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Abstract 

While foraging, a predator is expected to try maximizing its net energy gain by choosing 

the most profitable prey type in the most profitable patch with the least costly capture technique 

according to given internal and external conditions. Gulls are known to be dietary generalists, 

feeding on a wide variety of prey types, which promotes flexibility in diet, foraging habitat types 

and prey capture techniques. I investigated the effect of internal and external factors on the 

foraging behaviour of Herring and Great Black-backed gulls in coastal Newfoundland. I first 

examined how post-breeding failure (internal) and ice conditions (external) affect the foraging 

behaviour and movement pattern of incubating Great Black-backed Gulls. Findings suggests that 

presence of low percent ice cover in marine habitats may act as important at-sea 

foraging/roosting sites. Additionally, post-breeding failure movement pattern suggests some 

advantage to maintaining a presence at nest sites. I also conducted an at-sea experiment to 

investigate how capelin availability (external), along with flock size (external) and species 

composition (external) at multi-species feeding aggregations affect species-specific responses to 

supplemental food and foraging success of seabirds. Findings suggest that seabirds may rely on 

other supplementary food sources, such as fisheries discards, when capelin availability is limited 

in coastal Newfoundland, but the extent of this reliance will be moderated by the presence and 

relative abundance of other seabirds. This thesis provides important and novel information on 

how the foraging behaviour of Herring and Great Black-backed gulls vary with internal and 

external factors at the individual- and population-level. Investigating the factors affecting 

foraging behaviour of gulls could help further understanding of the relationship between foraging 

behaviour, seabird predation and gull population decline and, thereby, help conservation of both 

gulls and other seabird species.
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General Introduction 

Recent research in movement ecology has inspired the creation of the movement ecology 

paradigm (Nathan et al. 2008). It stipulates that movement patterns can be explained with the 

interactions between individual and environmental elements (Nathan 2008, Nathan et al. 2008). 

Those elements are referred to as internal factors when coming from the individual meaning 

internal states (e.g. physiological trigger), motion capacity (e.g. morphological traits) and 

navigation capacity (e.g. sensory organs to obtain information) and external factors when coming 

from the environment (i.e. abiotic or biotic factors; Nathan et al. 2008). Foraging behaviour is 

defined as the action of an animal searching and exploiting food resources. Thus, foraging 

includes both the movement related to searching for and the selection of prey. Increased interest 

in foraging behaviour resulted the development of the foraging theory (Stephens and Krebs 1986, 

Kamil et al. 1987). The underlying presumption of foraging theory is that a predator will always 

try to maximize its net energy gain. There are three assumptions to foraging models (Stephens 

and Krebs 1986). First, various types of prey items (e.g., prey types, patches, etc.) are available 

to the animal, some being of higher energetic benefit than others. Prey quality varies with energy 

content of the prey and the cost of search, handling and consuming the prey, whereas patch 

quality will vary with the density of prey types within the patch and the time of transit between 

patches. The second assumption is that the animal has the ability to make decisions on what type 

of prey item to exploit. The third assumption is that factors (intrinsic or extrinsic) can affect the 

relationship between the prey items (and their benefits) and the decision-making process. This 

third assumption is analogous to the internal and external factors of the movement ecology 

paradigm. A variant of foraging models, termed central-place foraging theory, implies that the 

predator has to return to a specific location prior to prey ingestion (Orians and Pearson 1979). 
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Selection of foraging patches is then restricted within a maximum distance from the central 

location. Thus, while foraging, a predator is expected to try maximizing its net energy gain by 

choosing the most profitable prey type in the most profitable patch with the least costly capture 

technique according to given internal and external conditions (Stephens and Krebs 1986). 

To maximize net energy gain, the forager can also decide whether to feed in a group or 

solitarily. Individuals can benefit from group foraging by finding prey patches more efficiently, 

such as by cueing to the foraging activities of others (‘local enhancement’; Thiebault et al. 2016), 

as well as increasing prey capture efficiency, such as causing aggregated prey to become more 

dispersed and easier to capture (e.g. Gotmark et al. 1986). When prey become limited within a 

patch, however, group foraging may result in predators competing for food resources, thereby 

reducing the patch quality (Gotmark et al. 1986, Beauchamp 2011). Therefore, group foraging 

may be beneficial only until an optimal group size is reached (Gotmark et al. 1986, Beauchamp 

2011, Thiebault et al. 2016). Nevertheless, when the number of prey patches available in a region 

are limited and searching costs are high, predators may aggregate within a few patches, despite 

high densities of competitors and reduced benefits (Danchin et al. 2012). The degree to which 

benefits are reduced, however, depends on the prey capture behaviour of competitors, whereby 

particular species may have lower prey capture success in the presence of conspecific and 

heterospecific competitors (Hoffman et al. 1981, Shealer and Burger 1993, Maniscalco and 

Ostrand 1997, Garthe and Hüppop 1998, González-Zevallos and Yorio 2011). Overall, the net 

energy gain of joining a feeding group is predicted to vary with the quality of the patches in the 

region (e.g. prey density), as well as the diversity and identity of competitors encountered at prey 

patches.  
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Study species 

To pinpoint factors affecting the foraging behaviour of an animal, prior knowledge of the 

ecology of the study species is necessary. Laridae is a large family of birds that includes over 50 

different species that are associated with large water sources, such as lakes or seas (Hans and 

Olsen 2004). Larus species, usually referred to as large gulls, usually breed in colonies, some in 

higher densities than others (Pierotti and Good 1994, Good 1998). In the North Atlantic, large 

gull populations have substantially increased in the 20th century due to high accessibility of 

fishery discards, which acted as supplemental food (Drury 1973, Drury and Kadlec 1974), but 

populations are now decreasing in many locations (Chapdelaine and Rail 1997, Furness and 

Tasker 2000, Robertson et al. 2001, Anderson et al. 2016) possibly due to decrease in prey 

availability (e.g. fisheries discards and fish stock depletion).  

Like most bird species, gulls are central-place foragers during the breeding season and, 

thus, individuals have to return to a specific location (nest) between foraging events. Most 

species are known to be dietary generalists, feeding on a wide variety of prey types (Pierotti and 

Good 1994, Good 1998) and, thus, are considered to be omnivorous. Indeed, some gull species 

forage on fish, birds (from eggs to adults), invertebrates, mammals, human refuse and even 

berries (Pierotti and Good 1994, Good 1998). Diet flexibility promotes the development of 

diverse prey capture techniques in a variety of habitats (Pierotti and Good 1994, Good 1998). For 

instance, gulls can forage on fish by stealing from other species (i.e. kleptoparasitism) or find 

benthic invertebrates at low tide in coastal environment by walking in the intertidal zone. They 

are also known to follow fishing vessels to retrieve discarded items. As generalists have a wide 

variety of capture techniques and prey types with contrasting qualities, they may easily switch 

among prey types and patches under changing internal and environmental conditions to 

maximize their net energy gain (Danchin et al. 2012).  
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Prey availability is a major factor determining the diet, foraging behaviour and 

distribution of gulls. For instance, the proximity to easily accessible food sources, such as 

landfills and urban centers, is known to influence the selection of foraging habitat by gulls 

(O’Hanlon et al. 2017, Shlepr 2017). Additionally, previous studies have demonstrated a diet 

switch to fish in Western Gulls (Larus occidentalis; Pierotti and Annett 1990) and Herring gulls 

(L. argentatus; Pierotti and Annett 1990, Bukacinska et al. 1996) associated with an increase in 

fish abundance. Arrival of fish in high abundance has also been correlated with lower gull 

predation on other seabird species (Massaro et al. 2000, Veitch et al. 2016), indirectly suggesting 

that fish are a highly profitable prey type. Some studies have also reported decreased 

reproductive success associated with a low proportion of fish in diet for Herring Gulls (Pierotti 

and Annett 1991, Carscadden et al. 2002), Lesser Black-backed Gulls (L. fuscus; Bukacinska et 

al. 1996) and Great Black-backed Gulls (L. marinus; Gilliland et al. 2004). However, reduced 

fishery activities have resulted in reduced offshore foraging opportunities on fish offal discarded 

at sea for Great Black-backed and Herring gulls (Farmer and Leonard 2011, Ronconi et al. 2014) 

causing population declines in eastern North America (Chapdelaine and Rail 1997, Anderson et 

al. 2016). The availability of some prey types may also vary seasonally or daily according to 

certain environmental conditions. For example, benthic invertebrates are more available to gulls 

at low tides (McCleery and Sibly 1986). Thus, tidal cycles affect prey availability and habitat 

selection (Spaans 1971, Irons et al. 1986, Rome and Ellis 2004, Rock et al. 2016), but might 

have no effect when high quality prey types (e.g. fish) are abundant (Butler and Janes-Butler 

1983, Schwemmer et al. 2008). As another example, various forms of ice, such as icebergs or 

drift and pack ice from first-year or multi-year glacier ice, can remain during the breeding season 

of certain gull species. The presence of ice can negatively alter marine and coastal habitats by 
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limiting access to aquatic prey and locally changing the temperature and salinity (Matley et al. 

2012). However, ice presence and density can also benefit seabirds, by increasing foraging 

efficiency (Spencer et al. 2014, Jakubas et al. 2017), providing roosting locations (Divoky et al. 

2016) and have been associated with increased breeding success (Boertmann et al. 2010). Thus, 

presence of ice is also expected to affect habitat selection. 

Foraging behaviour of adult gulls may be influenced by internal factors as well, 

especially during the breeding season (Bolnick et al. 2003). For example, sex, age or size can 

affect foraging behaviour and diet (Bolnick et al. 2003). Sex-based differences have been 

reported in nest attendance for Great Black-backed Gulls, with females spending more time 

within the nesting territory during incubation, suggesting possible differences in movement 

patterns among males and females (Butler and Janes-Butler 1983). Additionally, wing length (an 

indicator of overall size) showed a positive correlation with foraging distance and duration from 

the colony during breeding for Lesser Black-backed Gulls (Camphuysen et al. 2015) and 

possibly Great Black-backed Gulls (Maynard and Ronconi 2018). Age can also explain some of 

the variation in foraging behaviour. Indeed, the spatial distribution (Huettmann and Diamond 

2000), foraging behaviour (Burger and Gochfeld 1981) and diet (Washburn et al. 2013, Ronconi 

et al. 2014) of immature Great Black-backed and Herring gulls differ greatly compare to 

breeding adults. Immature gulls are often outcompeted by adults when foraging on the same food 

resources (Greig et al. 1983, González-Zevallos and Yorio 2011). Another important factor for 

breeding gulls is breeding stage. During the breeding season, nest attendance and diet has been 

found to vary at the transition between incubation and chick-rearing (Butler and Janes-Butler 

1983, Washburn et al. 2013). When birds, however, fail to breed, the spatial limitations arising 

from central place foraging are removed (Orians and Pearson 1979) and could affect movement 
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patterns and foraging behaviour relative to breeding birds. No differences, however, have been 

found in movement patterns of other seabird species during the breeding season despite breeding 

failure (Gonzalez-Solis et al. 2008, Jakubas et al. 2018). These visits may allow birds to gain 

more experience with territorial competition (Butler and Janes-Butler 1982), displace conspecific 

intruders (Burger 1980) or increase spatial knowledge of the colony and local foraging grounds 

(Kazama et al. 2013). 

