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ABSTRACT

In recent years, gull control has become closely tied to seabird restoration in the
Gulf of Maine. Herring (Larus argentatus) and Great Black-backed (L. marinus) gulls
are the principal targets of control, yet anecdotal reports suggest that gull predation
remains an important source of egg and chick mortality at many managed seabird
colonies. The main objective of this study was to examine the impact of gull predation
on the reproductive success of several waterbird species nesting at restoration sites in
Maine. Particular emphasis was placed on understanding gull foraging behavior,
identifying foraging constraints, and applying this knowledge to management of gulls and
small seabirds.

Productivity of Common (Sterna hirundo), Arctic (S. paradisaea), and Roseate
(S. dougallii) terns was monitored and daily predation watches were conducted at Eastern
Egg Rock, Maine from 2003-2005. In 2004 and 2005 only, attempts were made to shoot
gulls preying on terns. Shooting failed to eliminate predation, and tern predation risk was
influenced by nest location, but not year. Common and Arctic terns experienced heavy
predation in all years, but Roseate Tern nests were seldom depredated, presumably
because Roseates selected nest-sites with more cover. Great Black-backed Gull predation
was influenced by visibility, tidal state, and year, while Herring Gull predation depended
only on the stage of the tern breeding cycle. There was little evidence that gulls preyed
selectively on unfit chicks. The limitations of shooting are discussed and non-lethal
alternatives suggested.

Common Eider (Somateria mollissima dresseri) nest (hatching) success, habitat

use, and duckling survival were studied at Stratton Island, Maine in 2004-2005. Eiders
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nested in a variety of habitats offering vegetative cover and enjoyed high nest success.
Duckling survival was negligible however, because of opportunistic, group attacks by
Great Black-backed Gulls. Glossy Ibis (Plegadis falcinellus) also appeared to suffer
heavy gull predation, with adults occasionally attacked in flight. In 2006, guil
displacement walks, gull nest/egg destruction, and occasional shooting were used on a

trial basis and may enhance future eider production.
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RESUME

Au cours des derniéres années, la restauration des oiseaux marins dans le golfe du
Maine est devenue en quelque sorte synonyme de lutte contre les goélands. Des mesures
ont été prises principalement a I’encontre du Goéland argenté (Larus argentatus) et du
Goéland marin (L. marinus). Malgré les efforts de control, des rapports isolés indiquent
que la prédation du goéland demeure une importante cause de mortalité des ceufs et des
oisillons, dans de nombreuses colonies d’oiseaux marins protégées. La présente étude a
pour principal objectif d’examiner les conséquences de la prédation du goéland sur le
succes de reproduction de plusieurs espéces d’oiseaux marins qui choisissent, comme lieu
de nidification, les sites de restauration du Maine. L’étude tente principalement de
comprendre le comportement ravageur du goéland, de déterminer les limites de ce
comportement et d’appliquer le savoir acquis dans la gestion des goélands et des petits
oiseaux marins.

Entre 2003 et 2005, on a procédé au suivi de la productivité de la Sterne
pierregarin (Sterna hirundo), de la Sterne arctique (S. paradisaea) et de la Sterne de
Dougall (S. dougallii) par une surveillance quotidienne a Eastern Egg Rock, dans le
Maine. En 2004 et en 2005 uniquement, on a tenté d’abattre les goélands qui
s’attaquaient aux sternes. Cette tentative n’a pas permis de venir a bout de la prédation et
on a constaté que le risque de prédation couru par les sternes dépendait de I’emplacement
des nids et non de I’année. Les sternes pierragarin et arctiques étaient souvent la proie
d’une importante prédation au fil des années, alors que les nids des Sternes de Dougall
étaient rarement attaqués, probablement parce que ces derniéres choisissaient des

emplacements mieux camouflés pour construire leur nid. Selon les observations, la



prédation du Goéland marin variait selon la visibilité, I’état de la marée et I’année alors
que chez le Goéland argenté, ce phénomene dépendait uniquement du stade du cycle de
reproduction des sternes. Peu d’éléments attestaient que les goélands s’attaquaient
consciemment aux oisillons faibles. L’étude décrit les limites de 1’abattage et les options
non fatales suggérées.

On a étudi€ le succes d’éclosion, I’utilisation de I’habitat et la survie des oisillons
chez I’Eider a duvet (Somateria mollissima dresseri), a Stratton Island, dans le Maine, en
2004-2005. Les eiders construisaient leurs nids dans une variété d habitats offrant une
couverture végétale. On relevait donc chez eux un succés d’éclosion élevé. La survie
des canetons était toutefois négligeable en raison d’attaques opportunistes groupées
perpétrées par des Goélands marins. L’Ibis falcinelle (Plegadis falcinellus) semblait
également faire I’objet d’une importante prédation du goéland; les adultes étant parfois
attaqués en vol. En 2006, on a eu recours aux méthodes de perturbation, a la destruction
de nids et d’ceufs et, a I’occasion, a I’abattage de goélands afin de procéder a des essais

qui entraineront peut-étre I’accroissement de la production des eiders a I’avenir.
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PREFACE

