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Abstract

Recruitment is a major determinant of population dynamics in long-lived
animals. In most seabird colonies it is common to find groups of immature
birds gathering near territories waiting to recruit. The process of
recruitment is affected by individual quality but also by environmental
conditions and colony density. The state of the pool of potential recruits
could be a sign of the health of a population, changes in numbers of non-
breeders can give cues of the future of the colonies. This thesis examines
different variables affecting recruitment, and provides evidence of recent
events affecting a seabird colony. Fieldwork was conducted during 2003-05
in the island of Foula, Shetland. Foula holds the largest colony of great
skuas Stercorarius skua in the world; although numbers of breeding pairs in
the colony increased rapidly from 1900-70, recently numbers have been
decreasing. Data were collected by marking non-breeders and taking
individual measures, individuals were followed in subsequent seasons to
record their behaviour. An extended database was used to determine how
long-term effects of variables such as hatching date, food availability and
climate change affect the process of recruitment. The results show that
food availability is related to breeding success and early hatching, as well
as the probability of returning to the colony to breed. The variable used to
quantify climate change (NAO winter index) was not related to
recruitment, however it is suspected to influence food abundance.
Contrary to expectation, individual quality did not have an effect on the
probability of breeding for the first time, and there was no difference in
body condition between potential recruits and established breeders;
however historic data suggest a difference. The current situation faced by
great skuas in the Foula colony may be a determinant for the changes in
recruitment rates as well as for the parameters that determine the
recruitment process. Compared to two decades ago, numbers of pre-
breeders have decreased substantially which may give evidence of density

dependent effects preventing the addition of new recruits to the colony.
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General Introduction

1.1 Colonial Breeding in Seabirds

The reason why animals form colonies has always intrigued biologists, the
immediate assumption is that individuals must benefit in some way from
nesting so close to conspecifics, however the study of colonial breeding
shows that these benefits are also counterbalanced by some disadvantages.
Overall, the exposure to conspecifics provides the opportunity of
information exchange (i.e. foraging, mating), which in turn saves
individuals potential waste of time that could affect their fitness (Nelson
1980). More than 95% of all seabirds breed in colonies, it is a wide spread
phenomenon amongst different species and it is present in all latitudes
regardless of individual size and habitats (Nelson 1980). Coloniality
increases social interaction, with benefits such as social stimulation and
breeding synchrony which suggests that individuals can adjust to a specific
time of breeding corresponding to adequate environmental conditions
(Coulson 1983, 2002). Other benefits may include social awareness of
predators and information about food sources; maximum colony size is
dependent on foraging range and food availability (Nelson 1980, Coulson
2002). However, it has been discussed that breeding in close proximity to
other birds holds some problems: easier transfer of parasites and diseases
may occur, as well as higher aggression leading to intraspecific predation
(Nelson 1980; Coulson 2002). At the same time there are density dependent
effects and higher competition for food and mating partners amongst
individuals (Nelson 1980; Coulson 2002). But colonial breeding has evolved
separately in many occasions which indicates that it is an adaptive process,
some hypotheses have been proposed to explain the benefits of this
behaviour (Danchin and Wagner 1997; Coulson 2002). The advantages of
colonial breeding may include nesting in a place relatively free of predators
like a sea cliff or an island, and it provides the opportunity to socially
interact with conspecifics. Seabird breeding colonies are located close to
good feeding grounds and it could be possible to think that this kind of sites
are limited and therefore birds have to breed in large groups. The choice of

nesting on a colony could be based on the presence of conspecifics in the
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site and their reproductive success, named the “Commodity Selection”
hypothesis, this explains that individuals are attracted to certain sites by
conspecifics which may give them cues about the nesting habitat, it also
involves sexual selection because in the same way individuals select
“reproductive commodities” like mating partners and even extra-pair
copulations (Danchin and Wagner 1997, 1999).

The social arrangement of colonial breeding restrains some individuals from
nesting in all available spaces (more or less dense areas), there is a ranked
distribution of breeding spaces amongst colony sites. Usually, older birds
occupy central (desirable) sites, whereas young breeders are left with
territories at the edges of the colony which are not socially accepted
(Coulson 2002). Colony density can enhance competition for nesting sites
and raise the number of non-breeding birds in the population; and at the
same time increase the age at which individuals start to breed; in dense
colonies the expected age of first reproduction is greater than in less
populated colonies (Chabrzyk and Coulson 1976; Coulson 2002). In a colony,
new recruits have the opportunity to take vacant spaces in privileged sites
of the colony if previous breeders have not returned, although most of
them are already occupied so they are generally restricted to lower quality
sites (Coulson 2002).

