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ABSTRACT.—We examined variation in growth of
Black Brant (Branta bernicla nigricans) goslings
among two colonies on the Yukon-Kuskokwim Delta
in southwestern Alaska and the Colville River Delta
on Alaska’s Arctic coast. We simultaneously mea-
sured abundance and quality of a key food plant,
Carex subspathacea, and grazing pressure on that
plant at the three colonies. Our goal was to measure
variation in gosling growth in relation to variation in
grazing pressure and food abundance because
growth of goslings is directly linked to first-year sur-
vival, and consequently is the principal mechanism
for density-dependent population regulation. Gos-
lings grew substantially faster on the arctic coast and
were nearly 30% larger than those on the Yukon-
Kuskokwim Delta at four to five weeks old. Faster
growth on the arctic coast was associated with 23
greater standing crop of C. subspathacea during brood
rearing than on the Yukon-Kuskokwim Delta. Dis-
persal rates are high enough (Lindberg et al. 1998) to
rule out local adaptation and genetic variation as ex-
planations for observed variation in growth. Our re-
sults are consistent with lower survival of goslings
from the Yukon-Kuskokwim Delta during their first
fall migration and stronger density-dependent reg-
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ulation on the Yukon-Kuskokwim Delta than on the
Arctic coast.

The growth period of long-lived animals is a pe-
riod when selection acts strongly (Rose 1991), likely
because adults have evolved to maintain their sur-
vival in variable environments (Charlesworth 1994).
Furthermore, growing young require diets of higher
quality than those adequate for adult maintenance,
because higher dietary concentrations of digestible
energy and protein are required for tissue produc-
tion (O’Conner 1984, Sedinger 1992, 1997). Conse-
quently, growth rates vary considerably in response
to environmental conditions (Cooch et al. 1991, Lars-
son and Forslund 1991, Sedinger and Flint 1991).

Growing geese appear to be especially susceptible
to nutrient limitation during growth, probably be-
cause they are small bodied herbivores and many
plant foods contain inadequate concentrations of nu-
trients, especially protein, to support maximum
rates of growth (Sedinger 1992, 1997). Goslings,
therefore, are highly selective foragers (Sedinger and
Raveling 1984), and preferred foods that will sup-
port rapid growth frequently may be depleted (Car-
gill and Jefferies 1984, Sedinger and Raveling 1986,
Person et al. 1998). As a result, several studies have
reported spatial (Aubin et al. 1993, Cooch et al. 1993,
Leafloor et al. 1998) or temporal (Cooch et al. 1991,
Sedinger and Flint 1991, Sedinger et al. 1998) varia-
tion in growth of goslings.

Growth is especially important in geese because
size of goslings at the end of their first summer
strongly influences their probability of surviving
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their first year (Owen and Black 1989, Sedinger et al.
1995, van der Jeugd and Larsson 1998), adult body
size (Cooch et al. 1991, Sedinger et al. 1995, Leafloor
et al. 1998) and fecundity (Sedinger et al. 1995). En-
vironmentally induced variation in adult body size
has been observed in other populations of birds
(James 1983). Relationship between growth and in-
dividual fitness indicates that variation in growth is
likely an important mechanism of population regu-
lation in response to changing density (Larsson et al.
1998, Sedinger et al. 1998).

Because of the importance of growth to both in-
dividual fitness and population dynamics, we stud-
ied growth of Black Brant (Branta bernicla nigricans)
(hereafter ‘‘brant’’) breeding in three widely sepa-
rated colonies: Tutakoke River and Kokechik Bay on
the Yukon-Kuskokwim Delta, Alaska, and the Col-
ville River Delta on Alaska’s Arctic coast. We analyze
variation in growth rates of goslings among those
colonies and relate variation in growth to food qual-
ity and abundance and grazing intensity at the three
colonies.

