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Common Guillemots Uria aalge are long-lived seabirds
with a low annual reproductive output; hence annual adult
survival is a significant parameter for the sustainability of
the population (Harris & Birkhead 1985, Hudson 1985).
Oiling, bycatches, and large-scale oceanographic and food-
web changes are commonly considered to be potential
major threats to adult Common Guillemot survival
(Takekawa et al. 1990, Vader et al. 1990, Piatt & Anderson
1996, Bakken & Falk 1998, Olsson et al. 1999, Osterblom
et al. 2002).

Avian cholera epizootic (caused by the bacteria
Pasteurella multocida) is characterized by affecting a large
number of species, annual recurrence of epizootics and an
increasing geographical area of occurrence (Botzler 1991,
Hindman et al. 1997, Friend et al. 2001). To our knowledge,
avian cholera has only been documented once before in
the Common Guillemot (Macdonald 1963), but in that
case the basis of bacterial identification was not clear (cf.
Botzler 1991). The first registered avian cholera epizootic in
Scandinavia was noted in 1996 in Denmark (Christensen
et al. 1997), but previous, undetected outbreaks cannot
be excluded. In Sweden, Common Eiders Somateria
mollissima, Herring Gulls Larus argentatus, Great Black-
backed Gulls L. marinus and Barnacle Geese Branta
leucopsis were all confirmed killed by Pasteurella multocida
(avian cholera) in 1998 (Persson 1998, R. Mattson, Swedish
National Veterinary Institute, pers. comm.). An estimated
5000 seabirds, on the island of Vistergarns utholme
(57°26'N, 18°06'E; 19 km north of the Common Guille-
mot colony at Stora Karlso), were killed between 1996 and
1998, probably as a result of avian cholera. The findings of
avian cholera in Common Guillemots reported in this
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study were probably part of this outbreak. In 1998, Common
Guillemots from Stora Karlsé were confirmed killed by
avian cholera (necropsy report: Jansson 1998). The disease
may have been transmitted from the Netherlands via
Denmark by migrating Common Eiders (Christensen et al.
1997, Persson 1998).

The aim of this study is to estimate the annual adult survival
probability of Common Guillemots ringed as breeding
adults, and to discuss different factors that may affect this
in the Baltic Sea, in particular avian cholera.

METHODS

Ringing and resighting

The study was performed on the island of Stora Karlsé
(57°17'N, 17°58'E) off the west coast of Gotland in the
Baltic Sea. This island hosts about 10 000 breeding pairs of
Common Guillemots, about two-thirds of the Baltic Sea
population. In 1997, 47, 30 and 34 breeding birds were
colour-ringed in three different areas (areas 1-3) on the
west coast of the island.

Searches for these birds were made each year between
1998 and 2002. Observations were made from above the
breeding ledges with minimal disturbance using binoculars
or a 20—-60 x 70 telescope. Because chicks are ringed annually
on the island, a certain proportion of the breeding birds
are ringed with metal rings only. On the focal ledges, we
checked almost all these rings annually to eliminate the
possibility that a ringed bird that had lost its plastic ring
was counted as being dead. We detected loss of plastic rings
in only six birds.

Survival analysis

On only two occasions, both in 1999, was an unobserved
individual later found to be alive. Therefore, the resighting
rate in this study was equal to one in all years but 1999.
This had the great advantage that survival could be
estimated very accurately. The computer program MARK
(White & Burnham 1999) was used to model resighting
rate and survival. Although birds were only resighted
rather than being physically recaptured, we refer to birds
that were resighted in a particular year as having been
‘released’ during that year. We started the analyses from
a model considering the effects of all variables of interest,
plus interactions. Starting with the largest dataset, we
modelled survival using the principle of parsimony, i.e. by
gradually reducing the number of parameters in such a
way that the model still provided a good representation
of the data (Lebreton et al. 1992). Model selection was
performed on the basis of a Quasi-Akaike’s Information
Criterion (QAICc), calculated as the deviance (-2 log
likelihood) of the model plus twice the number of param-
eters, weighted for sample size and overdispersion (Akaike
1973, Anderson et al. 2000). The variance inflation factor,
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c-hat, equalled 1.072, indicating a very good fit and little
overdispersion. We performed likelihood ratio tests (LRT)
to test for the effects of different variables on survival by
comparing two models, one including and one omitting
the variable of interest. Model notation follows Lebreton
et al. (1992), where the symbol @is used for survival, P for
resighting, and subscripts area and y are used to denote
effects of area and year, respectively. An asterisk between
two subscripts indicates the presence of an interaction
between the two effects, and a plus sign denotes that the
effects are additive. Particular models with dummy vari-
ables were used to address specific questions. For example,
the effect of the avian cholera outbreak in 1998 on survival was
investigated by replacing the variable time with a dummy
variable such that survival was only allowed to be different
for birds released in 1998 in two out of the three areas.

RESULTS AND DISCUSSION

Modelling revealed that annual survival was constant and
high at 93.7% [95% confidence limits (CL) 90.8-95.7],
except after the avian cholera outbreak in 1998, when
survival was much lower (x? =7.48, P < 0.01). More
specifically, survival was as low as 78.8% (95% CL 68.0-
86.6) in areas 1 and 2, whereas birds breeding in area 3 seemed
unaffected by the outbreak and survived as well as in normal
years. Except for this highly significant effect, differences
in survival among years and areas were not significant (see
Table 1 for modelling results and Fig. 1 for survival rates).