1.2 Recruitment

The addition of individuals to a breeding population is known as
recruitment; these new breeders are birds who may have been born in the
same population or that have come from elsewhere (Danchin et al. 1991;
Oro and Pradel 2000). Recruitment and the age of recruitment are
important determinants of population dynamics, being related to
population numbers and emigration/immigration rates (Oro and Pradel
2000). The process of recruitment is influenced by several physiological,
social and environmental factors, such as age, colony size and density,
body condition and food availability. After reaching an adequate age for

breeding, birds have to choose the most suitable place to nest, at this point
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they are faced with the decision of choosing their natal colony or to
immigrate into another colony. At this stage individuals will assess different
colonies in order to choose the most suitable place to breed (see
prospecting in 1.2.2). It has also been mentioned that there is variation in
the “quality” of the potential recruits, and that individual condition plays
an important role at the time of recruitment (Porter and Coulson 1987).
The so called “pool of potential recruits” is an indicator of the state of a
colony, a decrease in the number of prospecting non-breeders may be an
indicator of a decline of the population (Porter and Coulson 1987, Klomp
and Furness 1992).

1.2.1 Age at first breeding

The age at which different seabird species start to breed varies widely.
Before breeding for the first time individuals are regarded as immatures.
The period of time before first reproduction is thought to be for acquiring
all the relevant social skills as well as the physiological condition to breed.
In many cases birds need to obtain complex foraging skills and reproductive
displaying techniques which are necessary for successful breeding (Furness
and Monaghan 1987; Bradley and Wooller 1991). Some determinants of the
age at first breeding are the complexity of the feeding methods and the
availability of food; others are aspects of life history like longevity and
fecundity, with which age at first breeding correlate closely (Nelson 1980).
Seabirds have a relatively low adult mortality and do not breed in the year
following their birth, also they may spend prolonged periods of time before
reproducing (Bradley and Wooller 1991; Bradley et al. 1999). In some
species there are differences in age of first breeding between males and
females and these are related to survival rates and reproductive effort
(Wooller and Coulson 1977). Some examples of age at first breeding
include wandering albatrosses (Diomedea exulans) who breed at the
average age of 10, the same as royal penguins (Eudyptes schlegeli); on the
other hand atlantic gannets (Morus bassanus) breed at a younger age (4-5

years old), cape gannets (Morus capensis) at 2-3 years old, herring gulls
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(Larus argentatus) between 3 and 4 and sooty terns (Sterna fuscata) at
around 6 years of age (Nelson 1980).

Younger birds have comparatively lower reproductive success. Thus
breeding at a younger age does not necessarily increases lifetime
reproductive success; if breeding effort also affects future prospects in
terms of survival rate or prospects for future breeding, the decision of
when to start breeding is a trade-off between current and future
reproductive success (Furness and Monaghan 1987; Bradley and Wooller
1991). These ideas have been summarized into two hypotheses: the
“constraint hypothesis” which suggests that individuals are prevented from
breeding by social and endocrinological factors; and on the other hand the
“restraint hypothesis” which proposes that birds delay breeding to avoid
excessive future reproductive costs (Curio 1983; Oro and Pradel 2000).
Recruitment age may vary in response to the current state of a population
(i.e. depending on limiting factors such as food availability and nesting
space); when resources are limited and there is a high density of birds,
productivity decreases and breeding age may increase, the opposite could

also be expected (Nelson 1980).
1.2.2 Prospecting before breeding

In seabird colonies it is common to find birds that are actively looking for a
nesting space, many of them would be immatures but others may be
individuals that have previously bred somewhere else in another colony or
within the same colony and either lost their mate or divorced (Danchin et
al. 1991). They are known as prospectors and evidence suggests that they
visit different places before deciding where to nest, either visiting
different nest sites within a colony or visiting a variety of different
colonies. Immatures usually arrive to the colonies earlier in the season and
attend more frequently as they become older, Halley et al. (1985) showed
that new recruits had been seen more times in the season prior to breeding
than non-breeders; at the same time they showed that younger common

guillemots (Uria aalge) visited more colonies before their first breeding
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(Halley et al. 1995). Individuals are presumed to use prospecting as a
method of gathering information about the quality of the breeding habitat,
therefore they spend time testing different colonies/nesting grounds before
choosing where to settle (Boulinier and Danchin 1997; Boulinier et al.
1999). Some evidence of the use of conspecific information has been given
by studies with kittiwakes (Rissa tridactyla) in a colony in Brittany, France,
where attendance by prospecting birds was greater in more successful
colonies and where breeding success was related to recruitment rates,
giving evidence that prospectors evaluate local reproductive success and
quality of the colony before breeding (Cadiou 1999). Similarly, in great
cormorants (Phalacrocorax carbo) it was found that conspecific
reproductive success affects recruitment age, in this species age at first
breeding increased in years of low reproductive success (Frederiksen and
Bregnballe 2001). Prospectors tend to arrive later than established
breeders; experienced non-breeders in better body condition arrive earlier
than younger birds, giving them more opportunity to obtain suitable nests
(Dittmann and Becker 2003). In some species there are differences between
the sexes in arrival to the colony and frequency of visits, usually males
have to defend territories, so early arrival could be more important for
them than for female recruits (Nelson 1980; Dittmann and Becker 2003).