This thesis consists of eight chapters. Since it is manuscript-based, scientific
names and literature cited are provided independently for each section. For consistency,
the style of Waterbirds was used throughout. The first chapter is a literature review and
project overview (Chapter 1: General Introduction). Chapters 2-7 address my main
study objectives. In Chapter 2, I quantify tern nest losses to gulls from 2003-2005 at
Eastern Egg Rock and evaluate the effectiveness of shooting predatory gulls to enhance
tern productivity (Chapter 2. Effects of Gull Predation and Predator Control on Tern
Nesting Success at Fastern Egg Rock, Maine). Following this chapter, I describe a novel
color-marking technique developed to track and monitor individual predatory gulls
(Chapter 3: A Method for Color-marking Birds at Resting Sites) and consider the
evidence in support of the ‘doomed surplus’ hypothesis (Chapter 4. Gull Predation and
Tern Chick Survival: A Test of the ‘Doomed Surplus’ Hypothesis). In Chapter 5, |
identify gull predation upon ducklings as the main factor limiting Common Eider
productivity at Stratton Island in 2004-2005 and recommend ways to reduce its impact
(Chapter 5: Gull Predation and Breeding Success of Common Eiders on Stratton Island,
Maine). 1investigate eider nesting habitat use (Chapter 6. Anti-Predator Nest-Site
Selection by Common Eiders on Stratton Island, Maine) and describe the use of
surveillance cameras to further document and assess gull predation rates (Chapter 7:
Using Surveillance Cameras to Quantify Gull Harassment of Common Eider Créches). 1
summarize my overall conclusions, suggest areas in need of further research, and
describe my contributions to knowledge in Chapter 8 (Chapter 8: Summary and

Conclusions).
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Additional information is provided in six appendices. In Appendix I, I report the
first record of aerial pursuit and capture of adult Glossy Ibis (Plegadis falcinellus), a
medium-sized wading bird, by Great Black-backed Gulls and suggest that gull predation
may be a serious demographic factor for the ibis colony at Stratton Island (Appendix I
Likely Predation of Adult Glossy Ibis by Great Black-backed Gulls). Although
examination of the gull-ibis relationship was not a specific study objective, it seemed a
logical step to describe additional gull activity, particularly novel behavior, obtained
incidentally during gull-eider observations. In Appendix II, I provide an update on eider
duckling survival in 2006, following implementation of several new gull control
measures (Appendix 1I: Using Gull Control to Enhance Common Eider Duckling Survival
at a Maine Colony: Preliminary Findings). In Appendix III, I report on the hunting
returns generated from my Common Eider banding efforts in 2004-2005 (Appendix I11:
Hunting Recoveries of Common Eiders Breeding on Stratton Island, Maine). While not
the focus of this study, hunting mortality is a critically important conservation and
management issue for the region’s eiders, and I felt that even the brief attention paid to
this topic meaningful, as it sheds light on specific wintering locations used by Stratton
Island’s hens and provides some indication of hunting pressure. In Appendix IV, I
supply a CD featuring gull-eider and gull-ibis predation footage filmed on Stratton
Island, Maine in 2005 (dppendix IV: Predation CD). This video corroborates
observations described in this thesis and offers several illustrative examples of gull
attacks that are best viewed, rather than described in words. Appendix V provides

required animal use protocols for studies involving animal subjects. Appendix VI

XXVi



contains letters granting permission to include published papers in this thesis and signed

watvers by co-authors.
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CHAPTER 1: GENERAL INTRODUCTION



PREDATION AND LIMITATION OF BIRD POPULATIONS

Understanding how environmental factors affect population growth is a
fundamental goal of population ecology (Murdoch 1994). In the absence of
environmental resistance, nearly all populations grow exponentially. Under most natural
conditions, population growth is limited by biotic and abiotic factors, such as food,
breeding space, competition, predation, and disease. These external factors affect births,
deaths, immigration, and emigration, and ultimately determine population size. While
ecologists have long debated the role of density-dependent versus density-independent
factors in population limitation (e.g., Nicholson 1933, 1954; Andrewartha and Birch
1954), the general consensus is that some combination of these factors is usually
important (Hixon et al. 2002; Vandermeer and Goldberg 2003). In practice, the aim of
most conservation and management plans is to achieve an increase in population size of
some particular species. Thus, knowledge of limiting factors is critical, since it is these
constraints that must be overcome to bring about the desired change (Newton 1994a,
1998).

Many theoretical and empirical studies have focused on limiting factors in birds.
Food supply, territorial space, nest sites, predation, parasitism, weather, and human
activities (e.g., hunting, pollution, habitat destruction) can all have major impacts on
avian survival and recruitment (reviewed in Lack 1967; Martin 1987, 1992; Newton
1993; Burger and Gochfeld 1994; Newton 1994a, 1994b, 1998). Of all the potential
limiting factors important to birds, predation is perhaps the least understood.

While there is no question that predation is the primary cause of nest failure in

many species (Nice 1957; Ricklefs 1969; O’Connor 1991; Martin 1992), the role of



predation in avian population regulation remains controversial. The debate is polarized
by views of compensatory versus additive prey mortality (Newton 1993). On one side is
the ‘doomed surplus’ hypothesis (Errington 1946, 1967), which states that predators take
only those individuals that would die anyway from other causes and so have no effect on
prey population sizes. On the other side is the idea that predators severely reduce prey
numbers, even driving them to extinction.

