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Abstract. We used 8N and '°C analyses of blood, muscle, and liver tissues to evaluate
similarity of diet among five seabird species: Black Guillemot (Cepphus grylle), Black-
legged Kittiwake (Rissa tridactyla), Dovekie (Alle alle), Glaucous Gull (Larus hyperboreus),
and Thick-billed Murre (Uria lomvia) nesting at Coburg Island on the west and Hakluyt
Island on the east side of the North Water Polynya between Ellesmere |sland, Canada, and
northwest Greenland. We hypothesized that dietary differences should occur because the
two neighboring sites are subject to different oceanographic conditions, one result of which
is differential timing of spring open water. Relative trophic level, derived from tissue 3°N
values, ranged from 3.6 for Dovekie from Hakluyt Island to 4.7 for late-breeding-season
diets of Thick-billed Murre adults from Coburg Island. At Coburg Island, trophic level of
hatching year (HY) kittiwakes, murres, and Glaucous Gulls was higher than that for adults.
This pattern was not found at Hakluyt Island, where chicks of all species generally occupied
lower trophic positions. These findings suggest that lower-trophic-level prey were more
important to Hakluyt Island seabirds, possibly due to lower availability of arctic cod (Bor-
eogadus saida).
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Investigaciones Isotopicas de Aves Marinas en el Cana Aguas del Norte:
Contrastando |las Relaciones Troficas entre los Sectores Este y Oeste

Resumen. Usamos andlisis de 35N y 3%3C en tejidos sanguineos, musculares y hepa-
ticos para evaluar la similitud en la dieta entre cinco especies de aves marinas (Cepphus
grylle, Rissa tridactyla, Alle alle, Larus hyperboreusy Urialomvia). Estas especies anidan
en la Isla Coburg en el lado oeste y en la Isla Hakluyt en el lado este del Canal de las
Aguas del Norte, que se presenta libre de hielos y esta situado entre la Isla Ellesmere en
Canada y el noroeste de Groenlandia. Hipotetizamos que las diferencias en la dieta se
deberian a que los dos sitios vecinos estan sujetos a diferentes condiciones oceanograficas,
resultando en un gjuste temporal diferencial en la apertura de las aguas en primavera. El
nivel trofico relativo, derivado de los valores de 3'°N en los tejidos, fluctud entre 3.6 para
A. alle de la Isla Hakluyt hasta 4.7 para la dieta del final de la época reproductiva de
adultos de U. lomvia de la Isla Coburg. En la Isla Coburg, €l nivel tréfico de individuos
de R. tridactyla, U. lomvia y L. hyperboreus que eclosionaron ese afio fue mayor que €l
nivel de los adultos. No encontramos este patron en la Isla Hakluyt, donde los pichones
de todas las especies generalmente ocuparon posiciones troficas inferiores. Estos resulta-
dos sugieren que las presas de niveles troficos inferiores fueron mas importantes para las
aves marinas de la Isla Hakluyt, posiblemente debido a una menor disponibilidad de
bacalao del Artico (Boreogadus saida).
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INTRODUCTION

In polar regions, the seasonal occurrence and ex-
tent of ice-free areas, or polynyas, and the sub-
sequent availability of marine-derived nutrients
are expected to importantly influence the distri-
bution, relative abundance, and productivity of
seabirds and other vertebrates (Stirling 1980,
Stirling and Cleator 1981). In particular, the
North Water Polynya (NOW) in northern Baffin
Bay, one of the largest and most productive po-
lynyas in the northern hemisphere, is aregion of
immense biological activity and a focal point in
the transfer of energy from primary producers
to higher trophic levels in the eastern Canadian
Arctic (Stirling 1980, Hobson et al., in press).