Prospecting has also been recognized in other bird species such as collared
flycatchers (Ficedula albicollis) where individuals are attracted to sites
with high reproductive success (Doligez et al. 2004; Part and Doligez 2003).
In common loons (Gavia immer) prospectors frequently visit sites with
chicks supporting the idea of “habitat copying” which could eventually lead
to a territory takeover (Piper et al. 2006). Birds would prospect before
breeding in search for “public information”, although it is not entirely
understood which cues allow them to make the decision of choosing a nest
(other examples: bobolinks, Dolichonyx oryzivorus, Nocera et al. 2006;

yellow-headed blackbirds, Xanthocephalus xanthocephalus, Ward 2005).
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1.3 Philopatry

The term “philopatry” is used when individuals return to breed at the place
they were born. Seabirds usually migrate away from their breeding areas
each year and it seems to be adaptive for young birds to return to their
natal place to reproduce (Nelson 1980; Bradley and Wooller 1991). Once
they have established as breeders in a particular colony they show high
tenacity and fidelity to the site and it is very likely that they will return for
most of their subsequent breeding attempts to that place (Furness and
Monaghan 1987). However, these observations do not signify that they
would not visit other colonies, in fact as previously mentioned birds
prospect in different places before deciding where to settle. Although the
natal colony could be the preferred option, other factors may affect the
decision of being philopatric; for example when there is high competition
for resources in the natal site. Recruiting into a particular area depends on
colony size, overall reproductive success and food availability (Oro and
Pradel 2000). So, philopatry is not always the case in all species and often
there is movement between colonies; a bird would make the decision of
breeding elsewhere (i.e. emigrating) before breeding for the first time
(Chabrzyk and Coulson 1976; Coulson and Demevergnies 1992). The balance
between philopatry and emigration, and the balance between visiting only
the natal colony and visiting a wide range of colonies probably varies
among seabird species according to aspects of species’ ecology, but the
extent to which these patterns vary between species or in different
environmental conditions (see the next section of this chapter) is not well
known. The majority of recruitment occurs in colonies that are already
formed. Colonizing of new sites takes place after years of visits to other
places and it usually requires a few pairs to start breeding for the colony to

grow (Coulson 2002).
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1.4 Factors affecting recruitment

The recruitment rate is affected by different variables, one of them is
colony size. A change in density of a colony can affect the age at first
breeding; for example in herring gulls (Larus argentatus), after a reduction
in population numbers, more young birds (3 years old) were recorded
breeding than before the population reduction (Coulson et al. 1982). In
another study about local recruitment in the Audouin’s gull (Larus
audouinii) it has been shown that the probability of any individual to breed
increased with the size of the colony. At this site, the breeding numbers
were growing dramatically and this meant that recruitment occurred at a
younger than average age (Oro and Pradel 2000). On the contrary, in the
Cassin’s auklet (Ptychoramphus aleuticus) the age at first breeding
increased when density in the colony was low (Pyle 2001). The other reason
explaining their results was low food supply, therefore that was also
related to the increase in age at first reproduction. Environmental variables
are also related to the recruitment process, climatic events like “El Nino”
have been related to recruitment age (Spear et al. 1995); and more
recently climatic change has been associated with low breeding success and
recognized to affect recruitment in different animal species. Food
abundance is also associated with recruitment numbers, as could be
expected there are low numbers of recruits when food supply is low
(Boekelheide and Ainley 1989; Spear et al. 1995).

Also, evidence suggests that in some seabird species there is a selection of
individuals at the time of recruitment based on the quality of the potential
recruits (Wooller and Coulson 1977). This selection is based on individual
body condition, levels of colony attendance and age, as well as site
tenacity and time of arrival to the colony (Porter 1988). The variation in
the quality of prospecting non-breeders determines where and when the
birds will nest, higher quality birds appear to nest in dense areas due to
their ability to defend the territory even against previously established

breeders (Porter 1990). From the pool of potential recruits, the ones that
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arrive later would have to remain in the non-breeding pool, early birds that
are not fit enough will also remain in the pool whereas high quality birds
would recruit; however individuals in better condition would take the best
nesting spaces (Porter 1990).

