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ECOLOGICAL SIGNIFICANCE OF BROOD-SITE FIDELITY IN BLACK 

BRANT: SPATIAL, ANNUAL, AND AGE-RELATED VARIATION 

MARK S. LINDBERG • AND JAMES S. SEDINGER 
Institute of Arctic Biology and Department of Biology and Wildlife, University of Alaska, 

Fairbanks, Alaska 99775, USA 

ABSTRACT.--We examined use of brood-rearing sites by female Black Brant (Branta bernicla 
nigricans) that nested at Tutakoke River, Alaska, 1987 to 1993. Adult females exhibited fi- 
delity to brood-rearing sites; however, we observed site-specific and annual variation in 
movements among sites. Site fidelity of adults was not related to their hatching date, and 
hatching dates of females did not vary among brood-rearing sites, suggesting that site se- 
lection was unaffected by competition. Movement among sites was affected by distance be- 
tween sites, but this relationship varied annually and among sites. Variation in forage char- 
acteristics may affect movements among sites. Natal-site fidelity was equal to fidelity prob- 
ability of adults, indicating social inheritance of sites and perhaps facilitation through nep- 
otism. We observed heterogeneity in survival probabilities of goslings and adults among 
sites. For goslings, heterogeneity in survival was probably related to variation in growth. We 
observed no relationship between hatching date and use of brood-rearing sites. Previously 
documented seasonal declines in growth of goslings are more likely affected by declines in 
forage quality and abundance than by site-specific variation in forage characteristics because 
use of brood-rearing sites was not related to hatching dates. Received 23 April 1997, accepted 
11 November 1997. 

ENVIRONMENTAL CONDITIONS that precocial 
young experience before fledging may affect 
their growth, survival, and future fecundity 
(Sedinger et al. 1995). The relationship between 
environment and fitness is particularly evident 
in northern latitudes where growing seasons 
are short. Fitness of geese nesting in arctic and 
subarctic regions is affected by seasonal (Se- 
dinger and Raveling 1986) and spatial variation 
(Cooch et al. 1993) in forage quality and abun- 
dance. Goslings hatching late grow slower 
(Cooch et al. 1991, Sedinger and Flint 1991, Lind- 
holm et al. 1994) and have lower survival and 
fecundity than goslings hatching early (Sedin- 
ger et al. 1995). Growth of young Lesser Snow 
Geese (Chen c. caerulescens) and Barnacle Geese 
(Branta leucopsis) varies among brood-rearing 
sites (Larsson and Forslund 1991, Cooch et al. 
1993). Spatial variation in habitat quality may 
lead to heterogeneity in survival and subse- 
quent reproductive performance (Cooch et al. 
1993, Rockwell et. al. 1993). In addition, fidelity 
to natal sites may cause genetic-environmental 
covariance and inflated estimates of heritability 
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for growth metrics (Larsson and Forslund 
1992). Although the distribution of goslings 
among brood-rearing sites affects the fitness of 
these birds, the use of brood-rearing habitats 
and factors affecting the distribution of birds 
during brood rearing are poorly described. 

The distribution of birds among habitats may 
be influenced by fitness costs and benefits as- 
sociated with those habitats (Nichols et al. 
1983). Birds should occupy the highest quality 
habitats, but by using these habitats, they may 
decrease habitat quality. As habitat quality de- 
clines, birds should select unoccupied habitats 
of similar quality as the habitat currently oc- 
cupied (Fretwell 1972). If all birds occupy hab- 
itats of similar suitability, then their distribu- 
tion may be described as ideal free (Fretwell 
and Lucas 1970). In an ideal free distribution, 
all individuals would have similar fitness. The 

pattern of habitat selection in geese may be par- 
ticularly complex because geese may initially 
improve the quality of the habitat through fecal 
nitrogen deposition, which increases above- 
ground primary productivity (Hik and Jefferies 
1990). Furthermore, movements among habi- 
tats may be opposed by competition with con- 
specifics. Alternatively, advantages of site fa- 
miliarity may favor fidelity. Ecological advan- 
tages of site fidelity and resulting site familiar- 
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FIG. 1. Location and names of sites used to examine variation •n movement probabilities among brood- 
rearing sites for female Brant at Tutakoke River, Alaska, 1987 to 1993. The majority of Brant nests are in site 
2 and the western portion of the site 1. Area of detail is indicated by the small rectangle on the map of Alaska. 

ity may include improved feeding efficiency 
and higher survival (Lack 1954, Anderson et al. 
1992). However, in areas with spatial variation 
in habitat quality, fidelity to brood-rearing sites 
may be maladaptive (Levin et al. 1984, Cooch 
et al. 1993). 