Both sensible heat (i.e., upwelling or intro-
duction of warmer water) and latent heat (i.e.,
wind-driven) mechanisms contribute to the
opening and maintenance of the NOW, and these
processes play different roles in different areas
(Melling et a. 2001). Notably, the east side of
the polynya, along the northwest coast of Green-
land, opens earlier, primarily a result of warmer
Atlantic waters moving north along the Green-
land coast. The western side of the polynya
opens later and appears to be driven by latent
heat processes where wind clears the area of ice
following the formation of an ice bridge in Na-
res Strait (Barber et a. 2001). The differentia
timing of open water on the east and west sides
of the polynya may result in variation in the
availability of prey to seabirds. We speculated
that these oceanic conditions would be reflected
in differences in the diets of seabirds nesting on
opposite sides of the polynya (i.e., Coburg Is-
land on the west, and Hakluyt Island on the east
side of the polynya).

The study of seabird diet by conventional ap-
proaches in remote polar regions is often logis-
tically difficult (Hobson and Welch 1992, Hob-
son et a. 1994). A technique that can augment
conventional approaches to dietary or trophic-
level analyses in marine systems involves the
measurement of naturally occurring stable iso-
topes in food webs. This approach has been par-
ticularly useful in the study of seabird trophody-
namics (Rau et a. 1992, Hobson 1993, Hobson
et al. 1994, Cherel et al. 2000). In particular,
stable isotope analyses have been used to inves-
tigate both contemporary and historic trophic
positions of seabirds (Hobson and M ontevecchi
1991) and have been applied to a broad array of

tissues including eggs (Hobson 1995, Hobson et
al. 1997), feathers (Mizutani et al. 1990, Thomp-
son and Furness 1995, Thompson et al. 1995),
blood (Hobson and Clark 1993, Hodum and
Hobson 2000), and muscle (Hobson et al. 1994).
The primary principle underlying this approach
is that the relative abundance of the heavier sta-
ble isotopes of carbon (**C) and nitrogen (*>N)
available to consumers in marine systems
change according to a variety of biogeochemical
processes (Michener and Schell 1994). For car-
bon, slight enrichment in **C with trophic level
may occur, but more importantly, this isotope
appears to be generally more enriched in inshore
or benthic food webs compared with offshore or
more pelagic food webs (Hobson and Welch
1992, France 1995). For nitrogen, *N often
shows a stepwise enrichment with trophic level,
and the measurement of this isotope has been
used successfully in modeling trophic relation-
ships among a variety of marine food webs (Mi-
nagawa and Wada 1984, Fry 1988, Hobson and
Welch 1992, Rau et al. 1992).

Our study was part of alarger food web anal -
ysis of the North Water Polynya designed to pro-
vide an understanding of the role upper-trophic-
level vertebrates play in the carbon flux through
this system (Hobson et al., in press). We were
particularly interested in how seabird diet and
trophic level differs across the polynya in order
to evaluate the applicability of generalized mod-
els of trophic relationships. We focused on food
web samples throughout the polynya and on
sampling seabird species breeding at Coburg and
Hakluyt Islands. Here, we present the results of
our isotopic analyses of birds from these two
colonies. We suspected that differences in the
dynamics of the polynya at these locations
would trandate into different foraging strategies,
particularly the relative dependence on ice-as-
sociated fauna for food, but we formed no a
priori predictions. In addition to examining tro-
phic relationships among species and between
colonies, we aso wished to contrast trophic lev-
el within species, particularly between adults
and chicks. Studies using stable isotopes are
showing increasingly that chick diet cannot be
equated with adult diet and that clear trophic
segregation can occur between these age classes
(Hobson 1993, Hodum and Hobson 2000).

METHODS
STUDY SITES AND FIELD METHODS

The study was carried out in 1997 and 1998 at
two colonies about 220 km apart: Coburg Island
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FIGURE 1. Location of the study sites on the east
and west sides of the North Water Polynya. The black
area in the inset depicts the polynya at full opening,
extending almost from shore to shore. The dashed line
indicates the 200-m bathymetric contour.

(75°48'N, 78°25'W) at the entrance to Jones
Sound between Ellesmere and Devon Island in
the southwestern side of the NOW, and Hakluyt
Island (77°26'N, 72°42'W) in the Avanersuaq
(Thule) district of northwest Greenland (Fig. 1).
The seabird communities at these sites are de-
scribed by Birkhead and Nettleship (1981) and
Falk and Kampp (1997), respectively.