Recruitment rate is an element of population dynamics, in conjunction with
mortality and emigration rates they shape population sizes. Recruitment
can regulate seabird populations determining declines in numbers or
growth (Furness and Monaghan 1987). Studies of recruitment provide
valuable information about seabird populations that could be useful for

monitoring, control or conservation purposes (Furness and Monaghan 1987).

1.5 Studying recruitment

Recruitment rate is one of the most important components of population
dynamics along with mortality and reproductive success. However the study
of recruitment has had little attention over the years. It is until recently
that long-term data sets have been used to study recruitment. Long-term
studies in which birds have been ringed as chicks give the opportunity to
follow up with their life history, it is possible to establish whether they
returned to the same colony to breed or potentially determine if they bred
elsewhere. To deal with the recruitment information statistically, different
models have been developed (Pradel and Lebreton 1999); the most
commonly used is the mark-capture-recapture model in which the life of an
individual is read “backwards” from the moment it was last seen to the
moment it first bred (Pradel 1996). Pradel and Lebreton (1999) also suggest
another model in which one can predict when an individual would breed
based on a “non-observable” state. However most of the studies dealing
with recruitment consider the individual only when it starts breeding, there
are not many studies about the behaviour and conditions experienced by
pre-breeders in the years before acquiring a territory. As mentioned
before, seabirds usually return to their colonies after their first year and
they visit the colonies frequently in order to interact with conspecifics, but

during this period it is not always possible to trap them or to obtain any
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information about them. Studies like the present thesis are valuable
because they provide individual information of the period before the first
reproduction. However, the data obtained in this study did not allow a
model analysis; the sample size is small (not all the birds captured as non-
breeders/prospectors had been ringed as chicks) and there are not many
encounters registered. Also it would be ideal to have a large data set

including several years of “recapture” observations.
1.6 Great Skuas as study species

Great skua (Stercorarius skua) breeding range is restricted to the North
Atlantic, the largest number of breeding pairs are located in Iceland and
North Scotland (Shetland and Orkney Islands)(Furness 1987). Great skuas
like most seabirds are monogamous, long-lived and highly site faithful as
breeders, they also tend to defend their territories very aggressively
against conspecifics, other animals and even humans. Before recruiting,
they gather in easy identifiable locations amongst territories of the
breeding colony to perform social interactions with conspecifics (Klomp and
Furness 1992; see Chapter 4). They are able to exploit a wide variety of
food sources depending on their location, although in northern Scotland
they mainly forage on sandeels and fisheries discards (Furness 1987; Votier
et al. 2003). The total population has increased in the past decades and
now stands at around 16000 pairs, most of which breed in Britain (Furness
and Ratcliffe 2004). Recently there have been reports of a decrease in
numbers of birds in large colonies and an increase of breeding pairs in
smaller colonies, suggesting a certain degree of density dependent
competition for food (Furness and Ratcliffe 2004).

Although there have been studies about non-breeding great skuas in the
past (Klomp and Furness 1990, 1992), there is not enough information
about recruitment or comparisons with breeding birds. But, it is known that
breeders and non-breeders have a similar diet from pellet analysis of
samples collected around the colony, in breeding territories and club-sites

(Votier et al. 2001). Also it is known that young birds migrate to different
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regions than adult birds; 18-24 month old great skuas travel to America
(North America and Caribbean), Scandinavia, South Europe and North West
Africa, whereas adults migrate to Southern Europe and North West Africa
(Furness 1987). In terms of activity during the breeding season, breeders
attend only one colony whereas non-breeders could potentially visit several
colonies whilst prospecting. Knowing the differences and similarities
between breeders and non-breeders could help to understand the
conditions they are subject before arrival to the colony and during the
breeding season. These elements could affect individual traits such as body
condition (both breeders and non-breeders) and the choice of a nesting
place (non-breeders).

For experimental purposes it is advantageous to find non-breeders
gathering in these big groups because it allows trapping and marking of
individuals that can be followed in coming seasons. This species is ideal to
study recruitment, because it gives the opportunity to have a record of
behaviour and body condition of the birds before breeding. Therefore it is

possible to relate different variables to the probability of recruitment.

1.7 The Foula Colony

The island of Foula (60°08°N 2°05°W) is located west of Shetland mainland
in the north of the British Isles. This small but inhabited island holds large
colonies of different seabird species that nest all over the moor in the
mainland and around the sea cliffs. One of the most common seabird
visitors breeding on the moors/grasslands of the island is the great skua or
“bonxie” as it is called locally, which during the reproductive season
occupies vast areas of the island. Foula holds the largest population of
great skuas in the world, which had a rapid growth in the last century
(Furness 1987), more recently the number of breeding pairs have been
declining from 2495 apparently occupied territories (AOT) in 1985-86 to
2293 AOTs in 2000 (Furness and Ratcliffe 2004). Since the 1970s there has
been annual monitoring of the breeding colony which has included ringing