In this study, we examined the distribution of 
Black Brant (Branta bernicla nigricans; hereafter 
"Brant") among brood-rearing sites and tested 
the hypothesis that Brant are distributed in an 
ideal free manner by examining variation in 
survival probability among brood-rearing 
sites. If Brant exhibit an ideal free distribution 

during brood rearing, we predict that survival 
probability will not vary among sites. We also 
examined two factors that may result in devi- 
ations from an ideal free distribution: compe- 
tition and site fidelity. We tested the effects of 
competition on site use by comparing hatching 
dates of individuals using each site. If individ- 
uals that hatch late are excluded from sites 

through competition with individuals that 
hatch early (and presumably occupy optimal 
habitats), then hatching dates will vary among 
sites. Moreover, a nonrandom distribution of 
hatching dates among sites may indicate that 
seasonal declines in growth of goslings result 
from a covariance between hatching date and 
brood-rearing site, rather than a decline in for- 

age quantity and quality, because individuals 
that hatch late use lower quality sites than in- 
dividuals that hatch early. Finally, we quanti- 
fied fidelity of Brant to brood-rearing sites. We 
examined the effects of age, distance between 
sites, and hatching date on site fidelity and test- 
ed for site-specific and annual variation in fi- 
delity probability. 

STUDY AREA AND METHODS 

The study area (which included brood-rearing 
sites at the Tutakoke River colony) comprised por- 
tions of the Tutakoke and Kashunuk river corridors 

on the Yukon-Kuskokwim River Delta, Alaska (Fig. 
1). Following hatching, Brant families from the Tu- 
takoke River colony (61øN, 165øW) feed in salt 
marshes in the vicinity of these tidally inundated riv- 
ers (Sedinger et al. 1995). Salt marsh communities 
are dominated by Carex subspathacea and Puccinellia 
phryganodes (Kincheloe and Stehn 1991). We divided 
the study area into five sites to examine movements 
among sites and variation in hatching dates at these 
sites (Fig. 1). Site boundaries were largely defined by 
geographic features. The size of each site was ap- 
proximately the area covered by each banding drive 
used to capture geese (see below). 

Capture and marking.--During late July and early 
August, 1987 to 1993, we captured adults and pre- 
fledging goslings by driving them into nets. We con- 
ducted drive-trapping 22 to 34 days after the peak of 



438 LINDBERG AND SEDINGER [Auk, Vol. 115 

hatching, which corresponded to the period when 
goslings and molting adults were flightless. On av- 
erage, trapping was conducted over a five-day peri- 
od (range three to seven days). Flightless Brant were 
driven into nets using boats and personnel on foot. 
We determined sex and age of Brant by cloacal ex- 
amination and feather characteristics. We marked 

Brant with leg bands and tarsal tags that were en- 
graved with an individual code (Sedinger et al. 
1995). We also recorded tarsal-tag codes of Brant that 
had been banded in previous years. Capture location 
was mapped on aerial photos. All captured Brant 
were released simultaneously after each drive. 

Modeling movement among brood-rearing sites.--We 
estimated annual movements of female Brant among 
brood-rearing sites (capture locations) using multi- 
state models and program MSSURVIV (Brownie et 
al. 1993, Hines 1994). We restricted our analysis to 
females because Brant form long-term pair bonds 
such that estimates of movement probabilities for 
adult pairs are not independent (Schmutz et al. 
1995). Movements of males banded as goslings likely 
are independent of female goslings, but few males 
return to the Tutakoke colony (Lindberg 1996). 
Therefore, data for males marked as goslings were 
insufficient to obtain estimates of movement from an 
individual's natal site to the site it used as an adult. 

Data used for multistate models are similar to in- 

put for capture-recapture models of survival analy- 
sis, except that capture histories reflect both encoun- 
ters and location or state at capture. Thus, capture 
history AAOB describes an individual captured at 
site A in periods 1 and 2, not captured in period 3, 
and captured at site B in period 4. We obtained max- 
imum-likelihood estimates of the following param- 
eters using MSSURVIV: (1) p,s, the probability of cap- 
ture in year i for a bird in site s at i (i = 1988, 1989, 
ß.., 1993); (2) S, r, the probability that a bird in site r 
in year i survives and is in any sampled site in year 
i + 1 (i = 1987, 1988,. .... 1992); and (3) •?, the prob- 
ability of a bird being in site s in year i + 1 for a bird 
that was in site r in year i and survived to year i + 1 
(i = 1987, 1988, ...., 1992). 

We assumed that survival was dependent on the 
site occupied in year i and not the site occupied in 
year i + 1 (Brownie et al. 1993). This assumption is 
reasonable because birds occupied sites in year i + 1 
at the end of the survival interval. Brant do not breed 

until they are at least two years old; therefore, esti- 
mates of survival for birds banded as goslings (Six) 
equaled survival from banding until two years of age 
(Nichols et al. 1990). Similarly, estimates of move- 
ment probabilities for goslings (q•) reflect move- 
ment from the brood-rearing site to the site occupied 
at two years of age. We use natal-site fidelity to de- 
scribe the return of individuals banded as goslings 
to the site where they were raised. 