 When individual-based variation is not associated with size or sex, it can be a result of 

individual specialization. Bolnick et al. (2003) describes an individual specialist as “an 

individual whose niche is substantially narrower than its population’s niche not attributable to 

sex, age or discrete (a priori) morphological group”. Many studies have shown strong evidence 

of individual specialization in gulls (Davis 1975, McCleery and Sibly 1986) and evidence has 

accumulated for some species (Annett and Pierotti 1999, Masello et al. 2013, Tyson et al. 2015, 

Juvaste et al. 2017, Maynard and Ronconi 2018). Population-level dietary shifts associated with 

varying prey abundance, however, oppose the presence of strong individual specialization 

(Bukacinska et al. 1996, Boyne 1999). Those studies indicate some prey types might be very 

profitable, thereby eliminating individual specialization on another prey type when availability of 

the profitable prey type increases (Boyne 1999, Guillemette and Brousseau 2001). Thus, some 

individuals considered to be specialists may be flexible and show facultative strategies where 

internal or external factors may influence individuals to specialize or generalize (Glasser 1982, 

Navarro et al. 2017). Some studies report individual preference rather than specialization, as 

individuals did not forage specifically at one site or eat only a single prey type, but had a higher 

proportion of a single prey type in its diet (McCleery and Sibly 1986, Rome and Ellis 2004). 

Regardless, there seems to be a substantial amount of variation in the diet and foraging behaviour 
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among individual gulls and the level of variation seems to differ among species and populations 

(McCleery and Sibly 1986, Annett and Pierotti 1999, Ronconi et al. 2014, Isaksson et al. 2016, 

Rock et al. 2016, Maynard and Ronconi 2018). Accounting for this kind of variation is, 

therefore, important in large gull studies on foraging behaviour. 

The presence of other seabirds can also affect foraging behaviour of gulls. Indeed, 

feeding aggregations in the marine environment can increase the ease finding prey patches 

(Hoffman et al. 1981, Camphuysen and Webb 1999, Bairos-Novak et al. 2015) and can disperse 

and disorient fish schools to make them easier to capture (Gotmark et al. 1986, Chilton and Sealy 

1987, Thiebault et al. 2016). However, when prey become limited within a patch, feeding with 

other predators reduces the quality of a patch, as gulls now have to compete for food resources 

(Gotmark et al. 1986, Beauchamp 2011). The presence of different species will have varying 

impact on behaviour and foraging success of gulls (Hoffman et al. 1981, Garthe and Hüppop 

1998). For instance, diving species of the families Alcidae or Procellaridae often attack 

schooling prey from below and, thus push schools to the surface, making them more accessible 

to gulls (Hoffman et al. 1981, Grover and Olla 1983). In contrast, surface-feeders, such as gulls, 

decrease availability of prey items to other species with kleptoparasitic attacks or by blocking 

foraging opportunities to other surface-feeding species when sitting on the water (Hoffman et al. 

1981, Chilton and Sealy 1987, Maniscalco and Ostrand 1997, Camphuysen and Webb 1999). 

These species are referred as suppressor (Hoffman et al. 1981), which arrival within the feeding 

flock often leads to the disruption of the aggregation and reduce success for other species 

(Camphuysen and Webb 1999). Gull species can also influence the foraging success of other 

gulls. For instance, although Great Black-backed Gulls do not join multi-species flocks as much 

as Herring Gulls (Camphuysen and Webb 1999, Cotton 2009), Great Black-backed Gulls usually 
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have higher foraging success than Herring Gulls (Rome and Ellis 2004) when feeding on the 

same prey within a patch, unless Herring Gulls are numerically dominant (Furness et al. 1992, 

Cotton 2009).  

Study area 

In the Northwest Atlantic, capelin (Mallotus villosus), a small pelagic fish, is an 

important food source for seabirds (Davoren et al. 2012). It migrates from offshore to coastal 

regions during the summer to spawn, resulting in a dramatic shift in inshore capelin biomass 

throughout the summer (Davoren et al. 2012). This seasonal event produces a wasp-waist 

structure (Buren et al. 2012) meaning that the intermediate trophic level of the food web is 

dominated by a single species (Bakun 2006). Hence, changes in capelin spawning behaviour can 

severely affect apex predators (Carscadden et al. 2002, Gaston et al. 2010, Buren et al. 2012). 

Major changes in capelin ecology occurred in the early 1990’s, where anomalous variations in 

oceanographic conditions resulted in the delayed timing of spawning by nearly a month 

(Nakashima 1996). This had consequences for breeding seabirds (Carscadden et al. 2002), with 

some species shifting their breeding timing (Montevecchi 1993), and other species incorporating 

other prey types (Regehr and Rodway 1999).  

Some studies have investigated predator-prey interactions between large gulls and 

capelin. Pierotti and Annett (1987) showed that Herring Gull pairs that did not shift to feed on 

capelin when chicks hatched were not able to fledge chicks. Studies following the early 1990’s, 

found a major decrease in reproductive success of gulls (Rodway and Regehr 1999, Carscadden 

et al. 2002). Nowadays, the diet switch toward capelin still occurs when spawning capelin arrive 

inshore and, thus, occurs later in the breeding season of gulls (Boyne 1999, Stenhouse and 

Montevecchi 1999, Massaro et al. 2000). Consequently, gulls are forced to forage on other food 
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sources prior to capelin arrival (Boyne 1999, Massaro et al. 2000, Robertson et al. 2001) and 

studies have revealed higher seabird predation during low capelin availability (Stenhouse and 

Montevecchi 1999, Massaro et al. 2000, Veitch et al. 2016). 

Thesis overview 

Gulls are often considered as nuisance in urban areas and for seabird conservation 

(Mawhinney and Diamond 1999, Stenhouse and Montevecchi 1999, Veitch et al. 2016). Indeed, 

recent studies on Newfoundland gull populations have been mainly focused on seabird predation 

by gulls, resulting in Great Black-backed and Herring gulls being held responsible for 

significantly lowering breeding performance of some seabird species (Massaro et al. 2000, 

Donehower et al. 2007, Ackerman et al. 2014). Owing to limited focus on the diet and movement 

patterns, knowledge on how Newfoundland gulls vary their foraging behaviour at the individual- 

or population-level in response to the changing environmental (e.g. prey availability, ice cover, 

etc.) or internal (e.g. breeding stage) condition is lacking. This is especially the case for Great 

Black-backed Gulls worldwide. This species breeds in lower densities and has lower population 

sizes than Herring Gulls (Pierotti and Good 1994, Good 1998) and, thus, studying Great Black-

backed Gulls is more challenging. As populations of Great Black-backed Gulls in North America 

are declining (Anderson et al. 2016), a further understanding of their foraging behaviour and how 

this is influenced by individual-level and environmental factors can help conservation of both 

gulls and other seabird species. 

The objective of my thesis is to investigate factors influencing foraging behaviour of 

large Laridae in northeast Newfoundland. In Chapter 2, I examined how internal factors (i.e. 

individual-level variation), and external factors (i.e. ice conditions) affect the foraging behaviour 

and movement pattern of incubating Great Black-backed Gulls. In Chapter 3, I conducted an at-



10 
 

sea experiment to investigate how prey (capelin) availability, along with flock size and species 

composition at multi-species feeding aggregations affect species-specific responses to 

supplemental food and foraging success of seabirds, including Great Black-backed and Herring 

gulls, during the breeding season in Newfoundland. Finally, in Chapter 4, I synthesize my key 

results and conclude on their implications for current conservation issues and future work. 
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Chapter 1: Sea ice influences habitat type use by Great Black-backed Gulls (Larus 

marinus) in coastal Newfoundland 

 

Abstract 

We investigated the influence of an unusual concentration of sea ice on the foraging movement 

patterns and habitat use of incubating Great Black-backed Gulls in coastal Newfoundland, while 

examining individual variation. I deployed GPS loggers on three incubating females during June 

2017, when multi-year sea ice moved into foraging ranges, dividing the tracking period into ice-

free (5-10 days) and ice-presence periods (11-12 days). Although all foraging trip parameters 

(e.g., distance, duration) differed among individuals, gulls typically traveled ~40 km over ~6 

hours trips and attended nests ~12-14 hours/days during both periods, Gulls, however, altered 

use of foraging habitats, defined as the number of foraging/roosting locations (i.e. speeds <4 

km/h) per habitat type (i.e. coastal, marine, island, inland). Gulls decreased use of islands when 

ice was present (0.05 ± 0.08 locations/trip) versus absent (5.91 ± 0.54 locations/trip), while 

increasing use of marine habitat when ice was present (9.41 ± 0.24 locations/trip) versus absent 

(2.87 ± 0.22 locations/trip), especially areas of <50% ice cover. This suggests that the presence 

of low percent ice cover in marine habitats may act as important at-sea foraging/roosting sites. 

Additionally, although all birds experienced breeding failure (end of June), two individuals 

continually visited the colony throughout July, suggesting some advantage to maintaining a 

presence at nest sites. 
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Introduction 

Recent developments in technology have allowed more accurate and precise animal 

movement data, inspiring the development of a movement ecology paradigm (Nathan et al. 

2008). This paradigm stipulates that movement patterns can be explained by the interaction 

between individual and environmental elements (Nathan et al. 2008). Elements are referred to as 

either internal factors, when arising from the individual and external factors, when arising from 

the environment (Nathan et al. 2008). A key underlying assumption of foraging theory is that a 

predator will always try to maximize its net energy gain by selecting the most profitable foraging 

habitat (Danchin et al. 2012). Analogous to the movement ecology paradigm, foraging habitat 

selection can be affected by internal and external factors. For central-place foragers, where a 

predator must return to a specific location to ingest, store or feed captured prey to non-mobile 

offspring, foraging habitat selection is further constrained within a limited range from the central 

place (Orians and Pearson 1979).  

Laridae are omnivorous birds with very flexible foraging behaviour and, thus, have a 

wide range of suitable prey types and foraging habitats (Gill 2006). Similar to other gulls, Great 

Black-backed Gulls feed on a wide variety of prey types, including benthic invertebrates, fish 

and seabird species and feed in a wide variety of habitats such as coastal, urban or offshore 

(Good 1998). As colonial seabirds, they are central-place foragers during the breeding season. 

Foraging behaviour of Great Black-backed Gulls is influenced by internal factors, including sex 

(Butler and Janes-Butler 1983) and breeding stage (Butler and Trivelpiece 1981). Foraging 

behaviour is also known to vary with external factors. Great Black-backed Gulls encounter 

different environmental conditions across the latitudinal gradient of their breeding range, which 

extends from Virginia (United States) to Svalbard (Norway; Good 1998). In the northern part of 

their range, various forms of ice, such as icebergs or drift and pack ice from first-year or multi-
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year glacier ice, can remain during the breeding season, whereas gulls breeding in the southern 

part of the range rarely encounter any form of ice throughout their annual cycle. The presence of 

ice can negatively alter marine and coastal habitats by limiting access to aquatic prey and locally 

changing the temperature and salinity (Matley et al. 2012). However, ice presence and density 

can also benefit seabirds, by increasing foraging efficiency (Spencer et al. 2014; Jakubas et al. 

2017), providing roosting locations (Divoky et al. 2016) and increasing breeding success 

(Boertmann et al. 2010). While the specific effects of sea-ice on gulls are unclear, other adverse 

environmental conditions may induce breeding failure. When breeding failure occurs, birds 

should no longer be spatially constrained to forage within range of the colony (central-place 

foragers), thereby affecting their movement patterns. Movement patterns of adult gulls after 

breeding failure, however, are poorly understood.  

The goal of this study is to investigate the influence of internal and external factors on 

movement patterns and foraging habitat use of Great Black-backed Gulls using GPS tracking 

devices. I hypothesize that unusually high amounts of ice (external factor) within foraging ranges 

of the breeding colony and breeding stage (internal factor) will influence the movement patterns 

and foraging habitat use of breeding Great Black-backed Gulls. I predict that, when ice is present 

nearby the colony, breeding Great Black-backed Gulls will either 1) use the same foraging 

habitats but will travel farther due to the presence of ice nearby the colony or 2) alter foraging 

habitat use to maintain a similar distance traveled from the colony. I simultaneously examine the 

influence of breeding failure on the movement patterns and foraging habitat use of these gulls. I 

predict that breeding failure (internal factor) will result in decreased presence at the colony and 

increased foraging distance and duration of trips from colony, as birds are no longer spatially 

constrained to forage within range of the central place. As the North American population of 
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Great Black-backed Gulls is declining (Mackinnon and Kennedy 2014; Anderson et al. 2016), 

tracking gull foraging movements could provide new insights into the role of environmental 

factors on these population declines. 