Much of the controversy stems from the poor design of most predation studies to
date and the difficulty in assessing causes of mortality in bird populations. Most predator
removal/exclusion experiments have taken a reactive, management-based approach and
have been plagued by inadequate controls, short duration, small scale, and inappropriate
analyses (Sih et al. 1985; Co6té and Sutherland 1997; Keedwell et al. 2002). Many have
relied upon artificial nests to estimate predation rates and/or failed to account for
observer effects, casting doubt on any relevance to natural conditions (Gotmark 1992;
Major and Kendal 1996; King et al. 1999; Rangen et al. 2000; Part and Wretenberg 2002;
Zanette 2002; Berry and Lill 2003; Mezquida and Marone 2003; Moore and Robinson
2004; Thompson and Burhans 2004).

The situation is further complicated by the reality that multiple limiting factors
usually account for a given population size (Newton 1993, 1994a, 1998). Because these
factors can interact, separating the role of predation from other variables is problematic.
Newton (1994a) explained that “a bird weakened by food-shortage may succumb to
disease, but just before death it may fall victim to a predator. For this bird, food-shortage
is the underlying (ultimate) cause of death, while disease or predation is the immediate

(proximate) cause.” Clearly, the impact of predation cannot be determined simply by



counting the number of animals or nests depredated (Errington 1934, 1946 in Newton

1993).

PREDATOR-PREY DYNAMICS

A long-contested question in ecology is what enables predators and prey to co-
exist in nature (Taylor 1984; Abrams 2000). Some prey populations continue to grow in
the face of heavy predation pressure, while others are driven to extinction. Ricklefs
(2001) identified five factors that tend to stabilize predator-prey systems: 1) predator
inefficiency, 2) density-dependent regulation of predators or prey by factors other than
predation, 3) availability of alternative food sources for the predator, 4) refuges for prey
at low densities, and 5) rapid response of predators to changes in prey abundance. Thus,
predator-prey dynamics can be viewed in terms of the following components: predators,
prey, the environment, and interactions among all of these factors (Schmidt 1999).
Unfortunately, most studies of predation in birds have focused only on prey attributes,

ignoring that predation is an interactive process (Schmidt 1999; Lima 2002).

Predator Foraging Behavior

Ecologists often use optimality models to predict predator behavior (Krebs 1978;
Krebs and McCleery 1984; Stephens and Krebs 1986). When foraging, predators must
‘decide’ which prey items to eat, where to seek food, how long to remain in a particular
area, and which search paths to follow (Pyke et al. 1977; Krebs 1978). Optimal foraging
theory predicts that animals should feed in the most efficient way possible. Natural

selection 1s expected to favor efficient foraging behavior, since animals that feed



efficiently presumably enjoy greater fitness (Lemon and Barth 1992). Optimality models
select amongst competing behaviors by choosing the strategy that best maximizes some
behavioral ‘currency’ (typically net energy gain), as this is more easily measured than
fitness (Turner 1982; Pyke 1984).

Optimal diet (also called dietary breadth) models were one of the earliest
applications of foraging theory (e.g., Emlen 1966; MacArthur and Pianka 1966; Rapport
1971; Schoener 1971; Marten 1973; Pulliam 1974; Werner and Hall 1974; Westoby
1974; Charnov 1976). These simple models remain popular today and assume that
predators spend their time in two principal activities: searching for and handling
(capturing, killing, consuming, and digesting) prey. Upon encountering a prey item, a
predator must decide whether to pursue and consume it, or reject it. Encounter rates and
profitability (energy yield/handling time) influence prey selection and lead to predictions
that “predators should: 1) prefer more profitable prey, 2) be more selective when
profitable prey are more common, and 3) ignore unprofitable prey that are outside the
optimal set regardless of how common they are” (Krebs 1978).

Prey density is thought to be one of the most important factors governing predator
behavior. Predators can respond to variations in prey density by adjusting their feeding
rates or numbers (Solomon 1949; Holling 1965), with important consequences for prey
persistence (Seitz ef al. 2001). The functional response describes how individual
predators increase their intake of a particular prey species as the numbers of those prey
increase. The numerical response describes how predator numbers increase, either
through immigration or reproduction, following an increase in prey numbers. Both

responses can lead to heavier predation at high prey densities compared to low densities



but are ultimately bounded by factors such as handling time, satiation, and territoriality
(Taylor 1984; Newton 1998).

While foraging theory provides a useful framework for examining the interaction
between a predator and its prey, the approach has been widely criticized for its
simplification of natural systems (e.g., Schluter 1981) and tautological reasoning (e.g.,
Ollason 1980; Pierce and Ollason 1987). Laboratory studies and simple predator-prey
systems often support the predictions of optimal foraging theory (Pyke et al. 1977), but
many field studies have documented ‘suboptimal’ foraging (reviewed in Pyke 1984).
Differences between observed and predicted behaviors are often reconciled by
considering constraints other than foraging efficiency. Factors such as nutrients
(Belovsky 1978; Thompson et al. 1987), risk of injury (Stein 1977; Pettifor 1990;
Gilchrist et al. 1998) or predation (Sih 1980), hunger (Richards 1983), weather
conditions (Gilchrist and Gaston 1997; Gilchrist et al. 1998), and the ability to recognize
profitable prey (Hughes 1979; Rechten ef al. 1983) can compromise foraging efficiency.

