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SUMMARY
1, The taxonomy, breeding distribution, current status and role of plumage
polymorphism in the population dynamics of Arctic skuas are discussed.
Information on recent changes in sandeel recruitment in Shetland waters is
provided, and some general methods used throughout the thesis are outlined.
Z. Both Arctic skua chick growth and fledging success were depressed during the
years of low sandeel Ammodytes marinus availability, particularly from 1987 to
1990. Adults spent considerably longer foraging in 1987 than they did wn 1979, or
from 1992 to 1994. However, they were able to breed with moderate success up
until at least 1986, in sharp contrasi to Arctic terns which failed from 1983 ta
1990.
3. The relationships between both chick growth and number of chicks fledged per
pair of Arctic skuas, and fisheries-based and avian indices of food availability were
better described by threshold effects rather than linear functions.
4. The size of the Arctic skua breeding population in each year and the level of net
recruttiment (the difference between the obseived numbers in a given year and the
expected number of breeders surviving from the previous year) correlated with
the size and productivity of the Arctic tern breeding population on Foula and an
independent fisheries-based index of 0-group and I-group sandeel abundance in
Shetland waters.
5. There was significant annual variation in mean hatching date, clutch size and
egg volume, but not hatching success or chick survival to a week. Mean clutch
size and egg volume were lowest in 1979 in comparison with 1987 and 1992-
1994. Hatching date showed a strong positive relationship with the net
recruitment index. Tt was suggested that these resulis were a consequence of a
change in the age structure of the Arctic skua population since the late 1970s.
6. Analysis of kleptoparasitic interactions of Arctic skuas Stercorarius parasiticus

foraging within sight of Foula indicated that the skuas were able to switch hosts if
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particular species (notably Arctic terns Sterma paradisaca) were breeding
unsuccessfully in a given year.

7. Breeding Arctic skua adults appeared to be in poorer body condition in 1988,
the second year of particularly low sandeel recruitment, and there was also strong
evidence that many established pairs deferred breeding in that year and in 1990.
Changes in behaviowr may therefore act as a buffer allowing Arctic skuas to
withstand some degree of reduced prey availability but this appears to mvolve at
least some lohger-term costs.

8. From an analysis of individuals processed more than once, it was clear that
body measurements were highly repeatable, in several cases across more than a
single breeding scason. Adult weight recorded during incubation was also highly
consistent between years. Marphometrics showed no relationships with adult age.
9. Although ranges overlapped, females were larger than males in all
morphometric variables inchuding incubation weight, but with the exception of bill
length. Discriminant analyses were used to sex adults on the basis of prior
probabilities of group membership of >0.85. A hierarchical systemn of sex
differentiation was developed; sexing by observation, by association or by one of
two discriminant functions. Sex was assigned correctly by discriminant analyses to
91.2% of 68 known-sex birds. In total 86.4% of 214 adults measured during
1992-1994 were sexed with a high degree of accuracy.

10. Body weight was closely correlated with body size indices of male and female
Arctic skuas {obtained from principal components analyses). Although male body
weight (comrected for size) remained reasonably uniform throughout the breeding
season, females maintained constant weight (corrected for size) during incubation
only, and then showed a sudden stepwisc decline when the chicks hatched. It was
suggested that this variation was related to sex role partitioning of incubating and
chick-rearing duties.

11. Asymmetric declines were observed in the number of occupied Asctic skua

territoties m different areas on Foula. These were greater at some locations
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between 1980 and 1986 than would have been expected even if zero recruitment
had occured.

12, There were no consistent differences in chick growth or hatching date during
1976-1979 in different areas or when comparing locations where the number of
pairs did or did not show a subsequent decline. There was therefore no support
for the hypothesis that localised recruitment failures were a consequence of the
poot quality of (micro-philopatric) fledglings in previous years.

13. Laying date, breeding synchrony and egg and chitch volume were not related
to density in 1992-1994. Chicks in higher density areas with more near-
neighbours did grow more poorly in 1992 and 1994. However, the number of
chicks hatched increased with increasing density in 1994, and although number
fledged was unaffected, post-fledging survival to a week was also better in high
density areas. Addling was unaffected by density. These differences were not
related to variation in adult age, size or body condition among areas.