Methods 

Study Area 

In the study area on northeast Newfoundland coast, the focal breeding colony of Great 

Black-backed Gulls was located on Southern Cat Island (49° 18’23.36” N, 53° 35’ 17.23” W; 

Fig. 1.2) near Lumsden Harbour. The number of breeding pairs was estimated to be 60 for Great 

Black-backed Gulls and 75 for Herring Gulls (Larus argentatus), by conducting multiple 

walking transects across the island and giving a unique number to each nest. Other seabird 

species breed on the island, including Arctic Terns (Sterna paradisaea), Common Terns (S. 

hirundo) and Leach’s Storm-petrels (Oceanodroma leucorhoa). Sixty nests (34 Great Black-

backed and 26 Herring gulls) were monitored daily from 1-22 June 2017, with the exception of 

13-19 June 2017 when the anomalous inshore movement of multi-year sea ice (Barber et al. 

2018) restricted access to the island.  

Adult Great Black-backed Gulls were captured during late incubation from 31 May - 9 

June 2017 using box traps and bow nets placed over the nests. Prior to trapping, eggs were 

replaced with dummy models to prevent destruction or predation of the clutch while capturing 

and handling parents. Individuals were banded and weighed (g) using a 2.5 kg-Pesola scale. The 

following morphometric measurements (in mm) were taken using a wing ruler and calipers: wing 

chord, tarsus, bill depth, head bill and exposed culmen. Ten parents were captured from different 

nests and outfitted with Ecotone© GPS tracking devices (8 HARRIER-L model, 17.6 g, and 2 

URIA model, 21.0 g), representing ~1% of the body mass. Loggers were attached with leg-loop 

harness using Teflon tape 6.5 mm wide, as described by Mallory and Gilbert (2008). This 
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method has been used for similar studies on different species of gulls and negative impacts have 

not been found on the short-term breeding or long-term survival of individuals (Thaxter et al. 

2014, 2016; Shlepr 2017). A receiving base station (UHF) attached to a pole was placed on the 

highest point of the island to ensure remote data download from individual tags upon each 

colony visit. Loggers were programmed to record GPS locations and speed every 15 minutes 

throughout the breeding season (1 June to 31 August, ~ 13 weeks). 

The primary external factor investigated in this study was the presence of multi-year sea 

ice nearby the gull breeding colony. I categorized ice present period as consecutive days when > 

20% ice cover was within foraging range of the colony (within ~50 km of the colony), whereas 

ice-free period was defined as consecutive days with < 20% ice cover, although icebergs were 

likely present in the area. During the ice-present period, ice cover varied spatially and daily and 

ranged from 20 to 100% (Fig. 1.1). Ice cover areas were ranked in four categories; >20%, 30-

50%, 70-90% and >91% using ice cover percentages assigned by the Canadian Ice Services (ice-

glaces.ec.gc.ca). The second factor investigated was breeding failure. Nests of tagged individuals 

were monitored daily from 1-25 June 2017 to record change in breeding status, with the 

exception of 13-19 June 2017 when the sea ice restricted access to the island. To examine the 

influence of breeding failure on foraging trip parameters, I decided to described changes over 

time owing to limited sample sizes (i.e. n = 2 individuals). 
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Figure 1.1. Example of spatial variation in ice covered area within the ice-present period nearby 

the Great Black-backed Gulls colony on the northeast Newfoundland, Canada. 

Data Analysis 

Data processing first involved classifying each GPS point from tagged birds as colony 

attendance, travelling, roosting or foraging/roosting. First, I calculated the accuracy of location 

recordings from a stationary logger on the colony that collected location and speed data every 15 

min for several weeks (13 June - 18 July). Based on the mean distance between measurements, 

location accuracy was on average 36.8 m, with 94% being within 100 m of the mean location. As 

all nests were within 200 m from the center of the colony, a buffer zone within 250 m from the 

center of the colony was delimited (based on spatial accuracy) and any bird GPS location within 

this buffer zone was considered colony attendance. GPS locations on the colony but outside this 

buffer zone were considered roosting, corroborated by anecdotal observations of tagged birds. To 
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distinguish between travelling and foraging/roosting, I calculated the accuracy of speed 

recordings from the stationary logger. Speed measurements of the stationary logger ranged from 

0-12.6 km/h (mean ± standard error: 0.9 ± 1.1 km/h), with only 9.6 % being 0 km/h, but 98% 

being < 4 km/h. Based on this and other studies (Shamoun-Baranes et al. 2011; Isaksson et al. 

2016; Shlepr 2017), I set a behavioural threshold at 4 km/h, and classified GPS points with 

speeds >4 km/h as travelling and the remaining GPS points as foraging/roosting (Shamoun-

Baranes et al. 2011). Opportunistic observations at foraging/roosting locations of tagged gulls 

allowed some sites to be categorized as strictly roosting. As all sites could not be visited, the 

remaining locations were classified as foraging/roosting sites.  

A foraging trip was defined as any sequence of at least eight locations outside the colony 

with a duration of greater than or equal to two hours. From these data, a number of foraging trip 

parameters were quantified: maximum distance from nest (km), mean distance from shoreline 

(km), total foraging trip duration (h), total foraging trip distance (km) and colony attendance per 

day (h; from 00h00 to 23h59). Distances from nest and shoreline of each GPS location were 

calculated using argosfilter (Freitas 2015) and geosphere (Robert et al. 2016) packages in R (R 

Core Team 2018). To assess the relationship between each foraging trip parameter and ice 

presence, a general linear model was used with lme4 package (Bates et al., 2018) in R (R Core 

Team 2018). Owing to our small sample size (< 10 tagged individuals, 17 to 21 tracking days per 

individual), using ‘individual’ as a random factor will not give a good estimate of the variance 

(Gelman 2005). To account for internal factors, ‘individual’ was included as a fixed factor. 

Therefore, predictor variables in the model included ice presence, individual and their 

interaction : 
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 To evaluate the effect of internal factors on core and overall foraging areas, kernel 

density estimators (50% and 95%) were calculated using all locations recorded outside the 

colony and Geospatial Modelling Environment © software. All foraging trip parameters except 

for colony attendance were log transformed to meet normality assumption and post-hoc Tukey 

tests were used to examine differences among factor levels when a predictor was significant 

(α = 0.05) using the multcomp package (Hothorn et al., 2017) in R (R Core Team 2018). 

To evaluate habitat use, each GPS location classified as foraging/roosting from tagged 

birds was assigned to a particular habitat type: coastal (buffer zone of <1 km from shoreline), 

which included wharves; marine (open water >1 km from shoreline); island; and inland and lakes 

(Fig. 1.2). Polygons corresponding to different habitat types were created using information from 

satellite imaging (google.ca) and open-source polygons (open.canada.ca). Each foraging/roosting 

location was then assigned a habitat type using the intersect function within ArcGIS© software. 

During the ice-present period, each location that overlapped with ice covered area (Fig. 1.1) was 

additionally assigned a category of percent ice cover (i.e. >20%, 30-50%, 70-90% and >91%). 

For each foraging trip, the total number of foraging/roosting locations per habitat type, total 

number of foraging/roosting locations overlapping with ice altered habitat and total number of 

foraging/roosting locations over all habitat types were then calculated. To evaluate the influence 

of ice presence on habitat use, a generalized linear model with a negative binomial distribution 

and a log link (MASS package in R; Brian et al. 2018) was performed using the total number of 

foraging/roosting locations per habitat type as the response variable and the total number of 

foraging/roosting locations as an offset to control for variation in foraging trip duration. Predictor 

variables were the same as outlined above and below: 
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When ice was present, I also evaluated the use of areas with different percent ice cover 

using an analysis of variance to compare mean speed of GPS points associated with each percent 

ice cover category (i.e. >20%, 30-50%, 70-90% and >91%). Speed was square-root transformed 

to meet normality assumption and post hoc Tukey tests were used to examine differences among 

factor levels when a predictor was significant (α = 0.05) using the multcomp package (Hothorn et 

al., 2017) in R (R Core Team 2018). 

Results 

Owing to limited recharging of the loggers via the solar panel, possibly due to the 

obstruction of the solar panel by wings, only three individuals were continuously tracked 

throughout both ice-free and ice-present periods, two of which were tracked throughout the rest 

of the summer. Based on morphometric measurements, all three tagged birds were females 

(Mawhinney and Diamond 1999). All tagged birds experienced breeding failure, which began 

near the start of hatching (11 June) through the end of the month (28 June), possibly due to 

predation by mink or other gulls and inclement weather. HAR16 failed on June 8 following tag 

attachment, HAR18 failed during the ice-present period (starting 13-19 June) and HAR21 

between 21-23 June, as chicks were never found again following hatching (12 June and 20 June 

respectively). Relaying was not observed for any of the nests, allowing us to investigate the 

behaviour of gulls after breeding failure. 

Over all three individuals, 73% of speed measurements at all locations recorded outside 

the colony were under 4 km/h (Fig. 1.2). Within foraging trips, an average of 66% of locations 

were under 4 km/h, suggesting that the majority of foraging trips were spent foraging/roosting.  
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Figure 1.2. Frequency distribution of speed (km/h) for all GPS locations recorded outside the 

colony from three Great Black-backed Gulls on the northeast Newfoundland coast.  

Kernel density estimators for each individual resulted in one (HAR16, HAR21) or two 

(HAR18) core areas (Fig. 1.3). Core areas were centered around the colony and showed high 

spatial overlap among individuals (Fig. 1.3), although HAR21 remained primarily along the 

shoreline and had a much smaller core area (33.1 km2) compared to the other individuals 

(HAR16: 174.8 km2; HAR18: 275.3 km2). The foraging trip parameters were not significantly 

influenced by the presence of ice, but the effect of individual was significant for all parameters 

(Table 1.1). HAR21 had a significantly lower total trip distance relative to the other two 

individuals (P < 0.04), which did not differ significantly for these parameters (Fig. 1.3). HAR21 

also had a lower maximum distance from the nest relative to HAR16 (P = 0.03), but not relative 

to HAR18 (P = 0.06). HAR16 had a significantly higher trip duration (P = 0.01) and lower 
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colony attendance (P = 0.003) relative to HAR18. No other significant differences were found 

among individuals. The interaction between ice conditions and individual was significant for 

mean distance from shore (Table 1.1), and post hoc tests revealed that only HAR21 had a higher 

mean distance from shore during the ice-present relative to the ice-free period (P = 0.04). 
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Figure 1.3. Kernel densities estimators (50% ad 95%) of all GPS locations recorded outside the 

colony from three Great Black-backed Gulls (3-23 June 2017) on the northeast Newfoundland 

coast. 
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Table 1.1. Mean (±SE) foraging trip parameters (n = 78 trips for 3 individuals) during the 

absence and presence of ice along with F, df values and significance level (P; bold = significant; 

α < 0.05) resulting from general linear models with ice presence/absence and individuals as fixed 

effects. Note foraging trip parameters were log-transformed prior to analysis.  