and measuring of both chicks and adult birds, this has facilitated the study

11



General Introduction

of the colony providing individual information like age, breeding status and
in some cases body condition. There has been a long tradition of research
into great skua ecology by postgraduate students and research fellows,
from the PhD thesis by Bob Furness in 1977 through a continuous series of
researchers to the end of the 20" century. This research provides both a
good understanding of the ecology of this population, and also a long time
series of data that can be related to aspects of changing environmental
conditions (e.g. Votier et al. 2004). Despite this detailed and extensive
research programme, only one PhD student considered the numbers and
behaviour of non-breeding great skuas as a significant part of his PhD
research (Klomp and Furness 1992), and there has been no further work on

this topic since that time.
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Figure 1.7.1 Geographical location of Foula, Shetland.
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1.8 Outline of the thesis

The current status of the breeding colony of Great Skuas in Foula provides
an excellent opportunity to study aspects of seabird population dynamics.
The aims of this study are to understand better the process of recruitment
and to consider previous ideas in the current context of this population,

with the use of recent and previously collected data.

Chapter 2 examines how reproductive variables (and particularly hatch
date) are affected by environmental factors such as climate change and
food availability, also it analyses the effects of these variables (climate
change and food availability) on survival and recruitment. Results include
somewhat sporadic accumulated data from both breeders and non-breeders
taken in previous years, as well as data specifically collected on these
issues in the time of this study. In order to test the idea that recruits need
to achieve a certain level of body condition as a “pre-requisite for
recruitment” (Porter 1988), in Chapter 3, | analysed the differences in
body size and condition between breeders and non-breeders. It is important
to evaluate the conditions faced by new breeders, especially in a highly

dense colony like Foula.

As mentioned before, pre-breeders visit colonies in order to assess their
quality before nesting, so in Chapter 4, | look at the attendance patterns
of non-breeders in the colony and its relationship to time and date; also
there is a comparison between the numbers of non-breeders present in the
Foula colony amongst the years of this project and with reports of previous
similar studies particularly those by Nick Klomp over a decade ago. This
chapter draws attention to the importance of the number of potential
recruits to the status of the colony, and the relationship between non-
breeders and population numbers. In the final data chapter (Chapter 5),
the results of three years of observations are shown; | investigate how body
condition during the breeding season could affect the fate and status of

potential recruits from one year to the next. This chapter discusses the
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possibilities of birds breeding in Foula as opposed to emigrating to another
colony. In the final discussion, | summarize the findings of this project and
evaluate the objectives, explaining the development of the study and its

importance for conservation biology.
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Chapter 2

2.1 INTRODUCTION
2.1.1 Hatching date and survival

There is a large variation in the survival rates of birds during their lifetime,
and it tends to be lower after fledging and during the first year of their
lives than as adults (Dunn 1972). Survival of an individual from hatching to
recruitment is influenced by several different factors, including
physiological traits as well as challenging environmental conditions faced
through that period. However, evidence shows that the timing and
conditions at hatching are crucial for young birds in order to reach
maturity. Parental ability to produce quality eggs, and care for chicks has
proven to be an important factor affecting post fledging survival. It is
known that laying earlier in the season is beneficial in terms of higher
reproductive success, so there is a preference of early laying by the parents
(Drent and Daan 1980; Price et al. 1998; Dawson and Clark 2000). Also, in
seasonal environments parents will adjust breeding to match peak food
availability, thus increasing the chances of survival of their young (Catry et
al. 1998). In a study on the breeding biology of common guillemots (Uria
aalge), Wanless and Harris, found that early hatched chicks had
significantly longer fledging periods than late chicks, and that the timing of
breeding had a significant effect on the breeding success of the colony in
general (Wanless and Harris 1988). Other studies have recognized the
importance of hatching date on chick growth and fledging success. Birds
breeding earlier in the season hatched in better condition than late-
hatched individuals and have higher survival probabilities (e.g. Sedinger
and Flint 1991; Arnold et al. 2004). Spear and Nur conducted a study in
which they tested the effects of different reproductive variables (brood
size, hatching order, hatching date, fledging weight) on different life
stages of Western gulls (Larus occidentalis). They found a strong negative
effect of hatching date on survival; the probabilities of surviving the three
different stages of age (natal, juvenile and recruitment) were reduced for

late hatched chicks (Spear and Nur 1994). Hatching date has also been
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related to competitive ability and breeding strategies in seabirds. Early
hatched individuals start breeding at a younger age and show dominant
behaviours over their conspecifics (magpies (Pica pica): Eden 1987; shags
(Phalacrocorax aristotelis): Velando 2000; black-headed gulls (Larus
ridibundus): Prevot-Julliard et al. 2001).

Is hatching date related to recruitment?