14. Egg volume, clutch volume, chick growth, number of chicks hatched and
number fledged (but not posi-fledging survival) declined seasonally in one or
more years, 1992-1994. The incidence of addling increased as the season
progressed. Chick growth influenced fledging success in 1993 only, but had no
effect on post-fledging survival to a week in 1992 or 1993.

15. An estimated 93% of all new pairs in 1994 could be identified because of
movements of adults colour-tinged in 1992 and 1993, Males were much more
likely to retain the territory than females in the event of a change of mate. The
divorce rate was low - 93% of 27 colour-ringed pairs from 1993 from which both
individuals returned were breeding together in 1994,

16. Females identified as being in new partnerships laid later and produced
clutches of lower volume than those in the remainder of the population in both
1993 and 1994. They were also more likely to produce a single-egg clutch and to
hatch fewer chicks in 1994, and in 1993 single/first-hatched chicks grew more

poorly. Birds in known new partncrships formed in 1993 were less fikely to be
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breeding together the following year than those in the remainder of the
population.

17. Over 75% of an estimated 45 known-age philopatric adults present on Foula
had been trapped by 1994. Around 43% of the population breeding on Foula in
1994 had lived longer than the expected duration of their breeding lifespan on the
basis of the 1992-1994 adult mortality rate.

18. There was a significant advance in laying date and, after correcting for pate
status, an increase in clutch volume with adult age. Nuntber of eggs laid, chicks
hatched and chicks fledged were unalfected by age. Nor did attendance vary with
age. Therc was no evidence of senescence in any aspect of reproductive
performance.

19. Arctic skuas breeding on Foula in general showed modcrate repeatability in
laying dates, moderate to high repeatability in cluich volume and low or
insignificant repeatability in chick growth between years, 1992-1994. Fenales in
new partnerships did not show repeatability in laying date or chick growth, and
males in new partnerships did not show repeatability in clutch volume or chick
growth. It would therefore appear that some attribute of the male determines
laying date and of the the female determines clutch volume.

20. Male body condition (weight corrected for size) was negatively correlated
with relative laying date, ancd female body condition (weight corrected for size and
stage) was positively correlaied with clutch volume. Body size and body congition
were unrelated to cluteh size or the number of chicks hatched or fledged, and nor
were they related to adult over-winter survival between 1993-1994, There was na
relationship between size and condition and the difference in laying date and
clatch volume between 1993 and 1994,

21. Chick growth but not timing of breeding showed signficant heritability.
However, values for heritability exceeded those from repeatability analyses and

presumably were slight overestimates. Chick growth and hatching date influenced



the probability of survival to recruitment, however neither was related to size or
bedy condition as an adult.

22. A simple model was constructed that estimated the rate of change of the
Arctic skua population on Foula using different values for adult mortality, survival
to recruitment and fecundity. A separate regression approach, which modelied
survival to recruitment as a function of time and various (constant) immigration
rates, suggested that juvenile survival declined mn the early 1980s but later
improved around 1990. The magnitude of this latter increase was heavily
dependent on the predicted rate of immigration.

23. On the basis of demographic data collected during 1992-1994 the Arctic skua
population was predicted to decline at a rate of 3-4% per year. Jlowever, not only
have breeding numbers shown a substantial increase or a greater decrease during
previous years, but from 1992-1994 they declined at a much greater rate (9% per
year), The present ratc of decrease was partly attributable to reduced breeding
success during the late 1980s, whereas an earlier decline (1979-1987) appeared to
be the result of increased adult or juvenile moriality.