Another consideration generally ignored by optimal diet models is that natural
prey assemblages are diverse, consisting of multiple species, different size or age classes,
and unique individuals (Mittelbach and Osenberg 1994). Prey attributes such as density
or size are often controlled in simple experiments (Pyke et al. 1977), but subtler traits
(e.g., age, sex, parasite load, morphological or behavioral abnormalities) are seldom
considered (Sutherland 1996). Under natural conditions, individual variation can
influence the attractiveness and vulnerability of prey to predators (Kenward 1978;

Temple 1987; Hunt et al. 1992; Sutherland 1996).



Anti-predator Defenses and the Concept of the Refuge

Lotka (1925) and Volterra (1926) are renowned for developing one of the first
mathematical models of a predator-prey interaction. Using differential equations, they
discovered the potential for predator-prey populations to cycle in the absence of any
external influences. While numerous attempts have been made to recreate predator-prey
oscillations in a laboratory setting, few have been successful and most have led to rapid
extinction of predator or prey (Taylor 1984). In order to maintain cycles, researchers
have usually had to make some proportion of the prey invulnerable to predators by
providing a ‘refuge’ (Gause 1934, 1935; Huffaker 1958; Huffaker et al. 1963). In nature,
prey animals depend on refuges and a variety of morphological, chemical, and behavioral
defenses (Taylor 1984; Endler 1986; Sih et al. 1988; Ricklefs 2001). Size, numbers,
space, and time can all serve as refuges (Molles 1999). Crypticity, physical attack, and
possession of spines, armor, or toxins are among the defenses that can reduce prey

profitability (Endler 1986; Burger and Gochfeld 1994).

PUBLIC ATTITUDES TOWARD PREDATORS
Historically, Western society has placed little value on predators and the role of
predation in natural communities (McCabe and Kozicky 1972; Peek 1986; Bolen and
Robinson 2003). In Europe, predators have long been regarded as vermin to be
eradicated (Williams 1999). They have been portrayed as villains in classic folktales,
associated with evil and superstition, and generally maligned for taking game birds and
livestock (Peek 1986; Bolen and Robinson 2003). In North America, as in Europe,

public attitudes toward predators can be traced to a traditional world-view characterized



by human separation from, and domination of, nature (Pierotti and Wildcat 2000). Given
this belief system, it is not surprising that many Western countries have long histories of

human-animal conflict and predator control.

History of Predator Control in the United States

In the United States, predators were persecuted relentlessly for nearly three
centuries following European colonization (Williams 1999; Bolen and Robinson 2003).
Large carnivores were the principal targets and were hunted to near-extinction.
Ironically, many of the nation’s first conservationists advocated complete eradication of
all predatory species. William Hornaday proclaimed in Our Vanishing Wild Life (1913)
that:

(...) Man, the arch destroyer and the most predatory and merciless of all animal

species except the wolves, has rendered a great service to all the birds that live or

nest upon the ground. His relentless pursuit and destruction of the savage-

tempered, strong-jawed fur-bearing animals is in part the salvation of the ground

birds of today and yesterday. (73)
Hornaday also supported extermination of birds of prey. Predator control peaked in the
1920s, with government-sponsored bounties and poisoning/trapping campaigns aimed at
any species deemed a real or imagined threat to human health or livelihood (Williams
1999).

American attitudes toward predators have changed considerably since the early
1900s, but predator control remains a politically charged issue (Kellert 1985). Predators

are now recognized as integral components of ecosystems, and most are protected by law



(Messmer et al. 1999; Williams 1999). Restoration and reintroduction programs are
underway for some species like the Gray Wolf (Canis lupus) and Black-footed Ferret
(Mustela nigripes), though such efforts are not always welcomed by local communities

(Kellert 1985; Bath and Buchanan 1989; Reading and Kellert 1993; Lohr et al. 1996).

Predator Control for Avian Conservation

In an age of declining bird populations and shrinking natural habitats, control of
both native and introduced predators is increasingly implemented for conservation of rare
and endangered species (Beggs and Wilson 1991; Moors et al. 1992; Coté and Sutherland
1997; Veitch and Clout 2002). Conservation-oriented predator control efforts are not
without opposition, however (Messmer et al. 1999). Traditional methods of control (e.g.,
poisoning, trapping, shooting) are generally lethal, inexpensive, and unselective. As
public awareness of the role of predators in ecosystem function continues to grow and
pressures mount from animal rights groups, governments and management agencies must
increasingly rely upon non-lethal techniques to eliminate native and introduced predators
from unwanted areas (Decker and Brown 1987; Gentile 1987; Reiter et al. 1999). These
include mechanical exclusion (Blokpoel et al. 1997), aversive conditioning (Avery et al.
1995), harassment (Blokpoel and Tessier 1986; Ickes et al. 1998), habitat modification
(Carter and Bright 2002), and supplemental feeding of predators to reduce depredation of
the target species (Crabtree and Wolfe 1988; Greenwood et al. 1998; Redpath et al.
2001).