                      Ice  Individual Interaction 

  Absent Present F1,72 P F2,72 P F2,72 P  

Total trip distance (km)  38.9 ± 7.4 41.1 ± 4.4 0.07 0.4 6.41 0.003 0.27 0.76  

Trip duration (h) 6.7 ± 1.3 6.0 ± 0.7 0.08 0.77 4.46 0.01 0.72 0.49  

Maximum distance from 

nest (km) 
13.8 ± 1.9 15.1 ± 1.3 0.66 0.42 4.68 0.01 0.03 0.97 

 

Mean distance from 

shore (km) 
3.5 ± 0.9 5.1 ± 0.7 3.25 0.08 18.2 <0.001 3.59 0.03 

 

Colony attendance per 

day (h) 
14.3 ± 0.8 12.0 ± 0.9 0.62 0.44 6.29 0.004 0.4 0.67 

 

 

For habitat use, ice presence did not significantly influence use of the coastal habitat type 

(Table 1.2). The interaction between ice conditions and individual was significant for marine and 

island habitat use (Table 1.2). Post hoc tests revealed that HAR18 had a significantly higher 

number of locations within marine habitat during ice-free relative to ice-present periods 

(P = 0.02; Fig. 1.4). In contrast, HAR16 and HAR21 used marine habitat more when ice was 

present relative to the ice-free period, but these differences were not significant (Fig. 1.4). 

HAR16 significantly decreased the number of locations within island habitat during ice-presence 

relative to the ice-free period (P < 0.0001), while the other individuals either did not use island 

habitat (HAR18) or only used islands during the ice-free period (HAR21; Fig. 1.4). Owing to the 

infrequent use of the inland and lake habitat type (n = 10 GPS locations across all three 

individuals), the model was unreliable and, thus, is not presented. It did appear, however, that 

individuals decreased use of inland and lake habitat when ice was present (Fig. 1.4).  
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Table 1.2. Mean (±SE) number of foraging locations in different habitat types (n = 78 trips for 3 

individuals) during the absence and presence of ice, along with likelihood ratios (LRdf) and 

significance level (P; bold = significant; α < 0.05) resulting from generalized linear models with 

a negative binomial distribution and fixed effects of ice presence/absence and individual. 

                 Ice Individual Interaction 

  Absent Present LR1 P LR2 P LR2 P 

Coastal & Inshore ice 10.5 ± 0.4 4.3 ± 0.1 1.91 0.17 4.17 0.12 1.41 0.49 

Marine & Offshore ice 2.9 ± 0.2 9.4 ± 0.2 1.17 0.28 4.42 0.1 7.93 0.02 

Islands 5.9 ± 0.5 0.6 ± 0.1 302.2 <0.001 72.4 <0.001 11.5 0.003 
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Figure 1.4. Mean (±SE) proportion of foraging/roosting locations per habitat type from three tracked Great Black-backed Gulls during 

ice-free (darker; 3-12 June 2017) and ice-present (lighter; 13-23 June 2017) conditions on the northeast coast of Newfoundland. 

Hatched bars represent the mean (±SE) proportion of foraging/roosting locations within habitats that were associated with ice covered 

areas. 
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When ice was present, the majority of GPS locations (66.7%) within marine habitat were 

also associated with ice covered areas. In contrast, only 20.0% of foraging/roosting locations 

were associated with ice covered areas within the coastal habitat when ice was present. These 

trends were similar across individuals, with more locations associated with ice in the marine 

habitat than in coastal habitat (Fig. 1.4). When examining only GPS locations associated with ice 

covered areas, mean speeds of the three tagged birds were significantly higher when ice cover 

was >91% relative to <50% (F3,489 = 6.02, P = 0.0005; Fig. 1.5).  

 

Figure 1.5. Mean (±SE) bird travel speed of recorded GPS locations associated with ice habitats 

from three tracked Great Black-backed Gulls in Newfoundland. The red line represents the speed 

threshold (4 km/h) used to discriminate between foraging/roosting and travelling behaviour for 

each recorded location. 
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After breeding failure, with HAR18 visited the colony 25 times and HAR16 visited 32 

times. During those visits, 53.1% of the locations recorded at the colony were within nesting area 

(<250 m from center of the colony) and the rest of the locations were at roosting sites on the 

island. Trip distance and duration ranged from 1.1 - 2,376 km and 1.5 hr - 31.7 days, 

respectively, while maximum distance from the nest ranged from 0.6 - 260.1 km (Fig. 1.6). 

According to validated citizen science reports of the presence of capelin at spawning beaches 

(downloaded from eCapelin.ca), at least two trips out of 78 complete trips (one per individual) 

coincided with the near-shore presence of spawning capelin Mallotus villosus, a key forage fish 

species in coastal Newfoundland, Canada (Fig. 1.6). Several other banded individuals also 

visited the colony after breeding failure, with one visiting the colony six times between 23 June - 

12 July and a second individual was observed on 15 August.  
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Figure 1.6. Examples of two breeding tracks (a) and post-breeding failure tracks (b) from two 

Great Black-backed Gulls, HAR16 (10 June and 7-9 July) and HAR18 (11 June and 23-31 July) 

in coastal Newfoundland during 2017. Two of the post-breeding failure tracks coincided with the 

presence of spawning capelin inshore (yellow diamond). The red circle indicates a 50 km radius 

around the breeding colony. 

The maximum distance from nest increased later in the summer, while colony attendance 

decreased over time (Fig. 1.7). Only 11 foraging trips out of 78 were > 50 km from the colony 

(outside the study area), which occurred after 7 July and were primarily performed by one 

individual (HAR18; Fig. 1.7). 
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Figure 1.7. Maximum distance from nest of foraging trips (top) and colony attendance (bottom) 

throughout the summer in 2017 for two Great Black-backed Gulls (HAR16 = green, HAR18 = 

blue) in Newfoundland. Vertical lines represent the dates of confirmed breeding failure for each 

individual. 
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Discussion 

Great Black-backed Gulls showed behavioural flexibility when encountering physical 

changes in their environment, as predicted by the movement ecology paradigm (Nathan et al. 

2008). The presence of ice was predicted to affect either foraging trip parameters (e.g., trip 

distance, duration) or habitat use. Indeed, the presence of inshore ice primarily caused a shift in 

foraging habitat use. This was not surprising, as gulls are very well known for their flexibility in 

foraging behaviour, with several studies reporting changes in diet and behaviour when 

encountering short-term environmental changes, such as changes in prey availability (Massaro et 

al. 2000; Votier et al. 2004; Veitch et al. 2016) or tide levels (Spaans 1971; Irons et al. 1986; 

Rome and Ellis 2004; Rock et al. 2016). Foraging trip parameters, however, remained similar 

between ice periods, whereby gulls traveled on average ~40 km over ~6 hours foraging trips and 

remained within ~14 km from the nest, which they attended ~12-14 hours per day during both 

periods. The lack of differences in foraging parameters may have arisen from individual-level 

variation (internal factors), which is supported by differential shifts in habitat use and foraging 

parameters among individuals between ice periods. Individual-level variation could be due to 

individual specialization, which has been observed in several gull species (Bolnick et al. 2003) 

including Great Black-backed Gulls (Maynard and Ronconi 2018), breeding failure may have 

played a role, as evidenced by a higher core area of the individual that failed to breed 

immediately (i.e. HAR16) relative to the individuals that failed the latest (i.e. HAR21). As 

breeding failure dates were uncertain for two individuals, we cannot attribute these differences in 

foraging trip parameters directly to breeding failure or specialization.  

 



37 
 

Although gulls tended to reduce their use of coastal habitat when ice was present, there 

were no statistical evidences. This is surprising as ice presence likely restricted food availability 

in coastal areas, with benthic invertebrates in the tidal zone becoming inaccessible when the 

shore was covered with ice. Additionally, food availability would have been limited at wharves 

(included in ‘coastal’ habitat), as local fisheries, primarily for lobsters, ceased because boats 

could not transit through the ice. Roosting behaviour, however, would not be restricted by the 

presence of ice, which could explain the lack of differences in coastal habitat use between ice 

periods because roosting was not easily distinguishable from foraging activities. As for marine 

habitat use, the lower use in marine habitat from HAR18 occurred with an increase in inland and 

coastal habitat, which suggests avoidance of ice. When ice was present, HAR18 frequently 

visited a wharf south of the colony (smaller core area shown in Fig. 1.2b), which was less 

affected by ice presence than wharves nearby the colony, and lobster fishing possibly resumed 

earlier than nearby the study colony. In contrast, the other two individuals increased their marine 

habitat use. Restricted food accessibility in coastal areas could have driven the increase in marine 

habitat use when ice was present, but there may also be advantages to foraging/roosting in 

marine habitats when ice is present. Indeed, lower speeds of gulls over areas with <50% ice 

cover suggest that floating pieces of ice may provide important foraging/roosting opportunities, 

whereas higher travel speeds over areas of high ice cover (>91%) suggests fewer opportunities. 

As another benefit, ice would provide at-sea platforms for prey ingestion where the risk of 

kleptoparasitism by competitors may be reduced (Burger 1981) as well as platforms for roosting 

(Gilg et al. 2016), whereby heat loss is minimized in comparison to roosting on the water. 

Indeed, gulls have a counter-current vascular system that facilitates heat exchange which is well-

adapted for sitting on cold surfaces (Steen and Steen 1965; Moyes and Schulte 2008). If gulls 
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used ice for roosting as well as foraging, this might also explain the reduction of 

foraging/roosting locations on islands, as islands would no longer be needed as roosting 

platforms.  

Regardless of ice presence, gulls commonly used marine habitats as foraging and roosting 

grounds and rarely traveled inland. This is in contrast to recent studies on Great Black-blacked 

Gulls and other closely related gull species, which reported little use of offshore habitat relative 

to coastal or urban habitats (Rome and Ellis 2004; Gyimesi et al. 2016; O’Hanlon et al. 2017; 

Shlepr 2017; Maynard and Ronconi 2018). Limited marine habitat use in the Northwest Atlantic 

is related to reduced fishery activities, which have resulted in reduced offshore foraging 

opportunities on fish offal discarded at sea for Great Black-backed Gulls (Farmer and Leonard 

2011; Ronconi et al. 2014) and even population declines (Chapdelaine and Rail 1997). Habitat 

selection for foraging or roosting grounds can be strongly affected by prey availability in natural 

habitats (O’Hanlon et al. 2017), as well as proximity to anthropogenic food sources such as 

landfills and urban centers (Shlepr 2017). Thus, limited marine habitat use in some studies may 

also be related to close proximity (2-20 km) of gull colonies to anthropogenic food sources 

(Gyimesi et al. 2016; Shlepr 2017). In contrast, the nearest landfill to our study colony was ~117 

km inland and the closest highly populated urban center (Gander; 11,688 habitants) was ~ 84 km 

away. This suggests that major food sources in our study area were found at sea, thereby 

explaining the lack of inland habitat use by our gulls. Gulls also may preferentially roost in areas 

where human presence is low to avoid negative interactions. Indeed, predation risk affects choice 

of roosting locations (Shamoun-Baranes et al. 2011) and when on land, Newfoundland gulls are 

often shot as part of bird harassment programs (corroborated by our band recoveries). 



39 
 

Very little is known about foraging habits and movement patterns of gulls after breeding 

failure. Gulls were expected to no longer act as central-place foragers after breeding failure; 

however, gulls continued to visit the colony for several weeks. Colony presence after breeding 

failure has been observed previously for Great Black-backed Gulls (Maynard and Ronconi 

2018), as well as other gull (e.g. Herring Gull; Calladine and Harris 1997) and seabird species 

(e.g. Northern Fulmars Fulmarus glacialis; Mallory et al. 2009, Great Skua Stercorarius skua; 

Jakubas et al. 2018, Northern Giant Petrel Macronectus halli; Ganzalez-Solis et al. 2008). 

Similar to our study, Great Skuas and Northern Giant Petrels continue to visit the colony and do 

not change their foraging trip parameters despite breeding failure (Gonzalez-Solis et al. 2008; 

Jakubas et al. 2018). Persistent colony returns have been observed when pairs attempt to relay 

(Good 1998), but relaying was not observed in our study. Continuing to return to the colony may 

also occur when the colony is used as a foraging ground (Burger 1979; Veitch et al. 2016). 