24, Tt was suggested that the rate of immigration had an important influence on
population dynamics, particulaily as the considerable increase in nunmibers from
1974-1976 could only have resulled from Jarge-scale immigration. Relatively few
recoverics of Arctic skuas ringed as chicks, plus extreme heterogeneity in the
fecovery rates precluded a quantitative assessment of precise immigration or
emigration rates. However, analysis of recovery patterns appeared to indicate that
most birds were philopatric and that little movement occured between Orkney and

Shetland.
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1.1 Introduction
1.1.1 Skua taxononty

Skuas belong to the family Stercorariidae, closely related to gulls and terns
(family Laridae) within the order Charadriiformes. They can be distinguished from
Larids by characteristics such as reversed sex size dimorphism, the combination of
claws with swimming membranes between the toes, and possession of hard scutes
on the legs and a prominent distal nail (the rhamphotheca) on the upper mandibte.
Pronounced elongation of the two central tail feathers is also apparent in the small
skuas (genus Stercorarius), although less so in the large skuas (genus
Catharacia).

There is some dispute as to the phylogenetic relationships within the
family Stercorariidae (see Furness 1987 for a discussion). It had appeared that the
smaller northern hemisphere Siercorarius skuas were separated from the larger,
predominantly southern hemisphere (with the exception of the great skua
Catharacta skua skua) Catharacta skuas on the basis of the extensive barring
found only on the underparis of juvenile Stercorarius skuas (Brooke 1978). This
classification has however been disputed both in the past on the basis of behaviour
(Andersson 1973), and by recemt DNA evidence that suggests, perhaps
surprisingly, that the Pomarine skua Stercorarius pomarinys, arose from
hybridisation between a female great skua and a male Arctic skuna Stercorarius
parasiticus (R'W, Furness and B, Cohen, unpubl. data). On that evidence, all
skuas would have to be classified in a single genus. The two genera arrangement
however, is the one adopted in this thesis.

1.1.2 Breeding disiribution

In common with the other Stercorarius skuas (Pomarine and long-tailed
skua Stercorarius longicaudus), Arctic skuas have a circumpolar Arctic breeding
distribution (Furness 1987, 1988). Very large numbers (tens to possibly hundreds
of thousands) are to be found breeding in Alaska, Canada, and northern Russia in

particular. Far fewer, some 3350 pairs in 1985-87, breed in Scotland, although at



much greater densities (Lloyd et /. 1991). In fact, skuas appear to be better
adapted to higher latitude environments. Although all the principat victims of
Arctic skua chases are available in large numbers outside its present range, the
Arctic skua breeds no further south than Jura within the British Isles (Lloyd ef ¢/
1991). Skuas have a high basal metabolic rate and body temperature, a low upper
critical temperature and much heavier insulative plumage than other seabirds
whose breeding ranges are centred around 60°N (Fumness 1988). In addition,
across its entire range the southern fimit of the Arctic skua's breeding distribution
shows a very close correspondence with the 14°C mean July isotherm (Furness
1988). It therefore appears that it is for physiclogical reasons that they breed no
further south.
1.1.3 Plumage polymorphism

Skuas (and to an extent also petrels, family Procellariidae) are wnnsual
amongst seabirds in that some species exhibit marked ventral plumage
polymorphism. All Stercorarius skuas and the south polar skua Catharacta
maccormicki, occur in several colour phases, ranging from dark through
intermediate to light, although darker morphs are extremely rare in long-tailed
skuas (Ainley ef al. 1985, PFurness 1987). Categorisation can however bhe
somewhat subjective given the degree of gradation within plumage types. For
Arctic skuas the ratio of birds of each colour phase shows a distinct cline with
latitude, pale phase birds increasing in the population from south to north
throughout the breeding range (O'Donald 1983). This implies that an important
selective advantage exists for genes associated with the pale colour morph in the
nosth and with the dark form in the southern areas. Numerous hypotheses have
been postulated as explanations for the existence of the cline, ranging from sexual
selection influenced by assortative mating, regulation of the timing of breeding,
the consequence of aggressive camouflage and / or aposiatic predator selection

during kleptoparasitism (Betry and Davis 1970, Andersson 1976, Arnason and
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Grant 1978, Furness and Furncss 1980, O'Donald 1983, Rohwer 1983), but in
fact none appears particularly convincing (see Furness 1987).