During the entire study we observed only one bird that
changed breeding ledge, confirming the high site fidelity
rate in Common Guillemots, which previously has been
estimated at 96% (Birkhead 1977) and 91% (Harris et al.
1996), and we think that site shift did not bias our
estimates of survival. The annual adult survival rate of 93.7%
estimated in this study is very similar to estimates from
other Common Guillemot studies (Hatchwell & Birkhead
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Figure 1. Annual adult survival rates for Common Guillemots
Uria aalge in the Baltic Sea for three different areas within the
breeding colony: (@) Area 1, (O) Area 2, ((J) Area 3. Bars denote 95%
confidence limits. Values are taken from model (@yeqsy» P1999 1+3)
(see text). Differences between areas and years are not signi-
ficant as the overlapping confidence limits suggest, with the
exception of the particularly low survival in areas 1 and 2 for birds
released in 1998 owing to an outbreak of avian cholera (see text).

1991, Sydeman 1993, Erikstad et al. 1994, Harris et al.
2000a, 2000b). However, the estimated adult survival
after the avian cholera outbreak in 1998 (see below) was
comparatively low, showing that such outbreaks can have
very profound effects on the population. Olsson et al.
(2000) estimated adult Common Guillemot survival in
the Baltic Sea by modelling ring recoveries in MARK and
found adult (birds 5 years or older) annual survival rates of
87-90% during the period 1962-89 but only 78% during
the period 1989-97. However, whereas our study investi-
gated birds ringed as adult breeders, the analyses of ring

Table 1. Analysing annual adult survival of Common Guillemots Uria aalge in the Baltic Sea in relation to area and year, using capture—
resighting modelling in program MARK. The order of models reflects the order in which they were run. Quasi-AICc and AICc weight for

the most parsimonious models for P and ¢ are shown in bold type.

QAICc
Model name QAICc weight NP LRT
Modelling P
1 (@arearyr Pareary) 320.102 0.001 27 ]
2 (@urearyr P1oog 143) 297.975 0.001 17 P in area 1 + 3 similar in 1999: 2 vs. 1: Xip =0.02, P=1.00
3 (Pyreary P 302.338 0.000 16 Lower P in 1999: 3vs. 2: x2 =6.52, P=0.01
Modelling @
4 ((parea+y, P 1999 143) 293.557 0.004 9 Interaction area*year: 4 vs. 2: x§ =12.58, P=0.08
5 (@yrear P19go 143) 296.109 0.001 5 Effect of year: 5 vs. 4: x2 =10.82, P<0.05
6 ((g,, P 1999 143) 292.052 0.010 7 Effect of area: 6 vs. 4: x% =2.65,P=0.27
7 (@ Piggg143) 294.675 0.002 3 Effect of area and year: 7 vs. 4: Xé =13.47, P<0.05
8 (@108' P1ggg 143) 289.228 0.040 4 Survival 1998 lower: 8 vs. 7: Xf =7.48, P<0.01
9 (Q1908 1420 P1999 143) 282.930 0.941 4
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recoveries by Olsson et al. (2000) mainly investigated
birds ringed as chicks. They therefore addressed a some-
what different subsample of the population, including
non-breeders and dispersers. Non-breeding adult Common
Guillemots appear to have a lower annual survival than
breeders (Harris & Wanless 1995). Moreover, if survival
probability increases with age well beyond the age of
5 years (Anderson et al. 1985, Martin 1994, Van der Jeugd
& Larsson 1998), this can explain the lower survival found
in recent years by Olsson et al. (2000).

Avian cholera

We found four of the individually ringed birds dead on one
breeding ledge in study area 1 in 1998. They had shown
signs compatible with avian cholera during the preceding
few days (Rosen 1971, Rhoades & Rimler 1984). Two of
these birds (one male and one female) were sent to the
Swedish National Veterinary Institute, where the bacte-
rium P. multocida was isolated from the liver and/or bone
marrow. Histological examination showed congestion in
most internal organs, polyserositis and a large number of
circulating bacteria in ovary, air sacs and pleura (necropsy
report: Jansson 1998).

Avian cholera is rare in Scandinavia and epizootics
similar in magnitude to those of North America have so far
been absent (see Botzler 1991). It is currently unclear to
what extent adult survival in Common Guillemots could
be affected by a major outbreak of avian cholera. Mortalities
in some local Common Eider populations in Denmark
were as high as 95% of the breeding females (Christensen
et al. 1997).

However, stochastic events such as avian cholera have
the potential to alter a population (size and/or structure)
unpredictably. Other variable but predictable mortality
factors can have an equally large impact on a population.
Because avian cholera may never have occurred in Scandi-
navia prior to 1996 (Christensen et al. 1997), the decrease
in adult survival between 1989 and 1997 observed by
Olsson et al. (2000) probably resulted from some other
factor (see below).

Sustainability

Common Guillemot adult survival in the Baltic Sea is
probably influenced by a number of interactive factors
that may be important at different times of the year, in
different years and in different geographical areas (this
study, Olsson et al. 1999, 2000, Osterblom et al. 2002).
In conclusion, adult survival is high in the absence of
avian cholera, which suggests that the population is sustain-
able at the current level of additional mortality caused by
bycatches and oiling. However, unpredictable catastrophic
events such as large avian cholera outbreaks or other diseases,
or a large oil spill in the vicinity of the colony, migration
routes or wintering area could have a large deleterious
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impact on the population. Knowledge of age at first breeding
and survival to breeding age are vital factors for population
modelling and future management decisions.
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