Predator control programs have also been heavily criticized by those within the

fields of wildlife management and conservation for inadequate monitoring, poor design,



and questionable justification (Newton 1994a; C6té and Sutherland 1997; Keedwell et al.
2002). While removing predators often improves hatching success (Newton 1994a; Coté
and Sutherland 1997), it does not always increase breeding bird numbers. In their meta-
analysis of 20 studies, C6té and Sutherland (1997) found no significant effect of predator
removal on breeding population sizes. They suggested several explanations for this
result: 1) predator removal is difficult, and few, if any, studies were able to eliminate all
target predators, 2) other predatory species may have filled the “empty niche” left by
removed predators, 3) populations were limited by factors other than predation, and 4)
bird numbers actually increased but monitoring was insufficient to detect the change. In
a similar review, Newton (1994a) found that breeding bird density increased in only six
of 11 predator removal studies. For species subjected to autumn hunting, a predator
control program that improves hatching success (and so increases post-breeding numbers)

is often desirable, even if breeding numbers are not increased (Newton 1993, 1998).

PREDATION AND AVIAN LIFE HISTORY TRAITS
Predation is widely recognized as a major selective force in the evolution of avian
life history traits and is thought to have shaped many aspects of reproductive behavior
(Martin 1992, 1993a, 1993b; Burger and Gochfeld 1994; Martin 1995). Many birds
avoid nesting in areas where predators are found or select microhabitats that reduce
detection or access by predators (Martin 1993b; Burger and Gochfeld 1994). Nest
predation has been implicated in the evolution of clutch size, number of broods, duration

of nestling period, nest-site selection, timing of breeding, and coloniality (Skutch 1949;

10



Ricklefs 1969; Slagsvold 1982, 1984; Skutch 1985; Wittenberger and Hunt 1985; Lima

1987; Martin 1992, 1995).

Introduced vs. Native Predators

When discussing the impact of predation on prey populations, it is important to
distinguish between introduced and native predators (Burger and Gochfeld 1994).
Introductions of vertebrate predators, such as cats (Felis catus), rats (Rattus spp.), snakes
(e.g., Brown Tree Snake Boiga irregularis), and mustelids (Mustela spp.), to oceanic
islands provide a dramatic illustration of the devastating effects of predation on so-called
“naive” prey (Moors and Atkinson 1984; Atkinson 1985; Savidge 1987; Burger and
Gochfeld 1994). Birds that evolved in the absence of predators often lack appropriate
defenses and may be unable to adapt to recent conditions. Birdlife International (2004)
reported that introduced species contributed to the decline of 65 of the approximately 129
species of birds to go extinct since 1500; predation by rats and cats was particularly
destructive and was implicated in the extinction of 30 and 20 species, respectively.

While evidence that introduced predators can threaten, even exterminate, some
bird populations is unequivocal, the vast literature on native predators and their avian
prey is more difficult to interpret. Nest predation commonly accounts for up to 80% of
all nest failures (Martin 1992) but is seldom identified as the main cause of bird declines.
Some form of habitat loss or modification is usually perceived as the underlying cause of
bird declines, “with predation acting as a secondary, exacerbating factor” (C6té and
Sutherland 1997). Human land use and activities can drastically alter predator abundance

and composition, favoring adaptable, generalist species and human commensals such as
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rats, gulls (Larus spp.), crows (Corvus brachyrhynchos), raccoons (Procyon lotor), and
foxes (e.g., Vulpes vulpes) (Burger and Gochfeld 1994; Greenwood et al. 1995; Coté and

Sutherland 1997).

Seabirds and Anti-predator Adaptations

Predation is thought to be a particularly important selective pressure for seabirds
(Burger and Gochfeld 1994). Many species breed in large colonies on remote islands.
The possible anti-predator benefits of island-nesting, coloniality, cooperative defense,
mixed-species nesting associations, and breeding synchrony have long captured the
attention of ornithologists (e.g., Darling 1938; Lack 1968; Wittenberger and Hunt 1985;
Young and Titman 1986). Cryptic coloration of eggs and young (Tinbergen et al. 1967),
removal of eggshell remains by parents following hatching (Tinbergen et al. 1962),
nocturnality (McNeil ez al. 1993), and near-constant nest attendance (Milne 1976;
Korschgen 1977) are also thought to serve anti-predator functions.

The evolution of group-living in many animals has been attributed, in part, to
increased protection from predators (Alexander 1974; Bertram 1978). Seabirds provide
an extreme example of high-density breeding aggregations, with 98% of species nesting
colonially (Wittenburger and Hunt 1985). Suggested anti-predator benefits to individuals
living in groups include enhanced vigilance, cooperative defense, and predator swamping
or confusion (reviewed in Bertram 1978; Wittenberger and Hunt 1985). However, high-
density aggregations are far more conspicuous than solitary animals and may serve to
attract predators rather than deter them (Wittenburger and Hunt 1985; Clode 1993).

Other factors, such as information exchange, similar habitat or resource requirements,

12



and sexual selection, may also explain colony formation (reviewed in Wittenberger and
Hunt 1985; Siegel-Causey and Kharitonov 1990; Danchin and Wagner 1997).

