
MARINE ECOLOGY PROGRESS SERIES
Mar Ecol Prog Ser

Vol. 224: 305–309, 2001 Published December 19

Large-scale oceanographic changes with conse-
quences for marine birds have been observed in many
places, for example in the North Sea (Aebischer et al.
1990), off the coast of California (Ainley et al. 1995,
1996, Veit et al. 1996), off the coast of British Columbia
(Bertram et al. 2001) and in the Gulf of Alaska (Piatt &
Anderson 1996, Anderson & Piatt 1999).

Cairns (1987) predicted that breeding parameters for
seabirds, such as chick growth, are sensitive to low
food availability; however, when seabirds are able to
switch to alternative prey, availability of preferred
prey could vary considerably before changes in chick
growth occur. Chick growth and/or fledging body
mass have been shown to correlate with availability of
preferred food for several seabird species (rhinocerous
auklet Cerorhinca monocerata: Bertram & Kaiser 1993;
Atlantic puffin Fratercula arctica: Barrett et al. 1987,

Anker-Nilssen & Øyan 1995; king penguin Apteno-
dytes patagonicus: Olsson 1997; common tern Sterna
hirundo: Greenstreet et al. 1999). Feeding rates and
chick growth for common guillemot chicks were un-
affected despite large fluctuations in availability of
preferred prey at colonies where alternative prey was
available. This was because the parents compensated
for a low abundance of prey by spending more time
foraging and less time resting at the breeding site
and/or by taking alternative prey (Burger & Piatt 1990,
Zador & Piatt 1999). The common guillemot is thus rel-
atively insensitive to changes in available prey when
alternative prey sources are available.

However, in the Shetland Islands where common
guillemots depend on 1 type of food, chicks of a given
age were heavier in a year when food was more abun-
dant and feeding rates were higher (Uttley et al. 1994).
This suggests that food availability in the poor year
was below the threshold value for normal chick growth
and that the adults were not able to compensate for the
low food availability by increasing foraging activities.

Common guillemots in the Baltic Sea feed their
chicks almost exclusively with sprat (Hedgren 1976).
The stock of sprat in the Baltic Sea in 1998 was roughly
twice that of 1975 (Anonymous 2000a). The most dra-
matic changes in sprat spawning biomass occurred
during the nineties, when it increased more than 4-fold
between 1989 and 1997, from 362 000 to 1 485 000 t
(Anonymous 2000a). The spawning biomass in 2000
was estimated to be 868 000 t (Anonymous 2000a).

The increase in abundance of sprat has been sug-
gested to be mainly a result of low mortality due to
reduced predation pressure from cod Gadus morhua,
as this species has decreased dramatically since
the late 1980s (Kaljuste 1999, Anonymous 2000a,b,
Hjerne 2000). The dominating fish in the Baltic Sea
system has hence changed from cod to clupeids (sprat
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and herring Clupea harengus), which therefore has
implications for the entire ecosystem. Sprat is of
increasing commercial importance in the Baltic Sea
and catches increased more than 5-fold in the 1990s
(Anonymous 2000a). The condition of sprat is related
to abundance of zooplankton, which in turn is
affected by hydrological processes in the Baltic Sea,
e.g. salinity (Raid & Lankov 1995, Flinkman et al.
1998, Vourinen et al. 1998, Kaljuste 1999). The sur-
face salinity in the central Baltic Sea has decreased
between 1980 and 1998 (J. Rohde pers. comm.). In
this paper, we investigate the fledging body mass of
common guillemot chicks leaving the colony at Stora
Karlsö in 1989, and between 1991 and 2000, in order
to determine whether the change in prey density has
affected chick fledging body mass.

Methods. Ringing and weighing of common guille-
mot chicks on Stora Karlsö (57° 17’ N, 17° 58’ E) were
performed during the last week of June or the 1st week
of July in all years. Ringing was performed in the same
part of the colony every year during the peak of the
fledging period. Chicks were caught on their way from
the nest site to the sea. The number of chicks ringed
and weighed varied between years (range 208 to 790,
except for 1 yr when only 46 chicks were ringed and
weighed due to less ringing activity). Hedgren (1979)
found that mean fledging body mass of chicks fledging
at Stora Karlsö decreased by an average of 2.6 g d–1

after the median fledging date. Thus, chicks fledging
early or in the peak of the fledging season weighed
more than those fledging later. To decrease the effects
of a lower mean fledging body mass due to this sea-
sonal variation, chicks weighed after 4th July were
excluded from the sample. We thus conclude that all

chicks included in the analysis were weighed at or
near median fledging date (Hedgren 1979).

Hedgren (1979) found that pre-breeding climatic
condition for adults (February to May) affected the
timing of breeding (i.e. warm spring = early breeding).
Multiple regression analyses were used to investigate
the relationships between fledging body mass of com-
mon guillemot chicks and mean deviation from long-
term average air temperature in February to May and
also in June. All temperatures were measured at Visby
airport (the nearest weather station) and provided by
the Swedish Meteorological and Hydrological Insti-
tute. Long-term average air temperatures were deter-
mined from 1961 to 1990. Body mass measurements
were adjusted by means of ANCOVA, and log-linear
simple regression analyses were used to estimate the
temporal trend of body mass.

All information on sprat spawning biomass and con-
dition (mean body mass at different ages) is according
to official ICES statistics and relates to studies of sprat
made in the fall of every year, i.e. after the common
guillemot breeding season.