Potential food sources at our study colony include gull eggs and chicks (Burger 1979), Leach’s 

Storm-petrels (Watanuki 1986) and Arctic Terns (Hatch 1970); however, gull or tern eggs and 

chicks were no longer observed after 1 July. Additionally, upon colony visits, individual gulls 

mainly visited respective breeding territories as well as a known roosting beach, but not areas of 

high Leach’s Storm-petrel burrow density or Arctic Tern breeding sites. This suggests that visits 

to the colony were not related to relaying or foraging. Frequent returns to the breeding territory 

after breeding failure suggest advantages to maintaining a presence at and nearby nest sites. As 

Great Black-backed Gulls are territorial seabirds (Tinbergen 1952; Butler and Janes-Butler 

1982), these visits may allow birds to gain more experience with territorial competition (Butler 

and Janes-Butler 1982), displace conspecific intruders (Burger 1980) or increase spatial 

knowledge of the colony and local foraging grounds (Irons 1998; Kazama et al. 2013). 
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Gulls travelled farther from the colony after breeding failure, but only after 7 July, several 

weeks after breeding failure. Longer trips could have been triggered later in the season by the 

limited chance of successful breeding as well as the upcoming migration. Great Black-backed 

Gulls are partial migrants, where northern populations (Nova Scotia, Canada to Greenland) 

winter south of their breeding colonies (Good 1998). Although poorly described, Great Black-

backed Gulls breeding in Newfoundland are thought to undergo a southward and offshore (50-

100 km) dispersal later in August (Good 1998). Juveniles and adults may stay in the 

Newfoundland area during the winter (Huettmann and Diamond 2000), which is corroborated by 

band recoveries of two birds from our study area in St. Johns, Newfoundland during winter 

2017-2018 (unpubl. data). Thus, these longer trips later in the summer could also be related to 

early onset of migratory behaviour or to prospect for other breeding grounds where they may be 

more successful in future years. Additionally, some of the longer trips (>100 km) coincided with 

capelin spawning events, suggesting that they may have been driven by the sudden availability of 

high quality prey (Good 1998).  

In conclusion, these results follow the movement ecology paradigm and foraging theory 

and increase our understanding of the behavioural flexibility of Great Black-backed Gulls during 

environmental and internal change, which is important in light of current predicted climate 

change scenarios. Indeed, I found significant effects of ice presence on habitat use by Great 

Black-backed Gulls. Uncertainties in our interpretations result from our inability to discriminate 

between foraging and roosting behaviour in gulls based on speed (Shamoun-Baranes et al. 2011; 

Rock et al. 2016). As such, I recommend use of tracking devices with onboard accelerometers 

(Bouten et al. 2013) or altimeters (Shamoun-Baranes et al. 2011) to minimize these issues in the 

future. Our results also suggest some advantages in returning to the colony after breeding failure 
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for Great Black-backed Gulls. Future studies clarifying the relationship between movement 

ecology and breeding status will be important to understand mechanisms underlying population 

dynamics, especially in light of current declines in Great Black-backed Gull populations in North 

America (Mackinnon and Kennedy 2014; Anderson et al. 2016). Owing to declining population 

trends (Anderson et al. 2016), a further understanding of environmental conditions that influence 

foraging behaviour and movement ecology of this species in a non-urban environment will 

provide new insights into the role of climate change on these population declines. 
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Chapter 2: Varied seabird responses to experimental fisheries discards under changing 

natural prey availability and feeding flock composition  

Abstract 

Seabirds often feed in mixed-species flocks on natural prey as well as offal discarded from 

fishing vessels. The net energy gain of joining a feeding flock is expected to vary with patch 

quality in a region, species-specific prey capture behaviour and size and composition of the 

flock. On the northeast Newfoundland coast, capelin (Mallotus villosus), a small forage fish, 

migrates inshore to spawn during the summer, resulting in a dramatic shift in coastal prey 

availability. During July-August 2015-2017, I conducted an at-sea experiment to examine the 

responses of procellarid and gull species to fisheries discards under varying natural prey 

(capelin) availability as well as flock size and composition in coastal Newfoundland. The 

experiment consisted of a 10-min experimental period, when supplemental food was provided 

every 30 s, along with 10-min control periods before and after. The species-specific maximum 

number of birds within ~150 m of a boat, the maximum number of birds attempting to capture 

supplemental prey and the sum of successful attempts was recorded. The maximum number of 

birds on the water decreased between low and high capelin availability for all species, except for 

an increase for Northern Fulmars (Fulmarus glacialis). For all species, the number of individuals 

simultaneously attempting to capture supplemental prey increased with the number of 

conspecifics but plateaued between 4-15 individuals attempting. Species-specific number of 

attempts and foraging success were affected by flock size and/or composition for all species, 

except for Herring Gulls (Larus argentatus), the numerically dominant species, suggesting that it 

is the most competitive species. Higher numbers of gulls reduced success of Great Shearwaters 

(Ardenna gravis). Additionally, the success of immature gulls (Larus spp.) decreased with an 

increase in the maximum number of species and the maximum number of procellarids attempting 
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and the success of fulmars increased at high capelin availability. Findings suggest that seabirds 

may rely on other supplementary food sources, such as fisheries discards, when capelin 

availability is limited in coastal Newfoundland, but the extent of this reliance will be moderated 

by the presence and relative abundance of other seabirds.  
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Introduction 

While foraging, a predator will try to maximize its net energy gain by deciding what prey 

to consume as well as how and where to forage (Stephens and Krebs 1986). One important 

decision is whether to feed in a group or solitarily. Individuals can benefit from group foraging 

by finding prey patches more efficiently, for example by cueing to the foraging activities of 

others (‘local enhancement’; Thiebault et al. 2016), as well as increasing prey capture efficiency, 

by causing aggregated prey to become more dispersed and easier to capture (e.g. Gotmark et al. 

1986). When prey become limited within a patch, however, group foraging may result in 

predators competing for food resources, thereby reducing the patch quality (Gotmark et al. 1986, 

Beauchamp 2011). Therefore, group foraging may be beneficial only until the optimal group size 

is exceeded (Gotmark et al. 1986, Beauchamp 2011, Thiebault et al. 2016). Nevertheless, when 

the number of prey patches available in a region are limited and searching costs are high, 

predators may aggregate within a few patches, despite high densities of competitors and reduced 

benefits (Danchin et al. 2012). The degree to which benefits are reduced, however, depends on 

the prey capture behaviour of competitors, whereby particular species may have lower prey 

capture success in the presence of conspecific and heterospecific competitors (Hoffman et al. 

1981, Shealer and Burger 1993, Maniscalco and Ostrand 1997, Garthe and Hüppop 1998, 

González-Zevallos and Yorio 2011). Overall, the net energy gain of joining a feeding group is 

predicted to vary with the quality of the patches in the region (e.g. prey density), as well as the 

diversity and identity of competitors encountered at prey patches.  

Seabirds often feed in mixed-species flocks on natural prey as well as offal discarded at 

sea during fisheries activities (Maniscalco and Ostrand 1997, Garthe and Scherp 2003). Feeding 

in these aggregations in the marine environment, where prey are patchily distributed, can provide 

important benefits for seabirds, including reduced time and energy spent finding prey patches 
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(Hoffman et al. 1981, Camphuysen and Webb 1999, Bairos-Novak et al. 2015) and increased 

prey capture rates due to fish schools being dispersed and disoriented when attacked by many 

individuals simultaneously (Gotmark et al. 1986, Chilton and Sealy 1987, Thiebault et al. 2016). 

The presence of certain species may affect the behaviour and the foraging success of seabirds 

within a flock (Hoffman et al. 1981, Garthe and Hüppop 1998). For instance, diving species of 

the families Alcidae or Procellariidae often attack schooling prey from below and, thus, push 

schools to the surface, making them more accessible to surface-feeding seabirds (Hoffman et al. 

1981, Grover and Olla 1983). In contrast, surface-feeders, such as gulls, often decrease 

availability of prey to other species, primarily by landing on the ocean surface and obstructing 

other surface-feeding species from capturing prey (Hoffman et al. 1981, Chilton and Sealy 1987, 

Maniscalco and Ostrand 1997, Camphuysen and Webb 1999). These species are referred as 

‘suppressors’ (Hoffman et al. 1981), meaning that their arrival within a feeding flock often leads 

to the disruption of the aggregation. When fish offal is discarded at sea, however, benefits from 

prey dispersion are eliminated. Indeed, prey are not aggregated like in natural settings, thus, prey 

capture success is often determined simply by which bird grabs the discarded item first. Under 

these circumstances, the most aggressive species (e.g. suppressors) are often the most successful 

(Furness et al. 1992, Garthe and Hüppop 1998, Cotton 2009). Gulls are often the most abundant 

species present at discard experiments, where unwanted fish are thrown offboard from fishing 

boats or trawlers (Chilton and Sealy 1987, Walter and Becker 1997, Bearhop et al. 2002, Garthe 

and Scherp 2003, Cotton 2009, González-Zevallos and Yorio 2011). Indeed, fisheries discards 

can be an important food source for gulls (Walter and Becker 1997, Stenhouse and Montevecchi 

1999, Sotillo et al. 2014), whereby closures of local fisheries in the Northwest Atlantic were 

followed by declines in gull populations (Chapdelaine and Rail, 1997). 
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In coastal Newfoundland, capelin (Mallotus villosus), a small pelagic forage fish, is an 

important food source for seabirds (Davoren et al. 2012), including gulls (Pierotti and Annett 

1987). Capelin migrates from offshore to coastal regions during the summer to spawn, resulting 

in a dramatic increase in inshore capelin availability (Davoren et al. 2012). This seasonal event 

causes shifts in the diet of several breeding seabird species, including gulls (Pierotti and Annett 

1987, Stenhouse and Montevecchi 1999, Gulka et al. 2017) and alcids (Carscadden et al. 2002, 

Davoren et al. 2012, Gulka et al. 2017). Additionally, the arrival of migrating Great Shearwaters 

(Ardenna gravis) and Sooty Shearwaters (A. grisea) in coastal Newfoundland also corresponds 

with the arrival of capelin inshore (Davoren 2013).  

To examine the responses of procellarid and gull species to fisheries discards under 

varying natural prey (capelin) availability as well as flock size and composition, I conducted an 

at-sea discard experiment. I hypothesize that prey availability and flock composition will affect 

numerical (i.e. presence at experiment) and behavioural responses (i.e. foraging attempts and 

success) of birds to supplemental prey of each species. I predict that seabirds will respond less to 

the supplemental prey when capelin availability shifts from low (i.e. pre- and post-spawning) to 

high (i.e. spawning), owing to an increased number of high-quality prey patches in the region. I 

also predict that the species-specific number of prey capture attempts and successes will increase 

as the number of conspecifics increases, but only until a group size is reached. Finally, given the 

supressing behaviour of gulls, I predict that the presence of gulls will reduce the number of prey 

capture attempts and successes of procellarid during the experiment, while the opposite will not 

be true. 
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Methods 

Experimental design 

The at-sea experiment was performed from July to mid-August during 2015, 2016 and 

2017 on northeast Newfoundland coast. The experiment was conducted near a cluster of deep-

water capelin spawning sites (Fig. 2.1), which represents a multi-year hotspot for many marine 

apex predators (Davoren 2013). Capelin presence and abundance (‘availability’) within the study 

area was evaluated throughout July and August by monitoring known and persistently used 

capelin spawning sites (Penton and Davoren 2012). Deep-water spawning sites (15-40 m) were 

monitored by examining bottom sediment for evidence of spawning on a weekly basis, following 

Crook et al. (2017). Additionally, beach spawning sites were monitored every second day (Fig. 

2.1) for evidence of spawning (e.g., presence of capelin eggs, dead capelin), following methods 

in Crook et al. (2017). Capelin availability was considered ‘high’ when capelin spawning was 

initiated in the study area until capelin spawning had finished, and was considered ‘low’ outside 

of this period. The experimental protocol was approved by the University of Manitoba, Fort 

Garry Campus Animal Care Committee in accordance with the Canadian Council of Animal 

Care. 