Assuming that hatching date has an effect on post-fledging survival, and
that early fledged chicks have an advantage over late fledged chicks, we
could assume that there is a relationship between hatching date and the
probability of recruitment into the breeding population. The benefits of
early hatching are reflected in better body condition, which in turn
signifies greater ability to compete for breeding spaces. Cooke et al. (1984)
found that early-hatched lesser snow geese (Anser c. caerulescens) chicks
had significantly greater recruitment rates than late hatched chicks.
Although the tendency was present in all seasons they recorded, significant
results were season-dependent. Similar results were found in the lesser
scaup (Aythya daffinis) by Dawson and Clark (2000), where recruitment
probability also decreased among birds with later hatching dates. It is
possible that the reason for low recruitment in late-hatched individuals was
related to the time available to acquire nutrients for migration, thus late-
hatched birds had increased mortality rates (Dawson and Clark 2000). In
black-headed gulls (Larus ridibundus), Prevot-Julliard et al. (2001) found
that even a few weeks’ difference in hatching date between chicks has an
effect later in life; chicks hatched earlier started breeding younger, and
later hatched birds were found breeding on peripherial colonies.
Considering these results, it is reasonable to expect a strong correlation

between hatching dates and the probability of recruitment into the

breeding populations.
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Great Skuas

Since 1975, Great Skua chicks have been ringed and measured in large
numbers each year in Foula, Shetland. During the early 1980s there was a
tendency for early breeding, while breeding was later in the late 1980s
when sandeel abundance was low and breeding success was reduced
(Furness 1987). This suggests a relationship between food availability and
laying/hatching date.

Breeding success of great skuas declines with laying date, later breeders
have only approximately 25% chance of producing fledglings. Success is
related to parental quality, later laying birds are usually inexperienced
birds. Southern hemisphere (Sub Antarctic) skuas seem to time their
breeding with seasonal patterns that relate to latitude and climate, and
presumably also to the time of peak food availability (Furness 1987), but
there has been no analysis of the factors affecting timing of breeding of
great skuas. Early hatched chicks have higher post-fledging survival,
probably because they have larger body reserves. However, the effect of
hatching date on survival of great skuas does not extend beyond the first
year, and it is not related to subsequent timing of breeding. In a study
conducted in the Foula colony from 1975 to 1990, Catry et al. found a
significant effect of hatching date on survival probability in the first year,
and also early hatched chicks had on average, a better body condition than

late hatched chicks (Catry et al. 1998).

2.1.2. Environmental variables that affect hatching date and recruitment

Food Availability

Food availability has been associated to overall breeding performance. In
great skuas an improved availability of sandeels was related to earlier
laying dates, possibly as a consequence of females in better condition to

lay eggs (Ratcliffe et al. 1998). Early laying may present selective
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advantages in terms of fledging success and reduced intraspecific
predation.

Some studies have recognized the effect of environmental conditions on
the survival of individuals to recruitment age; these effects have a stronger
impact on the life histories of individuals in seasonal environments (Reed et
al. 2003). Environmental changes affect directly the food availability, and
these effects turn out to be stronger for less experienced birds. In Western
gulls, when food availability is reduced, mature birds tend to breed earlier
than younger birds, therefore hatching chicks earlier and producing more
fledglings (Sydeman et al. 1991).

It is thought that animals would adjust the time of breeding to the time
when food availability is higher in order to provide the energetic demands
of reproduction and chick rearing. Individuals rely on physiological and
climatic cues to make the decision of when to start breeding in any
particular year. This is mostly important to animals that migrate long
distances and have to decide when to return to their breeding site to
reproduce; with varying climate, the normal (i.e. phenological) arrival time
could change and birds may breed earlier or later in the season to exploit
resources best (Both and Visser 2001; Frederiksen et al. 2004).

Climate Variation

The North Atlantic Oscillation (NAO) is a major source of large-scale inter-
annual climatic variation in the atmospheric circulation of the region
(Hurrell 1995). In the North Atlantic, the NAO is associated with most
variation in winter climate and is correlated with global and regional
temperature fluctuations (Hurrell 1995; Hurrell and Van Loon 1997). The
NAO index is based on the difference of normalized sea level pressure
between Lisbon, Portugal and Stykkisholmur/Reykjavik, Iceland since 1864.
The winter index comprises the months of December through March,
including the measure of December of the previous year and January to
March of any particular year. During winter, the NAO has a stronger effect

on the variability of the climate in Europe, where it can modify
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temperature in patterns that last many years (Hurrell 1995). The NAO has
positive or negative phases, the changes in pressure gradient from one
phase to the other produce large changes in wind speed and direction over
the North Atlantic. The heat and moisture transport between the Atlantic
and its surroundings varies markedly, seen as winter storms and associated
weather (Hurrell et al. 2001). In the past decades, there has been an
especially high rate of warming, this increase in average winter
temperatures across Europe is accounted for by an increase in the NAO
(Hurrell 1995).