Methods.—We marked and recaptured brant on the
Tutakoke River (618N, 1658W) (1994–1996) and Ko-
kechik Bay (628N, 1668W) (1994–1995) colonies (Se-
dinger et al. 1993) and associated brood-rearing ar-
eas on the Yukon-Kuskokwim Delta. The colonies
were within 1 km of the Bering Sea coast or the coast
of Kokechik Bay. Vegetation in the colonies was dom-
inated by graminoids, primarily Carex ramenskii
meadows or a mixed sward dominated by Elymus ar-
enarious, C. ramenskii, and forbs (Kincheloe and Stehn
1991). Brant from those colonies took their broods up
to 40 km from the colony (Flint 1993). Broods fed pri-
marily in two communities: (1) monospecific salt-
marsh swards of either C. subspathacea or Puccinellia
phryganodes, where they maintained grazing lawns
(Jefferies 1989, Person et al. 1998), or (2) levee com-
munities, which supported mixed stands of grami-
noids and forbs. Levees supported high densities of
Triglochin palustris (arrowgrass), which was an im-
portant food for growing geese (Sedinger and Rav-
eling 1984, Mulder et al. 1996). We report data from
goslings recaptured on brood-rearing areas used by
brant from the Tutakoke River colony. All of those
areas were along the Tutakoke or Kashunuk Rivers.
We captured brant goslings at a single brood-rearing
area used by brant from the Kokechik Bay colony.

The Colville River colony (708N, 1498W) occured
primarily on large islands in the Colville River Delta
(Sedinger and Stickney 2000). Broods from that col-
ony and smaller breeding aggregations inland from
the coast (Sedinger and Stickney 2000) moved onto
saltmarshes within the oilfields in the vicinity of
Prudhoe Bay (Sedinger et al. 1998), which were dom-
inated by C. subspathacea grazing lawns. We captured
brant at eight brood-rearing areas used by brant
from the Colville River colony. We refer to those
brant as Colville River brant throughout.

To measure growth rates of goslings in each area,
we visited nests when eggs were hatching and at-
tached uniquely numbered fish-fingerling tags to the
webs of goslings (Alliston 1975, Sedinger and Flint
1991). Goslings varied in their stage of hatching
when web-tagged from pipped eggs to dry goslings.
Because goslings require ;24 h to complete hatching
and may remain in the nest for a day following hatch,
our estimates of gosling age had a precision of about
two days. We captured goslings at between 25 and
39 days old by driving broods and flightless (molt-
ing) brant into corral traps (Sedinger et al. 1997). The
fledging period for brant is ;42 days (Bellrose 1980).
We weighed each web-tagged gosling (65 g), and
measured their diagonal tarsus and culmen (both
60.1 mm) (Dzubin and Cooch 1992).

Multiple observers measured standing crop and
apparent offtake of vegetation by geese in swards of
C. subspathacea in brood-rearing areas used by all
three colonies in 1995 using methods described by
Person et al. (1998). Briefly, those methods involved
erecting three-sided exclosures (2 3 2 m) before
hatching began. Each exclosure included a diagonal
fence running from one corner of the open side to the
opposite rear corner. That fence, thus, divided the ex-
closure into two triangular sections, one open to
geese and the other exclosed. By switching the di-
agonal to the opposite front and rear corners, we cre-
ated four grazing treatments: (1) always protected;
(2) always grazed; (3) protected during the first in-
terval and grazed during the second; and (4) grazed
during the first interval and protected during the
second. Those treatments enabled us to estimate var-
ious aspects of vegetation performance and effect of
grazing geese on the vegetation. In this paper we re-
port (1) standing crop of continuously grazed vege-
tation, (2) nitrogen concentration of grazed vegeta-
tion, and (3) offtake of plant biomass by geese.

We established 10 replicate exclosures at each of
four distinct brood-rearing areas used by brant from
the Tutakoke River colony (Person et al. 1998). We
also established 10 replicate exclosures at each of two
brood-rearing areas associated with each of the Ko-
kechik Bay and Colville River colonies (Person et al.
1998, Sedinger et al. 1998). Exclosures were set up on
7 June at the Tutakoke river colony, 10 June at the Ko-
kechik Bay colony, and 20 June at the Colville River
colony. Peak of hatch was 16 June at the Tutakoke
River in 1995 and 30 June in the Colville River Delta.
We did not measure peak of hatch at Kokechik Bay,
which typically occurs one to two days after that at
Tutakoke River (J. S. Sedinger pers. obs.). Therefore,
plots were set up about 9 to 10 days before peak of
hatch.