Thirteen experimental trials were performed in 2015, fourteen trials in 2016 and fifteen 

trials in 2017, with up to four trials conducted per day. Each trial consisted of three periods: pre-

control, experimental and post-control periods. During the experimental period, similar-sized 

pieces of fish liver (30-40 g; Atlantic Cod, Gadus morhua) were thrown from the same drifting 

experimental platform (i.e. 5 m open boat) every 30 s for a 10-min period. A 10-min control 

period before and after the experimental period was conducted, where no supplemental food was 

provided, resulting in a 30-min trial. A GoPro© Hero4 attached to a pole recorded throughout 

each trial and was angled to ensure an optimal view of birds in the area where the supplemental 
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food was delivered (i.e. 2-5 m from the experimental platform) and the larger experimental area 

(~150 m on starboard side). The location (latitude, longitude) of each trial was recorded and 

varied across trials and dates, except during 2017 were trials remained in a similar location (Fig. 

2.1). In 2015 and 2016, trial location was chosen by finding seabird aggregations within the 

cluster of beach and deep-water spawning sites, whereas in 2017, trial location was fixed within 

this same area to reduce effect of spatial variation among trials.   

 

Figure 2.1. Locations of supplemental food experiments by year (circles) relative to capelin 

spawning sites (diamonds) on the northeast Newfoundland coast.  

Data analysis 

From the recorded videos for each trial, at 30 s intervals I quantified (1) the number of 

birds per species on the water within the experimental area (~150 m from the boat), (2) the 

number of birds per species attempting to capture the prey item (i.e. fly or swim toward the prey 

item) and (3) the species that successfully captured each prey item. Birds were counted only if 
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they could be identified to species. Variation in detection/identification ranges occurred under 

different weather/visibility conditions and, thus, trials with high speed winds (i.e. > 25 km/h) 

were removed from the analysis, as gulls stayed in flight and could not be reliably counted 

within the experimental area. Wind speeds were obtained from Environment Canada 

(climate.weather.gc.ca) at Pools Island Station, NL (49°06'44,000'', 53°34'52,000'').  

Statistical analyses were performed using R version 3.4.4 software (R Core Team 2018) 

with the MASS (Brian et al. 2018) or mgcv (Wood 2018) packages. To evaluate whether seabirds 

were responding to the supplemental food and not experimental platform, a generalized linear 

model with a negative binomial distribution and a log link was used to compare the maximum 

number of birds between the experimental and control periods within trials :  

 

To evaluate whether the response of each species to the supplemental food changed when 

capelin availability shifted from low to high, I used a similar model with the maximum number 

of birds per species during the experimental period only as the response variable. Predictor 

variables for this model were capelin availability (i.e. low and high), species, capelin availability 

and species interaction, trial (i.e. first, second) and year (i.e. 2015-2017) :  

 

The third trial during a day was omitted from this analysis to minimize autocorrelation 

from birds following the experimental platform among trials and because a third trial was not 

performed consistently across each summer. When a predictor was statistically significant (α = 

http://climate.weather.gc.ca/
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0.05), post hoc Tukey tests were used to examine differences among factor levels for predictors 

with >2 factor levels using multcomp package in R (Hothorn et al., 2017).  

To evaluate factors influencing each species attempt to capture supplemental prey items, 

indicated by flying or swimming toward prey item, generalized additive models were developed 

for each species. The response variable was the maximum number of birds of each species within 

a trial simultaneously attempting to capture supplemental prey items. Considering the nature of 

the response variable, I used a negative binomial distribution with a log link (Wood 2006). 

Smoothed predictors included the maximum number of conspecifics on the water, the maximum 

number of procellarids (when modelling for gull species) or gulls (when modelling for 

procellarid species) that were on the water and the maximum number of species present on the 

water (range: 1-6 species), and capelin availability (i.e. low, high) was also included as 

parametric predictors:  

 

To evaluate factors influencing each species success at capturing supplemental prey 

items, generalized additive models with a Gaussian distribution were developed for each species. 

The datasets used for these species-specific models were restricted to experimental periods 

where at least one individual of the focal species attempted to capture a supplemental prey item. 

The response variable was the square-root transformed proportion of successful attempts per 

species within a trial, which was calculated as the number of successful prey captures per species 

divided by the total number of supplemental prey items delivered where at least one individual 

from that species attempted to retrieve the prey item. Smoothed predictors included the 
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maximum number of birds of each species within a trial simultaneously attempting to capture 

prey items, the maximum number of procellarids (when modelling for gull species) or gulls 

(when modelling for procellarid species) within a trial simultaneously attempting to capture prey 

items and the maximum number of species simultaneously attempting to capture prey items (i.e. 

1-6), and capelin availability (i.e. low, high) was also included as a parametric predictor : 

 

For all models, smoothed predictors were smoothed using thin plate regression splines 

and if the estimated degree of freedom (edf) equalled one, suggesting that the relationship is 

linear (Wood, 2006), the predictor was converted to parametric and the model was run again. 

Means and standard errors are further presented as mean ± SE.  

Results 

Species observed regularly during trials across years were Herring Gulls (Larus 

argentatus; HERG), Great Black-backed Gulls (L. marinus; GBBG), Northern Fulmars 

(Fulmarus glacialis; NOFU), Great Shearwaters (GRSH) and Sooty Shearwaters (SOSH; Fig. 

2.2). Considering age can affect foraging behaviour (Burger and Gochfeld 1981, Bertellotti and 

Yorio 2001, González-Zevallos and Yorio 2011, Steenweg et al. 2011, Washburn et al. 2013), 

immature gulls (Larus spp.) were separated into their own category for analyses. Great 

Shearwaters and Northern Fulmars were primarily located near the experimental platform (<2 

m), whereas immature and Herring Gulls were typically located 2-5 m from the experimental 

platform (i.e. where the supplemental prey was thrown). Sooty Shearwaters and Great Black-

backed Gulls usually were located farther away (>5 m). Gulls were the most abundant taxon 
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(>70%), except when there were fewer than ten seabirds present (Fig. 2.2). Occasionally (once or 

twice), other species such as Arctic Terns (Sterna paradisaea), Common Terns (S. hirundo) 

Black-legged Kittiwakes (Rissa tridactyla), Northern Gannets (Morus bassanus), Pomarine 

Jaeger (Stercorarius pomarinus), Manx Shearwater (Puffinus puffinus) and Common Murres 

(Uria aalge) were observed within the experimental area (< 150 m) but they did not attempt to 

capture the supplemental prey items. 

 

Figure 2.2. Proportion of individuals per species by the maximum number of seabirds on the 

water during the experimental period in the study area in Newfoundland. 

The maximum number of seabirds on the water differed between control and 

experimental periods (Likelihood Ratio = 90.5, df = 2, P <0.0001), with the pre-control period 
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having significantly lower numbers relative to both the experimental (P = 0.0006) and post-

control periods (P = 0.001). The number of gulls in the post-control period, however, did not 

differ from the experimental period (P = 0.98). The maximum number of seabirds decreased 

from low to high capelin availability (LR = 39.21, df = 1, P <0.0001), but the interaction 

between capelin availability and species/age was significant (LR = 65.61, df = 5, P <0.0001). 

The lower bird numbers at high relative to low capelin availability was found for every species 

except for Northern Fulmars, which showed the opposite trend (P <0.0001; Fig. 2.3). Other 

important predictors of the maximum of number seabirds at the experiment were trial (LR = 

24.61, df = 1, P <0.0001) and year (LR = 49.11, df = 2, P <0.0001). Post hoc tests revealed that 

2015 and 2016 differed from 2017 in the number of seabirds (P <0.0001), with 2017 being the 

lowest (2.2 ± 0.5 birds) compared to 2016 (5.5 ± 1.1 birds) and 2015 (8.0 ± 1.7 birds). Finally, 

the number of gulls was higher (6.7 ± 1.1 birds) during the second relative to the first trial (3.1 ± 

0.6 birds). 
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Figure 2.3. Mean (± SE) maximum number of birds per species/age, including Great Shearwater 

(GRSH), Northern Fulmar (NOFU), Sooty Shearwater (SOSH), Great Black-backed Gull 

(GBBG), Herring Gull (HERG) and immature gulls (IMM) on the water during the experimental 

period at low (blue) and high (purple) capelin availability in the study area in Newfoundland. 

When Herring Gulls were present, they attempted to capture supplemental prey items 

94.9% of the time prey items were offered, whereas immature gulls attempted 82.7% and Great 

Black-backed Gulls only attempted 38.9% of the time. As for the procellarid species, Northern 

Fulmars attempted to capture supplemental prey items 72.1% of time prey items were offered, 

whereas Great Shearwaters and Sooty Shearwaters attempted 89.0% and 32.7% of the times, 

respectively. The low percentage of attempts (i.e. <50%) by Great Black-backed Gulls and Sooty 

Shearwaters resulted in low sample sizes for the generalized additive models and, thus, both 

species were omitted from the analysis. When examining the maximum number of birds per 

species that simultaneously attempted to capture a supplemental prey item per trial, the 
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maximum number of conspecifics on the water was an important predictor for all species/age 

(Fig. 2.4; Table 2.1). The number of individuals attempting simultaneously increased with the 

number of conspecifics but eventually plateaued despite further increases in the number of 

conspecifics on the water (Fig. 2.4). Herring Gulls plateaued at ~15 individuals attempting 

simultaneously, which was reached when >30 conspecifics were sitting in the water (Fig. 2.4). 

Immature gulls plateaued at ~4 individuals attempting simultaneously when >7 individuals were 

present on the water, Northern Fulmars at ~5 individuals when >9 individuals were present, and 

Great Shearwaters at ~6 individuals when >8 individuals were present (Fig. 2.4). Among the 

species-specific models, no other predictors were significant except for the negative effect of the 

number of procellarids on the number of immature gulls attempting simultaneously (Fig. 2.5). 

Capelin availability also significantly influenced Herring Gull attempts, whereby the number of 

individuals attempting simultaneously to capture supplemental prey items increased at low 

capelin availability (Table 2.1).  
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Figure 2.4. Estimated effect of the maximum number of conspecifics on the water on the 

maximum number of conspecifics that simultaneously attempted to capture a supplemental prey 

item within a trial for Herring Gull (top left), immature gull (top right), Northern Fulmar (bottom 

left) and Great Shearwater (bottom right) in coastal Newfoundland. Grey area represents 95% 

confidence intervals and bars on x-axis represent recorded values for the given predictor. Note 

the different x and y axis scales. 
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Figure 2.5. Estimated effect of the maximum number of procellarids on the water in relation to 

maximum number of immature gulls that simultaneously attempted to capture as supplementary 

prey item within a trial in coastal Newfoundland. Grey area represents 95% confidence intervals 

and bars on x-axis represents recorded values for the predictor. 
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Table 2.1. Generalized additive models with negative binomial distribution of the maximum number of birds simultaneously 

attempting to capture a supplemental prey item within a trial for Herring Gull, immature gull, Northern Fulmar and Great Shearwater 

in coastal Newfoundland. Predictors are the maximum number of conspecifics on the water, maximum number of heterospecifics on 

the water (Procellarids, when modelling for gull species; Gulls, when modelling for procellarid species), capelin availability and 

maximum number of species on the water.  