Changes in the NAO have a wide range of effects on marine and terrestrial
ecosystems, including distribution and population abundance of fish, the
flowering dates of plants, and the growth, reproduction, and demography
of many land animals (Hurrell et al. 2001). The climate variation associated
to the NAO gives the opportunity to assess the effects on breeding
performance in wild animal populations (Forchhammer et al. 1998;
Przybylo et al. 2000; Sanz 2002). In particular, the increase in spring
temperatures (as a result of positive NAO values) has been related to
modifications of breeding dates for many species of birds (Crick et al. 1997,
Forchhammer 1998; Crick et al. 1999; Przybylo et al. 2000; Sanz 2002).
Birds rely on environmental cues to initiate breeding (Frederiksen et al.
2004); in migratory species the changes in temperature may affect their
timing making them return earlier/later to their breeding grounds.
Consequentially, this has an effect on the laying dates and therefore it is
possible to see changes in the time of breeding of certain populations from

one season to another (Crick 2004).

Long term studies provide the opportunity to observe how the changes in
the physical environment affect the dynamics and breeding parameters of
certain populations. In the present chapter, | investigate how hatching date
has varied during the past 30 years in the Foula colony and if this variation
is related to environmental conditions such as food availability and climate
change. Both environmental variables have shown changes through the

years so | would expect these variations to have an effect on the breeding
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biology of great skuas. Evidently birds would be very sensible to low food
abundance, it could be expected minimal reproductive success and no
recruitment when food is scarce. Also hatching date could be affected by
low food supply, | would expect in years of less food abundance later
hatching dates than in years with more food. In terms of climatic
conditions, if weather changes it is also possible to expect a shift in
hatching dates. In warmer winters it could be possible to find birds arriving
to the colony and laying eggs early, however this could be closely linked
with how the variation in temperature/climate affects their food source.

Furthermore, | examine the variation in hatching date in relation to the
survival and recruitment into the population. | would expect individuals
with earlier hatching dates to have higher probabilities of survival and
recruitment. The results are discussed in the context of variation in the

environmental conditions of the region.
2.2 METHODS

For more than 30 years great skua chicks have been ringed in large numbers
in Foula, Shetland under the BTO scheme. In most years some 30-80% of
chicks in the colony have been ringed and measured. As a result of that,
there is an extensive data base which includes information such as ringing
date, location within the colony, weight and wing length of the chicks.
During these years (1975-present) adult birds have been re-trapped using
different methods, such as walk-in and spring traps, either as breeders in
their territories or nests or as non-breeders attending club sites. Data
collected for various other studies of adult birds have been compiled into a

data base which contains information such as status and body measures of

the birds.

To obtain hatch date | used a logistic growth curve for great skua chicks
(Phillips et al. 1997) which derives the age of the individual from its wing
length, and then the age in days was deducted from the date they were

found, to obtain the hatching date as Julian date (January 1= 1). An
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average hatch date per year was calculated to obtain a mean value which
includes all the chicks measured in a particular year; this was used as the
variable “hatch date”. Data of mean hatch date was available from 1975 to
2003 (29 years), however information of status (i.e. survival) of ringed birds
is not as consistent, therefore only 26 years were included in the analysis
(see 2.3.3). This mean may differ slightly from the mean hatch date
calculated from studies of egg laying in marked nests, since only those eggs
that hatch successfully produce chicks that can be ringed and measured.
However, in most years the hatching success of great skuas is high and
consistent, even if overall breeding success is low, so that any bias in

estimating hatching dates is likely to be small.

2.2.1 Environmental variables

A number of environmental variables were related to the mean hatching
date in order to determine the factors affecting timing of breeding (Table
1). Food availability was assessed with two different variables, one was the
Total Sandeel stock Biomass (TSB) in Shetland in tonnes per year and the
other one was the amount of combined discards of haddock
(Melanogrammus aeglefinus) and whiting (Merlangius merlangus) in the
region (ICES 2007, www.ices.dk). Sandeel data (TSB) was obtained from a
research survey data in the form of numbers of sandeels in each age class,
this was converted to a calculated total stock biomass for each year using
the average masses of the different age classes (Davies 2005). The survey
data was combined with a relative abundance index and corrected for
different survey methods by Davis (2005). Discard quantities are estimated
from all demersal stocks, haddock and whiting make the majority of the
content from all the combined species. This correlates with contents
obtained by otolith analysis of the great skua diet (Votier et al. 2001,
2004c). These two variables (TSB and Discard) were transformed into

logarithms to meet the assumption of normality of the analyses.