We used two methods for sampling seabirds
at colonies. When possible, birds were captured,
sampled for blood using brachial vein puncture,
and then released. Blood samples (ca. 1-2 mL)
were transferred immediately to vials containing
5 mL of 70% ethanol and stored (Hobson et al.
1997). Other individuals were shot and their
pectoral muscle and liver tissue sampled and
stored in vials with ca. 20 mL of 70% ethanol
(see Table 1 for details of sample sizes for bird
tissue-year combinations).

Reproductive stage of birds and tissues were
generally similar for collections made at Hakluyt
and Coburg Islands. We sampled murre chicks
a 7-12 days of age and adults during July
through early August, encompassing the pre-
hatch and early post-hatch periods. Black-legged
Kittiwake (Rissa tridactyla) chicks were sam-
pled at 3 weeks of age in 1997 at Hakluyt but
at about 2 weeks of age in 1998 at both sites.
Glaucous Gull (Larus hyperboreus) chicks were
sampled at approximately 3 weeks of age at both

sites. Black Guillemots (Cepphus grylle) were
sampled only at Coburg Island, July 25-27,
1997 and 1998. Adult Dovekies were sampled
only at Hakluyt Island, during July 1997 and
1998, during chick rearing. Small discrepancies
between timing of sampling at both sites and
between years were expected to be evened out
by the integrative nature of the stable isotope
technique, since all chick tissues represented
diet over their lifetime and for at least a month
for adult muscle or blood tissue (Hobson and
Clark 1992).

Most prey items were collected at sea from
the Canadian Coast Guard Vessel Pierre Radis-
son throughout the polynya in 1998 and were
frozen prior to analysis. We analyzed only those
prey samples collected during June and early
July at fixed sampling stations in the vicinity (60
km) of both colonies. We also collected and an-
alyzed sculpins (Triglops pingelii) brought to
murre chicks at Hakluyt 1sland.

STABLE ISOTOPE ANALY SES

As soon as samples were returned from the field
(approximately 1 month), ethanol was evaporat-
ed from blood and other tissue samples using a
drying oven at 60°C for 24 hr and then a freeze
dryer. Muscle tissue or whole organisms repre-
senting prey samples were cleaned in distilled
water and then freeze dried. All dried tissues
were powdered using a dental amalgam mill.
Lipids were extracted from muscle tissue using
a 1:2 methanol:chloroform rinse and then dried
for 24 hr in a fume hood. Powdered samples
were loaded into tin cups and combusted in a
Robo-Prep elemental analyzer at 1800°C. The
resultant gases were separated and analyzed in
a Europa 20:20 continuous-flow isotope ratio
mass spectrometer (CFIRMS) for stable-carbon
and nitrogen isotope ratios on the same sample.
CFIRMS automatically measures sequences of
samples and reference material for isotopic com-
position. We used two laboratory standards (egg
albumen) for every five unknowns in sequence.
Stable-isotope ratios were expressed in §-nota-
tion as parts per thousand deviation from the in-
ternational standards PDB (carbon) and AIR (ni-
trogen). Measurement precision for §%2C and
3N values was estimated to be *+0.1%. and
+0.3%o, respectively.

Isotopic fractionation factors, or the relation-
ship between the stable isotope ratio in diet and
that in the tissue of a consumer, can depend on
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TABLE 2. Comparison of mean (= SD) isotopic value for food web components collected within 60 km of
Coburg and Hakluyt Islands, showing similarity between local food webs. Sample size refers to number of
sampling stations within range of each colony. Each sample represents a bulk sample consisting of severa (>5)