Models 

Parametric fixed effect Approximate significance of smooth terms 

N 

Variance 

explained   Estimate Std Error Chi.sq P value   edf Ref.df Chi.sq P value 

Herring 

Gull 
Intercept 2.71 0.3 

 

1.05E-15 No. of conspecifics 4.21 5.04 75.8 7.51E-15 

34 88.0% 
No. of Procellarids -0.001 0.01 0.01 0.908 

     Capelin availability -0.34 0.16 4.47 0.035 

     No. species -0.17 0.09 3.46 0.063 

     Immature 

gull 
Intercept 1.57 0.33 

 

2.50E-06 No. of conspecifics 3.54 4.25 15.62 0.004 

28 82.2% No. of Procellarids -0.09 0.04 5.26 0.022 No. species 1.52 1.83 2.96 0.246 

Capelin availability -0.01 0.34 0.03 0.978 

     Northern 

Fulmar 
Intercept 1.61 0.67 

 

0.016 No. of conspecifics 2.46 2.97 26.54 6.89E-06 

23 79.7% Capelin availability -0.33 0.65 0.27 0.605 No. of Gulls 1.241 1.44 0.09 0.824 

No. species -0.18 0.15 1.43 0.232 

     Great 

Shearwater 
Intercept 0.72 0.69 

 

0.299 No. of conspecifics 3.17 3.98 26.61 2.95E-05 

29 90.3% 
No. of Gulls -0.005 0.001 0.79 0.376 

     Capelin availability -0.16 0.3 0.27 0.604 

     
No. species 0.11 0.15 0.54 0.463           



63 
 

 

When examining successful attempts at capturing supplemental prey items, Herring Gulls 

were successful in 68.4% of supplement prey offerings where at least one individual attempted, 

whereas Great Black-backed Gulls were successful in 11.7% of the attempts and immature gulls 

in 32.7% of the attempts. Northern Fulmars were successful for 81.1% of the attempts, whereas 

Great Shearwaters and Sooty Shearwaters were successful in 32.2% and 18.8% of the attempts, 

respectively. The maximum number of conspecifics simultaneously attempting to capture a 

supplemental prey item was an important predictor of the number of successful attempts for all 

species, whereby the number of successes increased with the number of individuals attempting 

(Fig. 2.6; Table 2.2). This relationship for Herring Gulls increased linearly and did not plateau, 

whereas the success of other species eventually plateaued. The success of Northern Fulmars was 

also affected by capelin availability, whereby they had higher success at high capelin availability 

(Table 2.2). Additionally, the success of immature gulls was influenced by the maximum number 

of species and procellarids simultaneously attempting, whereby they had lower success as the 

numbers increased (Fig. 2.8; Table 2.2). Great Shearwaters were the only species that were 

negatively affected by the maximum number of gulls simultaneously attempting to capture 

supplemental prey items (Fig. 2.7; Table 2.2). 
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Figure 2.6. Estimated effect of the maximum number of conspecifics simultaneously attempting 

to capture a supplemental prey item on the number of successful attempts within a trial divided 

by the total number of prey items offered, where at least one individual attempted, for Herring 

Gull (top left), immature gull (top right), Northern Fulmar (bottom left) and Great Shearwater 

(bottom right) in our study area in Newfoundland. Grey area represents 95% confidence intervals 

and bars on x-axis represent recorded values for the predictor. Note the different x and y axis 

scales. 
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Figure 2.7. Estimated effect of the maximum number of gulls simultaneously attempting to 

capture a supplemental prey item on the number of successful attempts of Great Shearwaters 

within a trial divided by the total number of prey offerings, where at least one Great Shearwater 

attempted, in coastal Newfoundland. Grey area represents 95% confidence intervals and bars on 

x-axis represents recorded values for the predictor. 

 

Figure 2.8. Estimated effect of the maximum number of species (left) and maximum number of 

procellarids (right) simultaneously attempting to capture a supplemental prey item on the number 

of successful attempts of immature gulls within a trial divided by the total number of prey 

offerings, where at least one immature gull attempted, in coastal Newfoundland. Grey area 

represents 95% confidence intervals. 
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Table 2.2. Parameters of generalized additive models with Gaussian distribution of square-root transformed number of successful 

attempts within a trial over the total number of throws where at least one individual reacted to the cod liver throw for Herring Gulls, 

immature gulls, Northern Fulmars and Great Shearwaters in our study area in Newfoundland. Predictors are the maximum number of 

conspecifics simultaneously attempting to capture a supplementary prey item, maximum number of heterospecifics (procellarids, 

when modelling for gull species; Gulls, when modelling for procellarid species), simultaneously attempting to capture a prey item, 

capelin availability and the maximum number of species attempting. 

Model 

Parametric fixed effect Approximate significance of smooth terms   Variance 

explained   Estimate Std Error F P value   edf Ref.df F P value N 

Herring 

Gull 
Intercept 0.64 0.11 

 

1.79E-6 No. species 1.89 2.34 1.06 0.40 

34 24.7% 
No. of Procellarids -0.01 0.01 1.05 0.31 

     No. of conspecifics 0.02 0.01 4.68 0.04 

     Capelin availability 0.12 0.10 1.30 0.26 

     Immature 

gull 
Intercept 0.44 0.10 

 

0.0002 No. of conspecifics 2.16 2.64 9.57 0.0009 

27 82.1% No. of Procellarids -0.04 0.01 6.84 0.02 No. species 3.19 3.68 4.51 0.007 

Capelin availability -0.15 0.09 2.82 0.11 

     Northern 

Fulmar 
Intercept 0.93 0.23 

 

0.002 No. of conspecifics 2.24 2.68 3.97 0.04 

18 83.8% Capelin availability 0.43 0.16 7.25 0.021 No. of Gulls 1.55 1.88 1.41 0.21 

No. species -0.15 0.08 3.73 0.08 

     Great 

Shearwater 
Intercept 0.80 0.23 

 

0.002 No. of conspecifics 2.29 2.85 4.16 0.02 

27 47.9% 
No. of Gulls -0.04 0.11 11.04 0.003 

     Capelin availability -0.21 0.15 1.99 0.17 

     
No. species -0.01 0.06 0.01 0.92           
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Discussion 

Seabirds appeared to be primarily responding to the supplemental food, rather than 

simply the experimental platform, as evidenced by higher numbers of birds present during the 

experimental relative to control periods. Seabird responses to the supplemental food varied with 

capelin availability. As predicted, the number of birds near the experimental platform was 

significantly lower at high relative to low capelin availability for most species. As predicted, the 

number of birds simultaneously attempting to capture supplemental prey items increased with the 

number of conspecifics for each species, but only up to a number of individuals. Additionally, 

species-specific capture success per trial was affected by the presence of heterospecific 

competitors for all species, except Herring Gulls. This followed our prediction that the success of 

gulls would not be influenced by the presence of procellarids; however, the success of immature 

gulls was negatively affected by an increase in the number of species and procellarids attempting 

to capture supplemental prey items, suggesting an impact of procellarids as well as adult gulls. I 

also predicted that the success of procellarids would be reduced by the presence of gulls, which 

was the case for Great Shearwater, but not for Northern Fulmars. Overall, species showed 

varying numerical responses and foraging success under shifting natural prey availability as well 

as changing relative abundances and composition of other seabird species throughout our 

experiment.   

The lower number of birds observed during our experiment at high relative to low capelin 

availability suggests that birds dispersed to the presumably higher number of prey patches in the 

region during high capelin availability, possibly to limit competition. This was in contrast to low 

prey availability, when predators aggregated nearby the experimental platform despite high 

densities of competitors. Although the number of seabirds recorded on the water varied among 

years, this likely resulted from different methods used, namely maintaining the same location for 
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trials (in 2017) instead of varying the location based on seabird aggregations (in 2015, 2016). 

Despite this, the influence of capelin availability was the same for most species among years. 

Northern Fulmars, however, showed the opposite trend, whereby numbers were higher at the 

experimental platform during high capelin availability. This may result from the decreased 

numbers or absence of other species at the experimental platform combined with a tendency to 

avoid competition with other species at feeding flocks associated with natural prey (i.e. capelin). 

In support, Northern Fulmars participate less in multi-species feeding flocks associated with 

natural prey (Camphuysen and Webb 1999) and remain closer to boats and, thus, farther from 

other seabird species during fisheries discards (Furness et al. 1992). Fulmars also have lower 

capture success when they are outnumbered by other species (Furness et al. 1992, Garthe and 

Hüppop 1998). Overall, fulmars appeared to minimize competitive interactions with other 

species by foraging in higher numbers when lower densities of other species were present nearby 

the experimental platform.  

The number of individuals attempting to simultaneously capture supplemental prey items 

increased up to a maximum number of conspecifics for all species, suggesting that there is a 

group size beyond which benefits of group foraging are reduced. Indeed, larger conspecific 

flocks reduce foraging success, due to the accumulation of competitors with similar prey capture 

techniques for a single prey item (Gotmark et al. 1986, Shealer and Burger 1993). The group 

size, however, varied among species. For most species, the maximum number of conspecifics 

simultaneously attempting to capture a prey item per trial was 4-6 individuals, whereas the 

number was higher (~15 individuals) for Herring Gulls. This higher group size of Herring Gulls 

may simply be explained by the numerical dominance of this species at the experimental 

platform. The prey capture techniques of Herring Gulls compared to other species, however, 
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might also explain this higher group size. As gulls are surface feeders (Hoffman et al. 1981), 

they have a limited capacity to capture underwater prey relative to diving procellarids (Garthe 

and Furness 2001, Ronconi et al. 2010), making our discarded supplemental prey items more 

valuable to gulls than other species. In support, fisheries discards are known to be an important 

food source for gulls relative to other species (Walter and Becker 1997, Stenhouse and 

Montevecchi 1999, Sotillo et al. 2014). Herring Gulls and other large gulls also are known to 

kleptoparasitize other birds at mixed-species feeding flocks (Garthe and Hüppop 1998, Cotton 

2009, Spencer et al. 2017), and, although this was not observed frequently in this study (3 times), 

this supports the high value of discards to gulls. The number of Herring Gulls simultaneously 

attempting to capture the supplemental prey item also decreased at high capelin availability, 

which could simply result from their reduced abundance nearby the experimental platform, as 

well as reduced motivation to capture the supplement prey items when capelin, another preferred 

prey type (Pierotti and Annett 1987), was highly available. 

The foraging success of all species was influenced by the presence of heterospecific 

competitors, except for Herring Gulls. Indeed, the prey capture success of Herring Gulls showed 

a positive linear relationship with the number of conspecifics attempting capture and no other 

factors significantly influenced foraging success. This suggests that Herring Gulls were the 

dominant competitors, which is supported by their high success rate and numerical dominance 

throughout the experiment. Other studies have found similar relationships, where the success of 

Herring Gulls was primarily determined by the number of conspecifics within feeding flocks 

(Furness et al. 1992, Cotton 2009). However, Herring Gulls may likely show low individual-

level success with increasing numbers of conspecifics attempting prey capture, similar to 

Gotmark et al. (1986), despite increasing success of the species when more are present, as shown 
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here. Despite the presence of a dominant competitor species (i.e. Herring Gulls), less dominant 

species (i.e., immature gulls, procellarid species) were typically present throughout our 

experiment even though their capture success was reduced by the presence of other species. For 

instance, the success of Great Shearwaters was reduced with increasing number of gulls. To 

compete with gulls, different behavioural strategies may be necessary. In fact, procellarid species 

typically remained close (< 2 m) to the boat during our experiment (Carvalho 2018) as well as in 

similar experiments (Furness et al. 1992, Camphuysen and Webb 1999), whereas large gulls 

often stay farther (> 5 m) from the boat during discard experiments and trawler studies and, thus, 

have a greater distance to cover to retrieve discarded prey (Furness et al. 1992, Camphuysen and 

Webb 1999). This strategy may explain why procellarids were sometime successful at capturing 

our experimental discards, even when gulls were numerically dominant. Additionally, high 

capelin availability significantly increased foraging success of Northern Fulmars. As fulmars 

might not rely on capelin (Lilliendahl and Solmundsson 1997), their numerical dominance 

during high capelin availability combined with lower relative abundances of other species likely 

had the most positive influence on fulmar success. Finally, the success of immature gulls was 

reduced with an increase in the number of procellarids and species simultaneously attempting. In 

support, immature gulls are known to be less successful than adult gull when using a 

kleptoparasitic strategy (Steele and Hockey 2010, Sotillo et al. 2014) and to have difficulty 

competing against adult gulls and other species (Greig et al. 1983, González-Zevallos and Yorio 

2011). Additionally, immature gulls, which usually reside with adult gulls (i.e. >5 m from the 

boat), do not appear to be able to compete with adult gulls or procellarids, evidenced by the 

reduced number of immature gulls attempting to capture a prey item when there were a higher 

number of procellarids.    
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Given that Great Black-backed Gulls are the largest gull in the study area, I expected 

them to be more aggressive than the smaller Herring Gulls, as has been shown in other studies 

(Steenweg et al. 2011, Ronconi et al. 2014). Indeed, most studies examining competition 

between these two large gull species showed that Great Black-backed Gulls usually outcompete 

Herring Gulls (Rome and Ellis 2004), unless the latter are numerically dominant (Furness et al. 