Our sampling protocol varied slightly among col-
onies. Specifically, we removed one turve from each
treatment at Tutakoke River and Kokechik Bay and
three turves from each treatment at Colville river on
each sampling occasion. We sampled plots at Colville
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TABLE 1. Analysis of variation in growth of Black Brant goslings using the general linear models procedure
of SAS. Mean Squares are based on Type III sums of squares. We examined variation among years, colonies,
and sexes. We also included a term for gosling age (days) because goslings were growing over the capture
period and not all goslings were captured at the same age. We used among-brood variation as an estimate
of the error MS.

df

Mass

MS F P

Tarsus

MS F P

Culmen

MS F P

Year
Colony
Sex
Age
Error

2
2
1
1

482

348710
767395
195871
343974

17039

66.9
147.2

37.6
66.0

,0.0001
,0.0001
,0.0001
,0.0001

4531
22870
59725

7915
1407

5.6
28.3
74.0

9.8

0.004
,0.0001
,0.0001

0.0019

517
4522
2584
5924

742

0.63
5.5
3.2
7.2

0.53
0.0043
0.076
0.0075

River more intensively to gain a more precise esti-
mate of grazing pressure because we anticipated
lower grazing pressure there. We removed 10 3 10
cm turves from each plot when established during
the brant incubation period. Turves were removed
with a large knife and consisted of soil to a depth of
;2 cm and associated surface vegetation. At 21 days
after establishment, immediately posthatch we re-
moved 10 3 10 cm turves from both treatments,
grazed and ungrazed, within each plot and switched
the movable diagonal divider. We sampled the four
treatments within each plot in the same way again
following an additional 21 days, approximately mid-
brood-rearing. Our samples, therefore, correspond-
ed to the incubation period, immediately posthatch
and mid-brood-rearing.

Turves were returned to camp where vegetation
was clipped to the surface level, dead material was
removed, and vegetation was washed in fresh H2O.
Samples were dried in the field at 608C and stored for
shipment back to Fairbanks where samples were re-
dried to constant mass (60.01 g). We estimated ni-
trogen concentration in plant samples using a LECO
CNS 2000 autoanalyzer. We estimated apparent off-
take by geese as difference between the final bio-
masses of vegetation that was ungrazed and grazed
over the preceding interval.

We tested for variation in gosling metrics (mass,
culmen, and tarsus) using the General Linear Models
(PROC GLM) procedure of SAS (SAS Instiute 1989).
We used a model containing colony, year, sex, brood,
age in days, and all two-way interactions to examine
variation in size measures. The term for brood in our
model accounted for potential dependence among
brood mates in growth. We used among-brood var-
iation to estimate error MS for hypothesis tests in-
volving other variables. When interaction terms
were not significant (P . 0.05) we removed them and
reran the model. We used Type III sums of squares
to test hypotheses from the final model and least sig-
nificant differences for pairwise comparisons (Carm-
er and Swanson 1973).

Because our replicate exclosures were randomly
placed within but not across brood-rearing areas, we

used a nested design (PROC GLM) to analyze veg-
etation data. Specifically, our model had colony and
brood-rearing area nested within colony as factors in
the model. Thus, brood-rearing areas were our rep-
licates for examination of among-colony variation,
which produced a conservative analysis because we
sampled four, two, and two brood-rearing areas at
Tutakoke River, Kokechik Bay, and Colville River, re-
spectively. We calculated mean mass of vegetation
for the three turves collected in each sample on the
Colville River brood-rearing areas for statistical
analyses so results were comparable to those from
the Yukon-Kuskokwim Delta. We analyzed data for
each sampling period (plot establishment, hatch, and
mid brood-rearing) separately.

Results.—We captured 722, 34, and 98 web-tagged
goslings on the Tutakoke River, Kokechik Bay, and
Colville River colonies, respectively and those gos-
lings represented 487 unique broods. Gosling mass
varied significantly among colonies, years and sexes,
and mass increased with age (Table 1), but no two-
way interactions were significant. Goslings from the
Colville River averaged from 211–286 g heavier than
those from the Yukon-Kuskokwim Delta (t . 9.7; P
, 0.0001, comparison of each Yukon-Kuskokwim
Delta colony with Colville River)(Fig. 1). Similarly,
tarsus length varied among colonies, years, and sex-
es, and increased significantly with age (Table 1).
Tarsus length was significantly longer for goslings
from the Colville River Delta than for those from the
Yukon-Kuskokwim Delta (t . 7.1; P , 0.0001, com-
parison of each Yukon-Kuskokwim Delta colony
with Colville River). Culmen length also varied sig-
nificantly among colonies, but not years, with cul-
men lengths of goslings from the Colville River
greater than those from either of the two Yukon-Kus-
kokwim Delta colonies (Table 1) (t . 6.3; P , 0.0001).