individuals.
Species Colony n 315N (%) Range (%o) 313C (%o) Range (%o)
Calanus hyperboreus Hakluyt 5 6.9 + 0.3 6.3t07.3 -232 *+ 05 —-23.6t0 —22.3
Coburg 12 72 = 0.6 6.51t0 8.3 -231+ 07 —245t0 —224
Metridia longa Hakluyt 3 8.7+ 05 851t09.3 -233 =03 —23.7t0 —22.9
Coburg 7 9.1+ 03 8.8109.2 -232*+0.2 —24.0to0 —229
Themisto libellula Hakluyt 3 95+ 11 8810100 —-229=*04 —2341t0 -22.7
Coburg 26 97 =12 5.7t0 11.6 -221+ 0.8 —24.5t0 —20.7
Boreomysis arcticus Hakluyt 8 102 = 04 9.7 to 11.3 -22.6 = 0.3 -235t0 —22.0
Coburg 32 103*04 9210113 -229 * 0.6 —2421t0 -215
Euchaeta glacialis Hakluyt 3 116 = 0.6 109to 12.2 -243 = 05 -24.91to0 —23.9
Coburg 5 11.7 = 04 114 to 11.9 —-241 04 —24.8to —23.7
Clione sp. Hakluyt 4 9.3+ 10 80t0100 -245=*15 —26.0t0 —22.9
Coburg 5 95+ 05 8.91to0 10.2 -26.4 + 1.3 —-2821t0 —25.1
Chaetognaths Hakluyt 5 105=*09 101t0 116  —228 = 0.7 —237t0 -219
Coburg 16 101 = 0.6 8910 10.9 -234 = 05 —245t0 —225

the tissue of interest. For this reason, in order to
evaluate trophic level of seabirds, we used a
model based on 8N values which incorporated
tissue-dependent isotopic relationships (Hobson
1993). This allowed the comparison of seabirds
for which we had isotopic values for different
tissue types using the common currency of tro-
phic level. We obtained sufficient samples of in-
vertebrates from east and west sides of the po-
lynya to alow us to evaluate the isotopic simi-
larity of food webs involving seabirds at Hak-
luyt and Coburg Islands. We assigned the
copepod Calanus hyperboreus a trophic level of
2.0 (Hobson and Welch 1992) and used a diet-
tissue isotopic fractionation factor of 2.4%. for
seabird muscle, 2.3%o for liver (Mizutani et al.
1990) and 3.1%o for blood (Hobson and Clark
1993). Trophic level was derived according to
the relationship developed in Hobson et al.
(1994). This was based on the assumption that
a bird feeding exclusively on C. hyperboreus
would occupy TL 3.0 and have a tissue 8N
value of 8N, + Ay, where 3N, is the isotopic
ratio corresponding to C. hyperboreus, and Ay
the isotopic fractionation factor between seabird
tissue and diet. Thus:

| 95N, — (N, + Ay)]
38

where 3N, is the stable-nitrogen isotope ratio
of bird tissue and 3.8 corresponds to the average
trophic enrichment factor expected for arctic
marine food webs (Hobson and Welch 1992).

TLyy = 3 )

Our extensive analysis of food web components
in the NOW indicates that the best average value
for C. hyperboreus is 7.9%0 (n = 80) with little
variation between Hakluyt and Coburg regions
(Table 2; Hobson et a., in press). Our TL values
for birds feeding exclusively on diets of C.
hyperboreus, the amphipod Themisto libellula
(mean polynya 8N = 9.7 + 0.1%o0, n = 106),
and Boreogadus saida (arctic cod, mean (3N
= 14.0 = 0.2%0, n = 8) are 3.0, 3.5 and 4.6,
respectively. For statistical comparisons, we
converted 3N data to trophic level and used
ANOVA with a level of significance of P <
0.05. Means are presented = SD.

RESULTS
TROPHIC LEVEL

Seabird trophic level varied among species and
age class and also between colonies (Fig. 2). At
Coburg Island, Black Guillemots showed no dif-
ference in patterns of trophic level between
years (Fye = 0.3, P = 0.61; Table 1). Their diet
did differ within a breeding season, where short-
term diets inferred from liver data indicated
higher trophic level than longer-term diets in-
ferred from muscle data (Fie = 11.7, P =
0.001).

