights into marine ecosystem processes and functions at various trophic levels. Our 
review discusses salient points on the present status of seabirds in the Bay of Bengal Large Marine 
Ecosystem; despite overall low seabird numbers and biomass, this region harbors 7 species of gulls, and 
some of the rare species worldwide, which are known to breed in various marine habitats of Andaman 
and Nicobar islands, in addition to the coastal areas of mainland. Further, we elaborate on employing 
seabirds as potential indicators of this ecosystem and how they outscore other taxa in this aspect. 
Finally, I want to point out that habitat degradation severely posing gulls population declining during the 
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last 20 years. It was observed fisheries interaction quiet positive with gulls rather very negative with the 
development work, infrastructure intervention for tourism and urbanization. 
 

2P-K-17: Describing seabird assemblages in Australia using model-based clustering analysis 

Authors: Nicholas Winterle Daudt¹, Eric Woehler², Matthew Schofield¹, Robert Smith¹, Leandro Bugoni³, 

Will Rayment¹ 

¹University of Otago, ²University of Tasmania, ³Universidade Federal do Rio Grande – FURG 

Identification of species assemblages is an essential step in understanding how the distributions of 
seabirds relate to their environment. Identification can support the generation of ecological hypotheses 
and inform the basis for conservation and management efforts. Australia supports a high diversity of 
seabirds, yet no large-scale assessment of seabird assemblages has been attempted. This study 
examines data from 1193 at-sea counts undertaken by the Australasian Seabird Group (ASG) in 2018 and 
2019 during 6 trips off southeast Australia, and presents preliminary analyses of seabird assemblages 
and their relationships with environmental variables. Multivariate mixture models known as Region of 
Common Profiles (RCPs) were developed that identify environmental spaces ('regions') in which the 
probability of observing a set of species ('profiles') is constant within that region and different from 
others. Allocation of RCPs for a particular environmental space would permit the prediction of which set 
of species would have the highest probability of occurrence therein. We recorded 15640 individuals 
belonging to 53 species (34 used in RCP models, based on 3 or more occurrences). The model with three 
RCPs best fitted the survey data, although RCP 2 did not have a high probability for any predicted grid. 
These preliminary results identified coastal/near-shore (RCP 1) and oceanic/off-shore (RCP 3) 
assemblages. The oceanic RCP showed higher probabilities of membership for gadfly and Procellaria 
petrels and all Diomedea albatrosses. The coastal RCP had high membership probabilities for typical 
coastal taxa such as gulls, terns and gannets. The next steps will be to run RCP models to identify and 
describe seabird assemblages all the entire Australian coast, using more than 10,000 counts from the 
ASG database from 2016 to 2021. 
 

M – Pollution   

2P-M-18: Impacts of marine plastic debris on Swinhoe's storm-petrels in Korea 

Authors: Miran Kim¹, Mi-jin Hong¹, Ki-baek Nam², Young Soo Kwon³ 

¹Seabirds Lab. of Korea, ²Kyung Hee University, ³Korea National Park Research Institute 

Global population of Swhinhoe's strom-petrels (Hydrobates monorhis) breeds mainly in South Korea. 
Birds of the order Procellariiformes are vulnerable to marine plastic debris. We investigated the impact 
of marine plastic debris on Swhinhoe's strom-petrels of Procellariiformes in Korea. 169 carcasses were 
collected from two breeding colonies and one island in 2012~2014, 2016 and 2018. We analyzed plastic 
debris in crop, proventriculus and gizzard after dissecting individual birds. Most of Swinhoe's storm-
petrels ingested plastic debris (93.7%). Individuals contained mean 18.73±13.41 pieces (up to 65 pieces) 

of plastic debris in their stomach. 87% of ingested plastic were microplastic (≤5㎜) in size. 40% of 
collected Swhinhoe's storm-petrels had more plastic than 0.1% of their average body mass. Types of 
ingested plastic were fragment (81.8%) and threadlike (11.7%) followed by and industrial pellet (2.3%), 
sheetlike (1.7%), foam (1.3%) and sphere (0.8%). Polymer types of ingested plastic were mainly PE and 
PP. In a breeding colony, we found a Swhinhoe's storm-petrel was entangled by a part of fishing net in 
its burrow. In conclusion, Swhinhoe's storm-petrels are affected by marine plastic debris as well in 
Korea. This study was supported by a grant "Development of technology for impact assessment of 
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marine plastic debris on marine ecosystem (PE99914)" of Korea Institute of Ocean Science and 
Technology. 
 

 

P - Surveys  

2P-O-19: Into the unknown - tracking tākoketai/black petrel fledglings across the Pacific. 

Authors: Elizabeth Bell¹, Patrick Crowe², Samantha Ray², Simon Lamb² 

¹Ms, ²Wildlife Management International Ltd 

The main threat to tākoketai/black petrel is at-sea, where they are accidentally caught by commercial 
and recreational fishers. In New Zealand, steps are being taken to reduce the risk from fishing to black 
petrels. However, young birds and adults spend a large part of their lives outside New Zealand, 
migrating to waters off the eastern tropical Pacific during the Southern Hemisphere winter. The lack of 
knowledge about their movement and behaviour while at-sea in international and South American 
waters limits the ability to assess overall threats to black petrels. It appears that the survival rates of 
juvenile black petrels are low compared to adults with very few of the banded fledglings being 
recaptured at their natal colony as fully grown breeding adults. The recent advent of smaller (<18 g) 
satellite tracking devices has made it possible to track the post-natal dispersal of juvenile black petrels 
once they leave the breeding colonies on Aotea/Great Barrier Island, and for the first time compare 
whether the dispersal behaviour and distribution of juvenile birds differs from those of adult birds. 
Following trials of four different models of satellite tracking devices in 2017, 14 Telonics TAV2618 
devices were deployed on fledgling black petrels in April 2018. All 14 birds successfully fledged, and all 
immediately followed a similar eastward migration route across the Pacific. Incredibly most of the birds 
turned northwards at roughly the same position and headed to seas west of the Galapagos Islands. 
Three birds continued traveling to near to inshore waters of Ecuador, Colombia and Panama. The final 
transmitter stopped sending signals on 25 August 2018, five weeks beyond the expected life of the 
battery. Given that adult black petrels were found to heavily favour a relatively small sea area off the 
coast of Ecuador during winter months, but that black petrels are also known to range much more 
widely in the eastern Pacific, it is possible that juvenile black petrels have a much wider distribution in 
the eastern Pacific than adult birds. 
 

 

 


	WSC3FrontCover.pdf
	WSC3AbstractBook