23



Chapter 2

Breeding success (measured as the number of chicks fledged per nesting
pair, using standard methods developed by The Seabird Group) has been
recorded annually at the Foula colony. | used these estimates to investigate
the relationship between hatching date and breeding success.

Colony size has also been compiled in different surveys at several Great
Skua breeding areas in Shetland (Furness and Ratcliffe 2004). Numbers in
Foula have been recorded as apparently occupied territories (AOT) which
gives a very good estimate of the number of breeding pairs in the colony
(Furness 1987; Furness and Ratcliffe 2004). | made linear interpolations
between censuses to estimate the number of AOT each year and used that
as a measure of colony size (for actual census data see Table 2.1).

The North Atlantic Oscillation (NAO) is the dominant mode of winter
climate variability in the North Atlantic region. The corresponding index
varies from year to year but also exhibits a tendency to remain in one
phase for intervals lasting several years. | used the NAO winter index
(Hurrell 1995) to account for the effect of climate change and its relation

with hatching date (http://www.cgd.ucar.edu/cas/jhurrell/indices.htmt).

2.2.2 Recoveries

In order to assess whether the number of birds born in a particular year and
that died in the next two years was related to environmental variables, |
analysed the great skua ring recoveries files. From the Ringing Recoveries
files provided by the British Trust for Ornithology (BTO), | tracked the ring
numbers in the Foula database, which includes all the chicks ringed on
Foula a particular year (I used data from 1975 to 2003) and their body
measurements. | then selected birds that were recovered the year they
were born and two years after that. | assumed that all birds hatched
approximately in the month of July, and so the analysis of mortality of
young birds includes individuals aged up to 29 months (c.900 days). To
account for the differences in numbers of chick ringing per year, a

proportion was calculated; the number of young recovered birds was
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divided by the total number of chicks ringed in that hatching cohort. This
proportion was then regressed with yearly variables, such as mean hatching
date, breeding success, TSB and Discards numbers and the NAO winter

index of the year the recovered birds were born.

To analyse the relationship between environmental variables and hatch
date | used linear regressions. | used t-tests to look at differences in
hatching date between birds that returned to the colony and birds which
fate is unknown; also when analysing mean hatch date of the colony and
hatching date of recovered birds. Data were checked for normal
distribution, and non-parametric tests were performed when required. All

statistical analyses were performed using SPSS 12 (Dytham 2003).

2.3 RESULTS
2.3.1 Environmental variables and hatching date

Hatch date varied widely amongst years, but this variation did not show a

significant trend with year (R?=0.034, p=0.33, N=29 years; Figure 2.1).
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Figure 2.1: Variation of the mean hatch date per year, hatch date is

expressed in Julian days with the 1°* of January being day 1.

| also found that there was no relationship between mean hatch date and

colony size (R2<0.001, p=0.94, N=11 actual census data only), nor with the
NAO winter index (R?=0.026, p=0.40; Figure 2.2).
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Figure 2.2: Annual variation of the North Atlantic Oscillation Winter Index

in relation to the hatch date mean of the Foula colony.

However, TSB was related to the mean hatching date per year (R?=0.165,
p=0.03, Figure 2.3); but not discard (R?=0.102, p=0.09, Figure 2.4).
Hatching was later in years when sandeel biomass or discard quantity was

low, though only the former relationship was statistically significant.
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Figure 2.3: Total Sandeel Stock Biomass (logarithm) in the Shetland region,

in relation to the mean hatch date per year of the Foula colony.
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Figure 2.4: Combined measure of discards of haddock and whiting in the
Shetland region in relation to the mean hatch date of the Foula colony per

year.

Also, the mean hatch date in the colony may explain variation in breeding
success. The number of chicks hatched per year was negatively related to
the mean hatch date; earlier mean hatching date correlated with higher

breeding success in the same year (R2=0.230, p<0.01, Figure 2.5).
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Figure 2.5: Breeding success of Great Skua pairs in the Foula colony and
mean hatching date per year (Julian days).
2.3.2 Annual variation of environmental variables

In recent years, the Foula colony has had a lower breeding success than in
previous years; breeding success is negatively correlated with year

(R2=0.162, p=0.03; Figure 2.6).

30



Chapter 2

1.40

1.20q ©

g

o
)
o
1

o
o
)
1

Breeding success (chicks/pair)
?
o]
o

0.20 (o)

0.00

l | [ | ! | !
1975 1980 1985 1990 1995 2000 2005

YEAR

Figure 2.6: Annual variation of breeding success rates in the Foula colony,

measured as the number of chicks fledged per nest attempt.

Also colony size has decreased with time, the numbers of AOTs registered
are significantly less in recent years than 30 years ago (R?=0.802, p<0.01,

N=12 actual census data only; Figure 2.7).
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