Results and discussion. Results showed a negative
correlation between fledging body mass and deviation
from long-term average air temperature of June (p <
0.006) but no correlation (p > 0.05) for mean deviation
from long-term average air temperature of February to
May. Analyses also demonstrated that: (1) unadjusted
body mass over time decreased significantly (p < 0.019)
by 0.81% yr–1; (2) body mass for each year adjusted for
deviation from long-term average air temperature of
June, decreased (p < 0.006) by 0.62% yr–1 (Fig. 1); and
(3) to see whether leverage effect of the low average
body mass of 1999 had a decisive influence on the
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Fig. 1. Common guille-
mot chick fledging
body mass adjusted for
deviation from long-
term average air tem-
perature of June. Sam-
ple sizes are indicated

in the figure
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analysis, we did the same regression analysis as in
point 2 but without including the 1999 data in the
analysis, this also resulted in a significant decrease (p <
0.008) of 0.44% yr–1. We conclude that there is a sig-
nificant decrease over time of about 0.5% yr–1. This
corresponds to a decrease of mean fledgling body mass
of about 15 g, (6%) since the beginning of the 1990s.
The average fledging body mass in the beginning of
this study (early 90s) was similar to average fledging
body mass found during the 1970s (i.e. 253.7 g, Hed-
gren 1979) indicating that the decrease in fledging
body mass started recently.

Common guillemots spend relatively little time
together at the breeding site when food is scarce and
relatively more time when food is abundant (Burger &
Piatt 1990, Monaghan et al. 1994, Uttley et al. 1994,
Zador & Piatt 1999). Breeding pairs of common guille-
mots at Stora Karlsö spent a lot of time together at the
breeding ledge in 1998 (pers. obs), suggesting that
they were not under food stress, but had a large
amount of time available for additional foraging. In
addition, durations of feeding trips in 1998 were short,
indicating that food was easily accessible (pers. obs.).
However, this study suggests that in recent years, the
chicks have received less energy from the food. Diges-
tive constraints and net energy gained from the
ingested food could explain why the chicks are not fed
more when the parents are not foraging at a maximum
rate and food is easily accessible. Digestive constraints
experienced by the chick may determine the amount
of food delivered by the parent. Atlantic puffins
respond to the nutritional state of their chicks (Harris
1983, Johnsen et al. 1994, Wernham & Bryant 1998) but

it is unknown whether guillemots respond in a similar
way. Physical satiation appeared to limit food intake
more efficiently than any other stimuli for steller sea
lions Eumetopias jubatus (Rosen & Trites 2000).

The marine fish community structure in the Gulf of
Alaska ecosystem has undergone large changes as a
consequence of a shift in ocean climate (Anderson &
Piatt 1999). Steller sea lions in this area have switched
from high-energy prey (herring) to low-energy prey
(pollock Theragra chalcogramma), which has nega-
tively affected the sea lion population (Rosen & Trites
2000). Captured sea lions fed exclusively with pollock
were unable to maintain their weight as a result of the
low energy gained and the cost of digestion. It was cal-
culated that they needed to consume 35 to 80% more
pollock than herring in order to maintain a comparable
net energy intake (Rosen & Trites 2000). This has been
referred to as the junk-food hypothesis. Common
guillemots in the Gulf of Alaska have also switched
prey type, coupled with population declines (Piatt &
Anderson 1996). Common guillemots are specialised in
feeding on readily digestible, energy dense food and
have a relatively fast and inefficient digestion (Hilton
et al. 2000a,b). Common guillemots fed with low-
energy pout Trisopterus esmarki were unable to main-
tain body mass (Hilton et al. 2000a).

The condition (measured as body mass at a given
age) of sprat in the Baltic Sea was relatively stable
between 1974 and 1989 when the population was cor-
respondingly stable (spawning biomass). However, the
population increased dramatically in the 1990s and the
condition of different age classes of sprat decreased by
an average of 40% (Fig. 2). Changes in growth for
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Fig. 2. The condition (mean
weight at age) for sprat in
the Baltic Sea, age classes 2
(S), 4 (H), 6 (E), and 8 yr
and older (d). All data from

Anonymous (2000a)
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herring and sprat in the Baltic Sea show similar trends
although the deteriorated condition of herring was
evident earlier (Kaljuste 1999, Anonymous 2000a).
Changes in herring condition has been attributed to a
decline in biomass of preferred zooplankton (Flinkman
et al. 1998). The 2 species feed, in part, on the same
species of zooplankton (Rudstam et al. 1992, Arrhenius
1996, Raid & Lankov 1995). Energy density in fish is
determined mainly by the fat content (Hilton et al.
1998, 2000b). The fat content of herring in the Baltic
Proper has decreased dramatically since the late 1970s
until today (Ådjers et al. 2000). It is possible that the fat
content and hence energy density of sprat has de-
creased as well.

During the last half of the 1990s, mean weight at age
for all age classes of sprat in the Baltic Sea was below
the average weight of sprat taken by guillemots in
1975, which was 13.3 g. (Hedgren 1976; Fig. 2). Energy
density has been shown to increase with size for sprat
(Arrhenius 1998, Hilton et al. 1998); hence, during
recent years, guillemots at Stora Karlsö were forced to
prey on smaller sprat containing a lower energy
density. The change in fledging body mass, which
coincides with the deteriorated condition of sprat,
clearly suggests a decrease in the daily calorific intake
and net energy gained by the chick. The calculated
daily calorific intake for common guillemot chicks at
Stora Karlsö in 1975 was 368 kJ (Harris & Wanless
1985). The present daily calorific intake for common
guillemot chicks in the Baltic Sea is not known.

This study clearly indicates that changes in the Baltic
Sea zooplankton and fish fauna have affected common
guillemot fledging body mass in this area.
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