The overall trophic-level model for Black-leg-
ged Kittiwakes including year, age, colony, and
tissue was significant (Fg,5, = 20.4, P < 0.001)
with al effects significant (P < 0.014 for all
cases) but tissue (F,;5, = 1.5, P = 0.24). No
statistical difference in tissue suggests that there
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. Adult
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Coburg Island

DOVE BLGU BLKI

Trophic level

100% arctic cod

100% amphipod
100% copepod

100% arctic cod

DOVE BLGU BLKI

100% amphipod
100% copepod
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FIGURE 2. Trophic relationships among seabirds from Coburg (west of the polynya) and Hakluyt (east of the
polynya) Islands. For reference, the horizontal lines indicate the positions a hypothetical seabird would occupy
if its diet consisted of 100% of the indicated prey item. Data for blood and muscle were combined to give
estimates of average breeding-season trophic position, and these estimates were averaged over the two years of
the study. BLGU = Black Guillemot, BLKI = Black-legged Kittiwake, DOVE = Dovekie, GLGU = Glaucous

Gull, TBMU = Thick-hilled Murre.

was no trophic shift among kittiwakes within a
breeding season. A significant interaction was
found between colony and age (P = 0.02), since
at Coburg HY birds had significantly higher tro-
phic level than adults (F,,,, = 64.1, P < 0.001).
This pattern was not seen at Hakluyt (F, ;3 = 0.1,
P = 0.82). At Coburg, adult kittiwakes had sig-
nificantly higher trophic level in 1998 compared
with 1997 (Fy, = 9.9, P = 0.002). No year
effects were noted at Hakluyt (Fy5 = 0.3, P =
0.59).

Our trophic model for Thick-billed Murres
was significant (Fy4.5; = 50.3, P < 0.001). All
effects with the exception of colony (P = 0.14)
were significant at P < 0.005. The only signif-
icant interaction was between age and tissue (P
= 0.04). At Coburg, age had a significant effect

on murre trophic level (F, 75 = 95.3, P < 0.001)
with higher relative trophic level for HY birds
compared to adults. At Hakluyt, we found an
opposite effect with HY birds occupying lower
relative trophic level compared to adults (Fys, =
20.7, P < 0.001). Tissue of Hakluyt birds also
significantly influenced trophic level (F,5; = 4.7,
P = 0.01), an effect driven by the high adult
trophic level inferred from liver data compared
to other tissues. Sculpins (n = 9) brought to
murre chicks had a mean 8°N value of 15.2 +
0.7%o0 and a mean §°C value of —19.1 = 1.0%eo.
Our food web model placed sculpins at TL 4.9.

The overall model for Glaucous Gull was sig-
nificant (F,,, = 9.2, P < 0.001), and this was
driven by colony differences (F,,, = 14.9, P <
0.001). HY birds at Hakluyt occupied a lower
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trophic position than HY birds at Coburg (F s
= 5.1, P < 0.001). In turn, HY birds at Coburg
had higher trophic positions compared to adults
at Coburg (F,, = 25.4, P < 0.001).

Dovekie adults from Hakluyt Island showed
higher short-term trophic level based on liver
compared to those based on muscle or blood tis-
sues (Fg7 = 24.1, P < 0.001).

STABLE-CARBON ISOTOPE

In contrast to our seabird 8°N data, §3C values
showed less variation within and among species
(Table 1). Our overal model that included spe-
cies, year, colony, age, and tissue was significant
(Fsgse0 = 27.3, P < 0.001) with significant ef-
fects of species (F,g5 = 106.7, P < 0.001) and
year (Fisg = 7.4, P = 0.001), and significant
interactions between species and year (P <
0.001), species and age (P < 0.001), year and
age (P = 0.02), and species and tissue (P <
0.001). Considering a model including only the
effects of species and year, we determined that
Black-legged Kittiwakes had lower 33C values
than al other species (mean = SD: —19.7 =
0.6%0, n = 152), Dovekie and Thick-billed
Murre did not differ from each other but differed
from all other species (both means —19.3 *=
0.5%0, n = 79 and 251, respectively) and Glau-
cous Gull and Black Guillemots had similar 3°C
values (mean —18.9 + 0.4%0, N = 41, and —18.6
+ 0.5%0, n = 66, respectively) that were higher
than all other species. Year effects on 33C val-
ues were slight with 1997 having lower values
than 1998 on average by 0.2%o.