Nest-site selection can have important consequences for avian reproductive
performance and may directly influence predation risk (Martin 1993b; Badyaev 1995;
Regehr et al. 1998). Most seabird colonies are located on islands without mammalian
predators. On the mainland, cliffs, rooftops, tall trees, and other inaccessible sites may be
used. Some species nest in burrows or rock crevices. While colony location and
topography are important, nest placement within the colony, breeding density, and nest
microhabitat (e.g., percent cover, vegetation height) can also affect vulnerability to
predators (Burger and Gochfeld 1994). Some studies have documented ‘edge effects’
within seabird colonies, or higher predation on peripheral than central nests (e.g.,
Coulson 1968 but see Burger and Lesser 1978; Brunton 1997). Predators may select
edge nests because they are the first encountered or because cooperative defense is
reduced at edges (Brunton 1997).

Mobbing behavior is well-developed in many colonial seabirds, particularly larids
(Kruuk 1964; Burger and Gochfeld 1991). Hovering above, dive-bombing, striking, and
defecating upon predators may create confusion or threaten predators with injury. The
effectiveness of collective defense can depend on nesting density and/or colony size, such
that small or declining seabird colonies suffer undue predation (Gilchrist 1999).

For species without any active defense of their own, nesting in association with an
aggressive species could be advantageous. Red-breasted Mergansers (Mergus serrator),
Common Eiders (Somateria mollissima), and other waterfowl commonly breed amongst

Sterna terns and Larus gulls (Evans 1970; Bourget 1973; Young and Titman 1986).
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Whether the benefits of such mixed-species nesting associations outweigh the costs (e.g.,
gull predation upon ducklings) remains unclear (Dwernychuk and Boag 1972).

Many seabirds initiate nests and hatch young synchronously (Lack 1968).
Synchronized breeding may increase an individual nest’s chances of survival through
predator swamping (Darling 1938) or reduced detection (‘selfish herd’ effect, Hamilton
1971). If the number of predators in a seabird colony remains constant, predators will be
able to consume only a fixed amount of prey before satiation. Thus, the majority of eggs
or young will escape predation. For example, Nisbet (1975) found that Great-Horned
Owls (Bubo virginianus) feeding in a Common Tern (Sterna hirundo) colony in
Massachusetts took a near-constant amount of chick biomass each day, despite a
hundred-fold increase in biomass available.

Seabirds face a taxonomically diverse array of predators, including invertebrates,
fish, reptiles, mammals, and birds (reviewed in Burger and Gochfeld 1994). For island-
nesting species, gulls and other birds are usually the principal predators, presumably
because they can reach remote nesting areas (Burger and Gochfeld 1991, 1994). Some

gulls even nest in association with their seabird prey (e.g., Young and Titman 1986).

ADAPTIVE MANAGEMENT
Conservation is widely recognized as a “crisis’ discipline (Soulé 1985). Many
current and past management decisions have been based on reactions (Wilhere 2002;
Aldridge ef al. 2004). Policies have been implemented quickly and without adequate

testing. Deficient monitoring, lack of experimental controls, and disregard for statistical
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design are common problems, making it difficult to judge the success or failure of a
specific action (MacNab 1983; Hurlbert 1984; Wilhere 2002).

Adaptive management offers a possible solution to these problems. The approach
acknowledges the complexity and unpredictability of ecosystems and seeks to reduce
uncertainties through learning (Walters 1986). Coordination of research and
management is encouraged, so that management actions are treated as experiments, and
ecological assumptions are viewed as hypotheses instead of facts (MacNab 1983; Lancia
et al. 1996). Experimentation is seen as the best way to reduce uncertainties, implying
that increased knowledge will lead to more effective management (Williams and Johnson
1995).

An adaptive management perspective would benefit many predator control
programs implemented for conservation purposes. To ensure that funds and resources are
used wisely, and to determine if additional or alternative actions are needed to prevent
further decline or extinction of the target species, control programs should be
accompanied by measures to evaluate effectiveness (Coté and Sutherland 1997). Since
effective predator management is unlikely without a thorough understanding of the
predator-prey relationship, basic research aimed at illuminating these dynamics should be

a priority for any control program.

STUDY AIMS AND SIGNIFICANCE: GULL CONTROL AND SEABIRD RESTORATION
Most gull and seabird populations in the Gulf of Maine faced near-extinction by
the late 19™ Century, primarily due to human persecution for feathers, meat, and eggs

(reviewed in Drury 1973; Nisbet 1973; Drury1974; Anderson and Devlin 1999).
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Following legal protection spurred by public outcry to the millinery trade (particularly the
Migratory Bird Treaty Act of 1918), many populations rebounded (Drury 1973; Nisbet
1973; Drury 1974; Williams 1999). Herring (Larus argentatus) and Great Black-backed
(L. marinus) gulls showed some of the most dramatic recoveries, even exceeding
historical numbers, because of abundant anthropogenic food sources and range
expansions (reviewed in Drury 1973, 1974; Pierotti and Good 1994; Good 1998). By the
mid-1900s, it was clear that gulls were continuing to increase at the expense of many
other species. Large gulls are territorial and are typically first to arrive at the breeding
grounds, often displacing small seabirds from preferred nesting areas (Nisbet 1973; Kress
1998). Some gulls also prey on seabird eggs, chicks, and adults, making gull predation a
probable limiting factor at some sites (Hatch 1970; Spear 1993; Becker 1995; Whittam
and Leonard 1999; Guillemette and Brousseau 2001; O’Connell and Beck 2003).