O'Donald and co-workers studying Arctic skuas on Fair Isle found several
important demographic correlates of phase (O'Donald 1983, 1987). Dark males
bred earlier in the season when they paired for the first time with a new female,
apparently as a consequence of sexual selection. However, pale birds recruited at
a younger age which partly offset the dark birds' selective advantage, There was
also some evidence for assoriative maling of the phenotypes but, rather
surprisingly, the prefercnce apparently differs depending on colony and vyear
{Bengtsen and Owen 1973, O'Donald 1983, 1987, Furness 1987). In addition,
although ODonald and Davis (1959) considered (in tite absence of a more
plausible explanation) that the phenotype was determined by the simple
mechanism of two alleles at a single genetic locus, the allele for melanic
colouration being dominant, population data on offspring and parent phenotypic
comparisons do not entirely support this, possibly due to a degree of
misclassification (O'Donald 1983), Despite this, by using a modelling approach
O'Donald (1983, 1987) concluded on the basis of demographic data that
heterozygotes suffered an overall selective disadvantage. Therefore, because the
frequency of the pale gene was lower than that which would produce an
equilibrium (albeit unstable), pale birds should rapidly be eliminated (O'Donald
1983, 1987). That this had not occured was attributed to a very high immigration
rate of pale birds from more northerly populations, thereby balancing their loss via
sexual selection

There was no detectable effect of colour phase on any aspect of the
breeding ecology of Arctic skuas on Foula during 1992-1994, including no
difference in the [aying dates of males of different colour phase breeding with new
partners in 1993 or 1994 (Table 1.1). Nor was there any evidence for assortative
mating (Table 1.2). It also appears unlikely that the immigration rate onto Foula 13

anywhere close to the 45% estimated for the Fair Isle population in the 1970s



(Chapter 8). Consequently, the influence of colour-phase on population dynamics
of Arctic skuas on Foula is considered to be negligible (al least at present) and is

not considered further in this thests.

Table 1.1. Timing of breeding of male Arctic skuas of different colour phase in

new partnerships formed on Foula in 1993 and 1994,

Colour phase n Laying date? Relative laying dateb
Dark 31 28.4+13 37413
Pale 11 25419 0.6x].8
T-test tyo=1.3, n.s, tip=1.3, n.s.

2 - days from | May £ 1 s.e, Y- days relative to the mean in each year =1 s.e.

Table 1.2. Number of pairs of Arctic skuas of different colour phase breeding
together on Foula, 1992-1994. Expected frequencies calculated according to the

proportion of dark:pale birds in the population as a whole.

Year Number: Observed

Dark x Dark x Pale x Total  cof expected

Dark Pale Pale frequency
1992 Observed 97 48 10 155 12=1.43, n.s.
Expected  94.54 53.02 7.43
1993 Observed 93 41 11 145 ¥2=4.12, n.s.

Expected  88.90 49.27 6.83

1994  Observed 84 43 7 134 %2=023, n.s.
Expected  83.00 4493 6.08




1.1.4 Status of Arctic skuas in the British Isles

Within Britain, the Arctic skua is the third rarest regularly breeding seabird
after the roseate tern Sterna dougallii, and little tern Sterna albifrons (Lloyd et
al. 1991). Around 92% of the population breed in the Northern Isles (Orlkney and
Shetland), with approximately 2-3% found in each of the Western Isles, Caithvess
and Sutherland (Lloyd e al. 1991). A 1992 census indicated that numbers in
Orkney had recently increased by approximately 2% since 1982 to a total of 1056
apparently occupied territories (AOTs), with larger colonies (>75 pairs) found on
Papa Westray, Westray, Eday, Rousay, Mainland, Flotta, and Hoy plus South
Walls (Ewins ef al. 1994). In Shetland numbers have declined by 1.8% since
1985-86, to a total of 1878 AQTSs in 1992 (Sears ef al. 1995). Large numbets
(>100 pairs) bred on Unst, Yell, Fetlar, Foula and Fair Isle, with Foula holding the
third largest colony (Sears ef al, 1995).
1.1.5 Feeding hahits and adapiations for Hepioparasitism