DISCUSSION

Our study follows from previous isotopic at-
tempts to understand trophic interactions of sea-
birds in high-latitude marine environments (Rau
et al. 1992, Hobson 1993, Hobson et al. 1994,
1995, Hodum and Hobson 2000). Using stable
isotope analyses of various tissues from five sea-
bird species breeding at Coburg and Hakluyt Is-
lands, we compared diet among these colonies
and between age classes within species. This ap-
proach was possible because we confirmed that
the isotopic signatures of both food webs were
comparable (Table 2) and we used tissue-specif-
ic models to calculate trophic level, thus alow-
ing severa tissue types to be considered. Al-
though such an approach depends on assump-
tions concerning isotopic fractionation factors
between diet and various bird tissues, these were

based on captive-rearing studies and are ssmply
the best estimates we have currently (Mizutani
et al. 1990, Hobson and Clark 1992, Hobson and
Welch 1992). Further studies may provide the
opportunity to modify our present estimates. Be-
low, we consider dietary insights provided for
each species.

BLACK GUILLEMOT

Data on this species were available only for
adults from Coburg Island. In both years, we
found an identical pattern of liver tissue pre-
dicting higher trophic level than muscle tissue.
Because liver represents a short-term dietary in-
tegration over about a week and muscle over a
few months (Hobson and Clark 1993), we inter-
pret this to indicate that guillemots feed to a
greater degree on invertebrates earlier in the sea-
son and then switch to more fish during the
breeding period. Invertebrates associated with
ice pans or ice edges are expected to be more
abundant or available to seabirds earlier in the
season than during breeding (e.g., Bradstreet
1980). Hobson (1993) similarly determined that
guillemots breeding in Lancaster Sound showed
increasing relative trophic level from spring
through the breeding season when benthic fish
were common in diets. Benthic foraging was
also suggested by the generally enriched 32C
values of guillemots compared to Dovekie, kit-
tiwakes, and murres. Previous observations of
30 feedings to Black Guillemot chicks on Co-
burg Island in 1998 (separate birds) support our
isotopic data (24 sculpins, 2 Greenland shrimp
[Pandalus borealis], 2 gunnels [Pholidag], 1
capelin [Mallotus villous], and 1 arctic cod; Ro-
bards et a. 2000).

BLACK-LEGGED KITTIWAKE

Adult kittiwakes breeding on Coburg Island oc-
cupied the lowest relative trophic level of all
birds examined there. Their trophic level of 4.0
was consistent with a diet of secondary (carniv-
orous) zooplankton or a mixture of primary zoo-
plankton (e.g., copepods) and tertiary fish (e.g.,
arctic cod). We noted that many stomachs con-
tained mysids (Mysis oculata) and these were
modeled as TL 2.7 for the NOW by Hobson et
a. (in press). Thus, an exclusive diet of mysids
would result in kittiwakes occupying TL 3.7.
Chicks occupied a higher relative trophic lev-
e than adults on Coburg Island, a result found
previously for kittiwakes nesting on Browne Is-
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land, Nunavut, Canada (Hobson 1993). The
chick trophic level of 4.5 would be consistent
with an exclusive diet of arctic cod (Hobson and
Welch 1992, Hobson et al., in press). This sug-
gests that adults selectively fed fish to their
young, while consuming more invertebrates
themselves. The pattern of differential provi-
sioning of chicks was not apparent at the Hak-
luyt colony where adults and chicks both occu-
pied a lower trophic position. Our data suggest
that adult kittiwakes at Hakluyt and Coburg oc-
cupied a similar relative trophic level, but chicks
at Hakluyt consumed more invertebrates than
chicks at Coburg. The relatively low 3C values
of Hakluyt kittiwakes compared to other species
there suggests kittiwakes generally fed on more
offshore or pelagic prey, especially compared
with guillemots at Coburg and Glaucous Gulls
at both sites.