In the 1970s and 1980s, managers used a combination of gull control,
translocation and captive-rearing, and social attraction (decoys and audio lures)
techniques to successfully restore several colonies of terns (Sterna spp.), Atlantic Puffins
(Fratercula arctica), and other small seabirds on the Maine coast (Kress 1983; Kress and
Nettleship 1988; Kress 1998; Anderson and Devlin 1999). Initially, breeding gulls were
removed through large-scale shooting and poisoning programs. Thereafter, gull nest
destruction, harassment/shooting of territorial and predatory individuals, and
establishment of seasonal research camps were used. The latter methods are still
practiced at most managed tern colonies today (Kress and Hall 2002; GOMSWG 2005).

Despite intensive gull management and the general perception that gull predation

is the leading cause of nest failure and chick mortality at many sites, surprisingly little
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study has been devoted to gull-seabird interactions in the Gulf of Maine. In this thesis, I
used an adaptive management approach to examine the relationship between predatory
gulls and their seabird prey (Fig. 1). My overall objectives were: 1) to assess the impact
of gull predation on the reproductive success of several waterbird species nesting at
restoration sites in Maine, 2) to identify factors affecting gull predation rates, 3) to
evaluate the effectiveness of current gull control practices and to suggest alternatives, if
necessary, and ultimately, 4) to provide management recommendations for gulls and
small seabirds based on predator behavior and ecology. I focused specifically on gull-
tern interactions at Eastern Egg Rock, Muscongus Bay, Maine and gull-eider interactions
at Stratton Island, Saco Bay, Maine. Both islands support mixed-species seabird colonies

with varying levels of gull control.
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Do gulls prey on target seabirds?
Is this the primary cause of nest
failure or chick mortality ?

[ Which speciesfage classes

are the principal predators? What improvements
\ Can be made?
Testing assumptions Learning Adaptation

Should alternatives
Are predator control What factors affect be etrployed?

technigues justified? predation rates?
Are they effective at
reducing predation?

Figure 1. Schematic depicting an adaptive management approach, a process of testing assumptions, learning, and adaptation,

to understanding the gull-seabird relationship at restoration sites in Maine.
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CONNECTING STATEMENT 1

Any predator control program should be periodically evaluated to assess its
effectiveness at achieving desired conservation goals. This way, limited resources can be
used wisely, and if necessary, re-allocated to additional or alternative management
practices. At many seabird restoration sites in Maine, wardens shoot predatory gulls in
an effort to enhance tern productivity. In this chapter, I examine the impact of gull
predation on tern nesting success at Eastern Egg Rock, Maine in years with and without a
shooting program. I also identify factors affecting predation rates and provide

management recommendations for future gull control at this site.
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CHAPTER 2: EFFECTS OF GULL PREDATION AND PREDATOR CONTROL

ON TERN NESTING SUCCESS AT EASTERN EGG ROCK, MAINE

Donehower, C. E., D. M. Bird, C. S. Hall, and S. W. Kress. In press. Effects of gull
predation and predator control on tern nesting success at Eastern Egg Rock, Maine.

Waterbirds 30: 29-39.
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Abstract.--Gull predation is an important source of egg and chick mortality for
many seabirds. From 2003-2005, the effects of gull predation and a predator control
program on tern nesting success were studied at Eastern Egg Rock, Maine. In 2003, gull
predation was uncontrolled, and in 2004 and 2005, attempts were made to shoot Herring
(Larus argentatus), Great Black-backed (L. marinus), and Laughing (L. atricilla) gulls
that preyed on Common (Sterna hirundo), Arctic (S. paradisaea), and Roseate (S.
dougallii) tern adults, eggs, and chicks. To evaluate the effectiveness of gull removal,
daily watches were performed from an observation tower and tern hatching and fledging
success were measured annually. Despite shooting efforts in 2004-2005, many known
predators could not be removed. Great Black-backed Gull predation was a function of
year, tidal state, and visibility, while Herring Gull predation depended only on the stage
of the tern breeding cycle. Using disappearance of eggs and chicks from monitored nests
as a proxy for gull predation pressure, an estimated 23% of Common, 32% of Arctic, and
6% of Roseate tern nests were depredated by gulls during the study period. Predation
risk depended on nest position within the colony, but not year, with some areas
consistently more vulnerable to gulls than others. We discuss the difficulty of removing
predatory gulls from a tern colony lacking nesting Herring and Great Black-backed gulls
and suggest the importance of human presence and associated research activities for

reducing gull predation at this site.
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Larus gull populations in Europe and North America grew dramatically in the last
century, benefiting from increased food and reduced hunting pressure (reviewed in
Mudge 1978; Pierotti and Good 1994; Good 1998). In the Gulf of Maine, Herring (L.
argentatus) and Great Black-backed (L. marinus) gull increases in the early- to mid-
1900s coincided with tern (Sterna spp.) declines (Drury 1973; Nisbet 1973; Drury 1974).
These declines were linked to displacement from preferred breeding grounds and
depredation of tern offspring by gulls (Hatch 1970; Drury 1973; Nisbet 1973; Drury
1974; Kress et al.1983; Kress 1998). Some gulls often ‘specialize’ as seabird predators,
preying heavily on seabird adults, eggs, and young (Pierotti and Annett 1990, 1991;
Spear 1993; Guillemette and Brousseau 2001).