In more northerly latitudes (Alaska, Canada and northernt Russia), Arctic
skuas usually feed by predation, particularly of passerines but also of microtine
rodents, on eggs, insects and berries, and only rarely by Ideptoparasitisra (Maher
1974, Martin and Barry 1978, Birt and Cairns 1987). By contrast, in Britain they
obtain food almost solely by kleptoparasitism (Andersson 1976, Furness 1978,
1987, Caldow and Turness 1991). Kleptoparasitism is a somewhat unusual
foraging strategy, in which skuas, fiigatebirds (Fregatidae), sheathbills
{Chionidae) and some Larids and auks may spectalise (Brockman and Barnard
1979, Furness 1986, Thompson 1986). A comparison of skuas with guils however
indicates that skuas possess flight muscles with higher levels of oxidative and
glycolytic enzyme activity which presumably improves their kleptoparasitic
abilities (Caldow and Furness 1993),
1.1.6 Changes in sandeel availability in Shetlond waters

In Shetland, Arctic skuas obtain sandeels (mainly Ammodytes mariius),

from Arctic terns Sterna paradisaea, pofting Fratercula arctica, guillemots Uria



aalge, razorbills Alca lorda, and kittiwakes Rissa tridactyla (Andersson 1976,
Furness 1978, 1987, Caldow and Furness 1991). An industrial fishery for sandeels
started in Shetland in 1974 and reached a peak in 1982 with a landing of some
52,000 tonnes, although the fotal catch subsequently showed a considerable
decline (Wright and Bailey 1993). During the late 1980s there was a substantial
reduction in the recruitment of sandeels to the Shetland stock (Bailey et al. 1991,
Anon. 1994), and the fishery was closed in 1991. Research surveys undeitaken
since indicate that very poor recruitment during 1987-1990 (in the last years of
the fishery) was followed by relatively good recruitment in 1991, poor recruitment
in 1992, moderate recruitment in 1993 and poor recruitment again in 1994 (Anon,
1995). However, some of these estitnates (particularly the 1994 value) were based
on only a single research vessel index, and few trawls, and so should be ircated
with caution (Anon, 1995).

Although banned from January 1991 there was little conclusive evidence,
given the extreme uncertainties involved in the collection and analysis of fisheries
data, that the sandeel fishery had actually caused the recruitment failure (Wrighi
and Bailey 1993). Other large-scale environmental fluctuations have occured in
the North Sea and north-east Ailantic in the last 20-30 vyears. 'These include an
increase in the summer sea-surface temperature around Shetland, progressive
delay in initiation of the spring phytoplanktoa bloom, a decrease in zooplankton
abundance, an increase in the dinoflagellate Ceratium fuscus, and an increase in
the stock of herring Clupea harengus (Aebischer er al. 1990, Harris and Wanless
1990). In addition, recent studies suggest that all sandeels around northern
Scotland form a single large meta~population, with local populations periodicaily
augmented by influxes of larvae and recruiting (0-group) fish (Wright and Bailey
1993}. In particular, immigration of Orkney larvae may be important to Shetland
year-class strength. 1t may therefore be nearly impossible to predict probable
leveis of sandeel biomass and recruitment from year-to-year or to draw

conclusions retrospectively as to the agencies responsible for previous changes in




numbers. However, regardless of its origin, poor recruitment of sandecls in
Shetland waters during the late 1980s was implicated m the widespread breeding
failure of many of the seabirds on which the Arctic skua depends (Martin 1989,
Monaghan ez al. 1989, Harris and Wanless 1990, Bailey ef al. 1991).

1.2 Aims of the thesis

On Foula the number of occupied Arctic skua territories increased from
the mid to late 1970s but then underwent a subsiantial decline during the early
1980s until at least 1990, after which there was a slight recovery (see ¥Fig. 2.1).
This thesis examines the population ecology of Arctic skuas at Foula with
particular reference to recent changes in food supply. Chapter 2 (in press in 7bis)
investigates the relationship between the changes in sandeel abundance and
availability of kleptoparasitic hoéts, and parameters such as the population size,
net recuttment rate and breeding performance of Arctic skuas on Foula. C