THICK-BILLED MURRE

On Coburg Island, adult murres occupied a rel-
ative trophic level of about 4.0 during both
years, suggesting significant input of inverte-
brates in addition to planktivorous fish such as
arctic cod. In contrast, chicks were fed higher
trophic-level prey (mean prey TL 3.7), reflecting
their observed diet which was dominated by arc-
tic cod (Gilchrist et al., unpubl. data). This pat-
tern was seen previously for this species nesting
on Prince Leopold Island, Nunavut, where it was
assumed that adults fed themselves more The-
misto libellula amphipods and preferentially
provisioned their chicks arctic cod (Hobson
1993).

Thick-billed Murres nesting on Hakluyt Is-
land showed a different pattern to those on Co-
burg. While adult trophic level was about the
same in 1997, suggesting a diet which included
amphipods, it was significantly higher at Hak-
luyt in 1998, at least in the short term, as evi-
denced by analysis of liver tissue. In addition,
in 1997, we found no evidence that chicks were
fed higher trophic-level prey compared with
adults. Preliminary analyses of chick-feeding
observations confirmed that at Hakluyt Island
sculpins and blennies (Lumpenus sp.) made up
about one-third of the chick meals, while hardly
any species other than arctic cod were noted at
Coburg Island (Gilchrist et al., unpubl. data).
Similarly, adult diet in a sample from 1997 con-
sisted mainly of arctic cod but with about 12%
(by number) of prey being sculpins (Falk, un-

publ. data). Based on isotope data, sculpins were
higher in trophic level than arctic cod (4.9 vs.
3.6), and their inclusion in the diet would result
in higher murre TL and more enriched 3'3C val-
ues. This would explain higher TL of Hakluyt
adult murres in 1997. However, our estimate of
Hakluyt chick TL of 3.9 in 1998 suggests little
sculpin in the diet.

GLAUCOUS GULL

Adult Glaucous Gulls breeding on Coburg Is-
land had a similar trophic level to murres and
kittiwakes. Again we found evidence for adults
provisioning chicks higher trophic-level prey
than adults consumed themselves, a phenome-
non recorded also at Prince Leopold Island
(Hobson 1993). Gulls breeding solitarily at sea-
bird colonies are typically speciaist feeders on
the eggs and chicks of other seabirds such as
murres and kittiwakes (Gilchrist and Gaston
1997, Gilchrist et al. 1998). However, that Glau-
cous Gull chicks had a similar trophic level to
murre chicks suggests that gull chick diets were
a combination of murre eggs, marine fish, and
invertebrates with perhaps only occasional
murre or kittiwake chicks. This pattern may
change as gull chicks grow and more murre or
kittiwake chicks become available. The gener-
aly enriched 33C values for Glaucous Gull re-
flects either more inshore foraging (as with the
Black Guillemot) or the consumption of higher
trophic-level prey, or a combination of these fac-
tors.

At Hakluyt, we were able to obtain data only
for Glaucous Gull chicks. Their trophic level of
4.2 was comparable to those of adult murres and
kittiwakes at this colony, but we have no evi-
dence that they were provisioned higher trophic-
level prey compared to adults. We observed that
Glaucous Gulls at Hakluyt Island, including the
large chicks, fed extensively on adult Dovekies.
Because gull TL was not a full step higher than
that of Dovekies, gull chicks were fed lower TL
prey as well.