Many studies have shown that gull predation can limit the breeding success of
terns and other colonial waterbirds (e.g., Vermeer 1968; Hatch 1970; Dwernychuk and
Boag 1972; Becker 1995; Guillemette and Brousseau 2001). In two recent gull-tern
studies, estimated egg and chick losses to gulls exceeded 70%. Whittam and Leonard
(1999) reported that gulls depredated 77% of Roseate Tern (Sterna dougallii) chicks on
Country Island, Nova Scotia in 1996 and that Roseates abandoned the colony the
following year. O’Connell and Beck (2003) suggested that gulls took as many as 73% of
all eggs produced by Sterna terns and Black Skimmers (Ryrchops niger) in the Virginia
barrier islands. Small and declining seabird colonies may be particularly vulnerable to
gull predation due to compromised group defense (Gilchrist 1999).

To re-establish former seabird colonies and to improve nesting opportunities for
small seabirds, gull control programs have been implemented in some areas (Kress 1983,

1998; Anderson and Devlin 1999; Kress and Hall 2002). Typically, adult Herring and
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Great Black-backed gulls are removed in the early stages of restoration through
harassment and nest removal or large-scale poisoning/shooting. Thereafter, efforts are
made to keep the area free of breeding or territorial gulls through the establishment of
seasonal research camps, nest destruction, harassment, and shooting of individuals or
territorial pairs. It is clear that terns can respond favorably to management since 96% of
all Common (S. hirundo), Arctic (S. paradisea), and Roseate terns breeding in the Gulf of
Maine nested at managed sites in 2005 (GOMSWG 2005).

At many managed tern colonies, gulls seen preying on tern eggs and chicks are
shot. The rationale is that a few ‘specialist’ gulls usually consume the majority of tern
prey and that removing these individuals is a practical, inexpensive means of controlling
predation (Guillemette and Brousseau 2001; Kress and Hall 2002). Some managers also
perceive the removal of a small number of predatory gulls as an ethical alternative to
broad-scale culling (CED, pers. obs.).

It has generally been assumed that shooting gulls effectively reduces predation
pressure on terns and thereby enhances productivity, but few studies have quantified gull
predation rates or examined gull-tern dynamics before and after implementation of a
shooting program. Guillemette and Brousseau (2001) found that the disappearance rate
of Common Tern chicks was lower and the lifespan of broods higher in a year when
predatory gulls were shot than in other years. However, their study occurred at a tern
colony where predatory gulls bred on the same island as the terns and could be easily
identified and removed. Many tern colonies are located at sites that lack nesting gulls but
continue to experience high levels of gull predation (GOMSWG 2005), presumably due

to non-breeding, resident gulls and/or gulls traveling from nearby gull colonies. The
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main objective of this study was to compare tern nesting success and losses to gulls in
years with and without a shooting program at a site lacking nesting Herring and Great
Black-backed gulls. A secondary objective was to identify factors affecting gull

predation rates.

METHODS

Study Area

Our study was conducted from 2003-2005 during the tern breeding season (early
June-mid August) at Eastern Egg Rock (43°52°N, 69°23°W), a 3 ha island located 10 km
east of New Harbor in Muscongus Bay, Maine, USA. The island has a central meadow
of grasses (Phleum pratensis and Agropyron repens) and shrubs (mostly raspberry Rubus
idaeus and elderberry Sambucus canadensis) surrounded by a rocky coastline. It is
managed by the National Audubon Society, and several researchers/wardens occupy a
seasonal field camp from late May to mid August. Since the 1970s, gull control, captive-
rearing, and social attraction efforts have restored a mixed-species seabird colony (see
Kress (1998) for a detailed site history and description). Common, Arctic, and Roseate
terns nest on the island as do Atlantic Puffins (Fratercula arctica), Black Guillemots
(Cepphus grylle), Common Eiders (Somateria mollissima), Leach’s Storm-petrels
(Oceanodroma leucorhoa), and Laughing Gulls (L. atricilla). Over one hundred Herring
and Great Black-backed gulls reside on the island daily but are not permitted to breed;
their nests and eggs are destroyed upon discovery. Several unmanaged Herring and Great
Black-backed gull colonies are located <10 km from Eastern Egg Rock. Lethal control

(shooting with a .22 caliber rifle) of gulls preying on terns has been practiced since 1984
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but was prohibited in 2003 so that predation could be monitored. Shooting resumed in
2004 and continued in 2005. There are no mammalian predators, and other avian

predators rarely visit the site.

Tern Census and Productivity

An island-wide tern nest census was conducted annually in mid-late June. Arctic
and Roseate tern population estimates were generated from direct counts of incubating
adults from blinds, while the Common Tern estimate was obtained from a “walk-
through” ground count and adjusted using a Lincoln mark-recapture index to correct for
missed nests (Kress and Hall 2002). The general location (block) of each tern nest was
recorded, so that nesting density (no. nests per block) could be determined. Blocks were
delineated by mapping available tern nesting habitat (National Audubon Society Seabird
Restoration Program, unpubl. data) and dividing the area into 16 sections using census
markers (<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>