Standing crop of grazed C. subspathacea varied sig-
nificantly among colonies during incubation, shortly
after hatching and three weeks after hatch (Table 2).
Standing crop was . 23 greater near the Colville
River colony than at the two Yukon-Kuskokwim Del-
ta colonies (Fig. 2). Nitrogen concentration was sig-
nificantly lower on Colville River brood-rearing ar-
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FIG. 1. Variation in size of known-age brant goslings among the Tutakoke River (circles), Kokechik Bay
(squares) (both on the Yukon-Kuskokwim Delta), and Colville River (triangles) colonies in 1994, 1995, and
1996. Goslings from Tutakoke River were sampled in all three years, whereas those from Kokechik Bay were
sampled in 1994 and 1995, and those from the Colville River were sampled in 1995 and 1996. Regression
lines represent least-squares fits to the data for each colony–year combination.
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TABLE 2. Results from general linear models analysis of variation in Carex subspathacea with respect to graz-
ing and colony. Results are reported for the incubation, early post hatch, and mid-brood-rearing periods.
Brood-rearing areas sampled at each colony were nested within colonies, therefore among-colony varia-
tions was tested using the colony and brood-rearing area mean squares.

Vegetation Parameter Colony MS Location MS F Pa

Incubationb

Biomassc

Nitrogen
10321

18.7
712

0.84
14.5
22.3

0.0083
0.0032

Post-hatchb

Exclosed biomassc

Grazed biomassc

Offtake
Nitrogen

6771
21277
5648

10.9

2715
1853
330

1.10

2.49
11.5
17.1

9.9

0.18
0.014
0.0058
0.018

Mid brood-rearingb

Exclosed biomassc

Grazed biomassc

Offtaked

Offtakee

Nitrogen

2717
18043
2818
5113

12.1

5317
4861
515

2747
2.53

0.51
3.71
5.47
1.86
4.77

0.63
0.103
0.055
0.25
0.069

a All hypothesis tests had df 5 2 and 6.
b Vegetation characteristics and response to grazing were measured during incubation, immediately posthatch (21 days after incubation sam-

ples), and mid-brood-rearing (21 days after posthatch samples).
c Biomass during incubation was measured when plots were established. Exclosed biomass had been protected from grazing since the es-

tablishment of plots during incubation, whereas grazed vegetation had been continuously grazed.
d Offtake calculated as the difference between standing crop of C. subspathacea exclosed from early to mid-brood-rearing and C. subspathacea

grazed continuously throughout.
e Offtake calculated as the difference between C. subspathacea exclosed from incubation through mid-brood-rearing and C. subspathacea grazed

from early to mid-brood-rearing.

eas than on brood-rearing areas on the
Yukon-Kuskokwim Delta during incubation and ear-
ly brood-rearing, and nearly so during mid brood-
rearing (Table 2, Fig. 2). Offtake of above-ground bio-
mass was significantly higher at both sites on the
Yukon-Kuskokwim Delta than near the Colville Riv-
er colony, despite reduced standing crop at the Yu-
kon-Kuskokwim Delta sites (Table 2, Fig. 2).

Discussion.—Standing crop of C. subspathacea was
2–2.63 greater near the Colville colony as in brood-
rearing areas used by brant on the Yukon-Kusko-
kwim Delta. That variation was principally a result
of differences in grazing intensity among areas, as
evidenced by convergence among areas in biomass
protected from herbivory (Table 2). Importance of
grazing as a cause of spatial variation in food abun-
dance is further supported by substantially greater
removal of vegetation by geese in areas with lowest
standing crops.