DOVEKIE

Dovekies were available only from Hakluyt Is-
land on the Greenland side. As expected, this
largely planktivorous acid occupied the lowest
trophic position of al seabirds examined. The
higher trophic level found for liver vs. muscle
or blood suggests that, at the time of collection,
birds had switched to a diet containing more sec-
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ondary zooplankton, likely from Calanus hyper-
boreus (TL 2.0) to one containing more C. gla-
cialis (TL 2.3) or Themisto libellula (TL 2.5;
Hobson et al., in press). In fact, a relative in-
crease in the proportion of C. glacialis compared
to C. hyperboreus was recorded in the chick diet
at Hakluyt Island as the season progressed (Pe-
dersen and Falk 2001). The generally lower 33C
values compared to other species reflects the
more consistent pelagic foraging behavior of this
Species.

IMPLICATIONS

Based on our isotopic investigations and person-
al observation of stomach samples, invertebrates
such as mysids, copepods, and amphipods con-
stituted a large percentage of the diets of adult
seabirds using the North Water Polynya. This
finding agrees with previous studies of other
high-latitude seabird communities (Rau et al.
1992, Hobson and Welch 1992, Hobson 1993,
Hobson et al. 1994). In relatively simple Arctic
marine food webs, the exploitation of lower tro-
phic-level prey is likely a more stable strategy
than specialization on higher trophic-level prey
that may fluctuate in abundance or be more un-
predictable in time and space (Sanger 1987).
With the exception of Dovekie and possibly
Glaucous Gull, all of the seabirds we examined
in the NOW show an ability to readily exploit
invertebrates as well as fish. Thislack of dietary
specialization may provide greater stability in
such stochastic environments. Nevertheless,
murres, kittiwakes, and gulls at Coburg Island
provisioned their chicks higher trophic-level
prey than they fed themselves, suggesting that
the role of arctic cod at that colony was a sig-
nificant determinant of annua breeding success
asit is at Prince Leopold Island, Nunavut (Gas-
ton and Nettleship 1981, Hobson 1993). Other
studies have similarly noted trophic segregation
between adults and chicks (Hobson 1993, Ho-
dum and Hobson 2000, Forero et al., in press),
and this is undoubtedly related to the need for
high-nutrition foods for growing chicks com-
pared with adults. Both the nature of the prey
species and their fat and caloric contents have
been identified as factors influencing growth
rates of two species of abatross (Prince and Ric-
ketts 1981) and the chicks of Jackass (Sphenis-
cus demersus) and Yellow-eyed Penguins (Me-
gadyptes antipodes; Heath and Randall 1985,
van Heezik and Davis 1990).

Recent investigations of arctic cod in the
NOW suggest that this prey species may be
more abundant on the west side of the polynya
and may favor shallow banks to the northeast of
Coburg Island, within foraging range of murres
and other seabirds breeding there (Ringuette et
a., unpubl. datd). Thus, athough phytoplankton
and zooplankton blooms occur earlier on the
east side of the NOW compared to the west side
(Mei et a., unpubl. data), factors occurring later
in the season, namely movement and availability
of arctic cod, may ultimately influence foraging
behavior or energetics of birds provisioning
chicks. For example, among chicks of Kitti-
wakes, murres, and gulls occurring on both sides
of the polynya, those on the east side generally
fed at lower trophic levels compared with those
on the west. The early opening of the polynya
on the east side may favor invertebrate popula-
tions that exploit earlier carbon fixation through
phytoplankton growth compared to the west
side. However, while an earlier pulse in inver-
tebrate biomass on the east side favors the zoo-
planktivorous Dovekie, adult kittiwakes and
murres may be at a disadvantage during the
chick-rearing stage, when arctic cod is not avail-
able for chicks. In place of arctic cod on the east
side of the polynya, sculpins may be used by
adult murres and chicks in some years, but such
prey likely require different foraging strategies.
This is supported by findings that foraging effort
was higher for chick-rearing Thick-billed
Murres at Hakluyt Island than for Coburg birds
in 1998 (Falk et a., in press). Finally, our find-
ings indicate that in addition to accounting for
differences between age groups within species,
a generalized trophic model for seabirds using
the North Water Polynya should ideally be re-
fined to include trophic differences between east
and west sectors.
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