1992, Cotton 2009). During our experiment, Great Black-Backed Gulls were never more 

abundant than Herring Gulls, which could explain this lack of dominance. In fact, Great Black-

backed Gulls rarely attempted to capture supplemental prey items and, often remained much 

farther (> 10 m) from the experimental platform. Interestingly, Great Black-backed Gulls do not 

join multi-species flocks as much as Herring Gulls (Walter and Becker 1997, Camphuysen and 

Webb 1999, Cotton 2009). Low abundance during our experiment might also be due to the 

difference in prey availability among studies, which is known to be an important factor dictating 

behaviour and diet of breeding gulls (Shlepr 2017). Newfoundland Great Black-backed Gulls are 

known to forage more at seabird colonies (i.e. eggs and chicks or stolen fish from breeding 

alcids) than Herring Gulls (Regehr and Rodway 1999, Veitch et al. 2016). Therefore, they might 

not rely on fisheries discards to a great extent. Sooty Shearwater was another species that rarely 

attempted to capture supplemental prey items, but was nonetheless present. Unlike other 

procellarids present during our experiment, Sooty Shearwaters rarely stayed close to the boat or 

attempted to retrieve discarded prey items. They likely cued to the foraging activities of other 

birds (Dall et al. 2005, Bairos-Novak et al. 2015) but appeared to avoid direct interactions with 

other species by remaining at a distance and diving to capture prey (Carvalho 2018).   

In conclusion, our findings suggest that many factors affect the numerical responses and 

foraging success of seabirds within mixed-species seabird flocks at fisheries discards. Gulls and 
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most procellarids shifted their foraging behaviour to rely on supplemental food sources when 

capelin availability was limited in coastal Newfoundland, which resulted in differing species 

interactions under varying capelin availability. These findings highlight the importance of 

monitoring local prey availability when studying species interactions during future research on 

mixed-species feeding assemblages of seabirds. Even though not the largest gull present during 

our experiment, Herring Gull prey capture attempts and success were not affected by flock 

composition or relative abundances of other species, suggesting that they were a dominant 

competitor. Although variation in environmental conditions was minimized across experiment 

trials, investigating the effect of environmental variables such as wind speed, wave height and 

light conditions may also influence behaviour associated with prey detection and flock formation 

and, thus, would be an interesting avenue of future research. With climate change and increasing 

fisheries activities, capelin availability and/or timing of spawning may change in the next few 

decades (Gaston et al. 2010). Given the importance of capelin and fisheries discards as food 

sources to Newfoundland seabirds, understanding how seabirds shift their behaviour according to 

changing prey availability and flock characteristics will be critical to predict food web changes 

under varying capelin population sizes in the future.  
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Synthesis Discussion 

 Large gulls, namely Great Black-backed and Herring gulls, have been held responsible 

for significantly lowering breeding performance of some seabird species (Massaro et al. 2000, 

Donehower et al. 2007, Ackerman et al. 2014). Their very flexible behaviour, however, allows 

them to respond quickly to change in the environment, which results in high variation among 

species (Steenweg et al. 2011), colonies (Shlepr 2017), seasons (Arizaga et al. 2013) and 

possibly years. Despite this flexibility, populations of Herring and Great Black-backed gulls in 

North America are declining (Anderson et al. 2016), possibly due to changing prey availability 

with depletion of fish stocks and reductions in fisheries discards. In coastal Newfoundland, 

knowledge on how gulls vary their foraging behaviour at the individual- or population-level in 

response to the changing environmental or internal conditions is lacking. My thesis helps fill this 

gap by providing important and novel information on how the foraging behaviour of Herring and 

Great Black-backed gulls vary with internal and external factors at the individual- and 

population-level. It also provides insights on interactions between large gulls, other seabird 

species and capelin, while presenting more evidence of gull behavioural flexibility during 

changes in environmental and prey conditions within a non-urban environment with low 

anthropogenic-based food resources. 

The goal of Chapter 1 was to investigate the effects of external and internal factors on the 

foraging ecology of Great Black-backed Gulls. Using GPS loggers, I specifically examined the 

influence of an unusual concentration of sea ice and breeding failure on the foraging movement 

patterns and habitat use of Great Black-backed Gulls in coastal Newfoundland. I found that some 

individual gulls altered use of foraging habitats. For instance, some individuals decreased use of 

islands when ice was present versus absent, while increasing use of marine habitat when ice was 

present versus absent, especially areas of <50% ice cover. This suggests that the presence of low 
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percent ice cover in marine habitats may act as important at-sea foraging/roosting sites. One 

individual, however, decreased use of marine habitat which suggests avoidance of ice covered 

areas. I also found that all foraging trip parameters (e.g. distance, duration) were similar between 

ice periods, suggesting that foraging effort did not differ in the presence of ice; however, trip 

parameters differed among individuals. These findings suggest that moderate ice cover might not 

cause Great Black-backed Gulls to increase travelling effort to find suitable foraging habitats. If 

ice cover is high (i.e. >50%) over large areas, however, foraging trip distance and duration might 

increase and eventually result in lower breeding success, as gulls seemed to travel through high 

ice cover (>91%). Additionally, I found that two individuals continually visited the colony 

throughout July and August despite breeding failure, suggesting that there are advantages to 

maintaining a presence at nest sites. As Great Black-backed Gulls are territorial seabirds 

(Tinbergen 1952, Butler and Janes-Butler 1982), these visits may allow birds to gain more 

experience with territorial competition (Butler and Janes-Butler 1982), displace conspecific 

intruders (Burger 1980) or increase spatial knowledge of the colony and local foraging grounds 

(Irons 1998, Kazama et al. 2013). Long-term studies could examine how lifetime reproductive 

success is affected by post-breeding failure behaviour, namely nest site attendance. Given the 

behaviour observed, I predict birds that gain more experience by remaining in the breeding area 

and protecting territory despite absence of offspring will have higher lifetime reproductive 

success.  

In Chapter 2, I conducted an at-sea experiment to examine the responses of procellarid 

and gull species to fisheries discards under varying natural prey (capelin) availability as well as 

flock size and composition in coastal Newfoundland. I found that when capelin availability was 

high, the maximum number of birds on the water decreased for each species, except for an 
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increase for Northern Fulmars. This suggests that many seabird species shift their foraging 

behaviour to rely on other food sources when capelin availability is limited in coastal 

Newfoundland. I also found that flock size and species diversity affected the number of foraging 

attempts and success differently among species. For instance, higher numbers of gulls negatively 

affected the foraging success of Great Shearwaters and the success of immature gulls decreased 

with an increase in the maximum number of species and procellarids. The success of Herring 

Gulls, on the other hand, increased with the number of conspecifics but was not influenced by 

the presence of other species, suggesting that they are a dominant competitor within our 

experiment. For all species, the number of individuals attempting to capture supplemental prey 

increased with the number of conspecifics, but eventually plateaued, possibly suggesting an 

optimal group size for foraging under the conditions of this experiment. This chapter presents 

evidence of the importance of prey availability and flock size and composition on foraging 

behaviour and success of seabird species in coastal Newfoundland. Given the importance of 

capelin as food sources of seabirds in coastal Newfoundland, understanding how seabirds shift 

their behaviour according to changing prey availability and flock characteristics are critical to 

predict how seabirds will respond if the capelin population is overfished. With climate change 

and fisheries activities, capelin availability and/or spawning time may change in the next decade 

(Gaston et al. 2010). A decline in capelin availability could result in higher reliance on fisheries 

discards for both gull and procellarid species, which may lead to higher by-catch during fisheries 

activities. 

As presented in my thesis, gulls respond quickly to environmental change. Therefore, 

monitoring diet and/or foraging behaviour could indicate changes in environmental conditions, 

making them sentinels of future change within the marine environment. Indeed, climate change 
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might affect foraging success through its effect on local environmental conditions. For instance, 

major sea ice events, like that witnessed in 2017, might occur more often with warming of the 

Arctic and affect foraging success and possibly breeding success of gulls, depending on the sea 

ice cover on a local scale. As gulls appeared to shift away from island to marine habitat use 

during ice presence, I might predict reduced predation pressure on breeding seabirds (breeding 

on islands in our study area) during ice presence, but further investigation is necessary to make 

this conclusion. Ocean rise could also reduce availability of gull breeding sites in some regions, 

resulting in immigration in new locations that might not be as suitable for breeding and foraging. 

Warmer ocean could also affect prey availability and induce a bottom-up trophic cascade, which 

will likely influence gull foraging behaviour and diet at the individual- and population-level. 

Change in prey availability could also directly decrease breeding success of gulls, by reducing 

the availability of key prey types. In fact, one possible cause of the North American decline of 

Great Black-backed and Herring gull populations, as well as increased predation pressure by 

gulls on other seabird species, is change in prey availability (e.g. reduction of fisheries discards 

and depletion of fish stocks; Anderson et al., 2016). Thus, investigating the factors affecting 

foraging behaviour increased our understanding of the relationship between foraging behaviour, 

seabird predation, breeding success and gull population decline and, thereby, help conservation 

of both gulls and other seabird species.  

Knowledge gaps remain regarding movement patterns and foraging ecology of large gulls 

in coastal Newfoundland, especially for breeding individuals of both Herring and Great Black-

backed gulls. Future studies clarifying the relationship between movement ecology and breeding 

status will also be important to understand mechanisms underlying population dynamics. 

Additionally, studies comparing foraging behaviour among colonies could provide insights on 
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regional variation and flexibility of behaviour among populations. For example, some 

populations might be predisposed to seabird predation despite high availability of other prey 

types or vice versa. Additionally, uncertainties in our interpretations in Chapter 1 resulted from 

our inability to discriminate between foraging and roosting behaviour using our GPS tracking 

devices. As such, I recommend use of tracking devices with onboard accelerometers (Bouten et 

al. 2013) or altimeters (Shamoun-Baranes et al. 2011) to minimize these issues in the future. I 

would also recommend accounting for individual-level variation when conducting gull studies as 

it could be an important predictor in statistical models. Future studies examining flexibility in 

individual specialization within and among gull species and colonies would help understand 

individual specialization in gulls and quantify its importance within a population under changing 

environmental conditions.  

Additionally, future research on mixed-species assemblage should monitor local prey 

availability. Although variation in environmental conditions was minimized across experiment 

trials, using environmental variables such as wind speed, wave height and light conditions as 

covariates would allow further examination of behaviour associated with prey detection and 

flock formation. Future research could also examine the success of each individual within a 

mixed-species flock (Gotmark et al. 1986). For instance, Herring Gulls may likely show low 

individual-level success, despite an overall high success of the species as presented here, and 

could further quantify the benefits of joining a mixed-species feeding assemblage at low versus 

high capelin availability. Ultimately, combining findings of both chapters could pinpoint the 

effects of other factors on the foraging behaviour of large gulls in coastal Newfoundland during 

the breeding season. Linking internal and external factors to foraging behaviour within mixed-

species seabird flocks or evaluating the effect of prey availability and presence of other species 
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foraging on movement pattern of gulls are examples of future studies that could extend our 

knowledge on gull foraging behaviour. 
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