Greater biomass of C. subspathacea in areas near the
Colville colony was associated with lower concentra-
tions of nitrogen than in C. subspathacea near colonies
on the Yukon-Kuskokwim Delta. That finding is con-
sistent with the generally negative correlation be-
tween standing crop and nitrogen concentration in
Arctic graminoids (Sedinger and Raveling 1984,
Gadallah and Jefferies 1995, Person et al. 1998). Total
above-ground standing crop of nitrogen was sub-
stantially greater near the Colville colony than on the
Yukon-Kuskokwim Delta because greater plant bio-
mass more than compensated for reduced nitrogen

concentration on Colville River brood-rearing areas
relative to those on the Yukon-Kuskokwim Delta.
Brant, therefore, experienced greater availability of
dietary protein near the Colville colony than near
colonies on the Yukon-Kuskokwim Delta.

Similar tradeoffs between above-ground biomass
and nitrogen concentration exist between preferred
foods (e.g. C. subspathacea) and relatively unused
plants on the Yukon-Kuskokwim Delta (Sedinger
and Raveling 1984, 1986). Apparently, nitrogen con-
centrations in plant foods were adequate to enable
increased plant biomass to support more rapid
growth of brant near the Colville colony relative to
the Yukon-Kuskokwim Delta.

Our results demonstrate large-scale spatial varia-
tion in growth of brant goslings, consistent with
findings for other populations of geese (Aubin et al.
1993, Larsson and Forslund 1991). Large-scale vari-
ation in growth of brant is associated with variation
in grazing intensity and, consequently, availability of
food for goslings. Spatial variation in growth of Bar-
nacle Goose goslings and Lesser Snow Goose gos-
lings also has been related to variation in food abun-
dance (Larsson and Forslund 1991, Cooch et al.
1993). Density dependent declines in gosling growth
(Cooch et al. 1991, Sedinger et al. 1998) further sup-
port a direct linkage between food abundance and
growth.

Variation in growth among populations is likely to
produce variation in population dynamics because
growth of goslings affects first-year survival (Owen
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FIG. 2. Biomass, nitrogen concentration, and off-
take by brant broods of grazed aboveground C. sub-
spathacea (all 6SE) on brood-rearing areas used by
brant from the Tutakoke River, Kokechik Bay, and
Colville River colonies during the late incubation,
early brood-rearing and mid-brood-rearing periods.

and Black 1989, Sedinger et al. 1995, van der Jeugd
and Larsson 1998). We have not directly examined
variation in first-year survival in those populations
but D. H. Ward (U.S. Geological Survey unpubl. data)
has detected variation in survival during fall migra-
tion consistent with expectation, given observed var-
iation in growth; goslings from the Colville colony
survived that period at higher rates than those from
the Yukon-Kuskokwim Delta. Modeling of those
populations suggests that first-year survival has an

important effect on local population size (N. D. Chel-
gren unpubl. data)

It is unlikely that variation in growth we observed
is primarily of genetic origin because gene flow be-
tween the Yukon-Kuskokwim Delta and the Colville
colony is sufficient (Lindberg et al. 1998) to prevent
local adaptation by brant in those two areas. Fur-
thermore, ;80% of the variation in gosling growth
on the Yukon-Kuskokwim Delta can be explained by
gosling sex, age (days), brood density, brood-rearing
area, and hatch date, suggesting little of that varia-
tion has an additive genetic basis (M. P. Herzog un-
publ. data).

Variation in growth at large spatial scales suggests
that brant do not respond numerically to food abun-
dance at those scales. Female brant are strongly phil-
opatric to their location of birth (Lindberg et al. 1998)
as is true for other geese (Cooke et al. 1995). Lack of
numerical response to large-scale variation in per ca-
pita food abundance suggests that expected increase
in fitness from changing breeding location is insuf-
ficient to outweigh risks of dispersal. Individuals
from the two Yukon-Kuskokwim Delta colonies po-
tentially would have benefited from dispersing to
the Colville River colony in terms of recruitment of
their offspring. The Colville colony, however, is a
substantial distance (.2,000 km) from the Yukon-
Kuskokwim Delta colonies and nesting pairs in the
Colville region represent ,4% of nesting pairs in the
brant population. Thus, it is difficult to envision how
females from the Yukon-Kuskokwim Delta could
compare habitat quality in their natal area with that
on the arctic coast. Because some colonies do not ap-
pear to be limited by density dependent feedbacks,
it is possible that the Pacific brant population is held
below maximum potential size by its inability to dis-
tribute itself in an ideal-free manner.
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