We used a step-down modeling approach (Lebre- 
ton et al. 1992) to reduce sources of variation in cap- 

ture and survival probabilities and then tested hy- 
potheses about annual, site-specific, and age-related 
variation in movement probabilities. We used Akaike 
Information Criteria (AIC; Akaike 1973) and likeli- 
hood-ratio tests (LRT) to compare competing mod- 
els. 

We modeled movements among all five brood- 
rearing sites (Fig. 1) for individuals captured as 
adults from 1987 to 1993. We tested whether move- 

ments among sites and fidelity to a site were equally 
probable by comparing models with variable move- 
ment probabilities and a model with all movement 
parameters fixed at 0.2 (i.e. 1.00/5). We tested wheth- 
er movements were constant among years, sites, or 
both years and sites. We used the structure of the 
stepping-stone model of gene flow to examine the re- 
lationship between movement probability and dis- 
tance between sites (Nichols and Kendall 1995). That 
is, we considered movements between adjacent 
brood-rearing sites, and between sites separated by 
one site, and so forth, up to movements separated by 
three sites, to be equal. For example, movement from 
site 3 to site 2 equals that from site 3 to site 4, and 
movement from site 3 to site 1 equals that from site 
3 to site 5. This structure is a general form of the step- 
ping-stone model because we did not constrain 
short-distance movements (e.g. site 3 to 2) greater 
than longer-distance movements (e.g. site 3 to 1). Use 
of stepping-stone models does not imply measures 
of gene flow among brood-rearing sites. Rather, it is 
a structure for modeling the relationship between 
distance and movement probability. 

To address hypotheses regarding natal-site fideli- 
ty, we reduced the number of sites from five to two 
because subsequent captures of individuals initially 
banded as goslings were too few to obtain meaning- 
ful estimates of movement among all five sites. This 
analysis also provided estimates of movements for 
adults at a larger scale than the five-site analysis and 
a test of age-specific differences in site fidelity. We 
reduced the number of sites by combining captures 
from sites 1 and 2 (Tutakoke River area) and from 
sites 3, 4, and 5 (Kashunuk River area; Fig. 1). We 
eliminated all captures of one-year-old birds (n = 48) 
for estimates of natal-site fidelity because we have 
not observed Brant breeding until they are two years 
old. We tested for annual variation in capture prob- 
abilities, but we assumed that capture probabilities 
of two-year-old Brant were equal to capture proba- 
bilities of Brant > two years old because our data 
were too sparse to consider age and annual variation 
in capture probabilities. This assumption may pro- 
duce overestimates of detection probability for two- 
year-old Brant because younger Brant have a lower 
breeding probability than older Brant (Sedinger et al. 
unpubl. data), and nonbreeding Brant (i.e. molting 
birds) are not available for capture during banding. 
Biased estimates of detection probability also may 
bias estimates of survival probability. Therefore, we 
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TABLE 1. Akaike information criteria (AIC), and number of parameters in models used to examine annual 
(i) and spatial (rs) variation in capture (p) and survival (S) probabilities of adult female Brant at five brood- 
rearing sites at Tutakoke River, Alaska, 1987 to 1993. In all models, movement probabilities among sites 
are year- and site-specific. 

Model Description AIC No. of parameters 

p•Sf General model (no constraints) 1241.3 170 
p•S• p constant over years 1596.0 150 
p•S• p constant over sites 1342.2 150 
pS• p constant over years and sites 1354.9 146 
p•S r S constant over years 1218.1 151 
p•S, S constant over sites 1232.5 151 
pfS S constant over years and sites 1233.1 147 

use estimates of survival probability only for relative 
comparisons. Survival probabilities of adults and in- 
dividuals banded as goslings were not comparable 
because they spanned a different time period, one 
and two years, respectively. We examined annual 
and site-specific variation in natal-site fidelity. We 
could not structure movements in the two-site anal- 

ysis using the stepping-stone models because all 
movements were the same distance (one site). We 
tested if natal-site fidelity was equal to fidelity prob- 
ability of adults. 

We examined the effects of hatching date on site 
fidelity of adult females by comparing hatching dates 
in year i + 1 of females that were faithful to brood- 
rearing sites between year i and year i + 1 with 
hatching dates of females that moved to a new brood- 
rearing site between year i and year i + 1. We deter- 
mined hatching dates by visiting nests on alternate 
days during the hatching period (Sedinger et al. 
1995). A relationship between hatching date and 
probability of site fidelity may indicate that age or 
competition affect fidelity because younger Brant 
generally nest later (Flint and Sedinger 1992), and 
Brant that hatch early occupy brood-rearing sites be- 
fore Brant that hatch late. In this ANOVA model, 

hatching date was the dependent variable, and year, 
state (faithful or disperser), and state x year inter- 
action were included as fixed factors. 

Covariance between hatching date and brood-rearing 
sites.--We examined the relationship between hatch- 
ing date and brood-rearing location of adult females 
breeding at Tutakoke River from 1987 to 1993 to test 
the effects of competition on use of brood-rearing 
sites. We used ANOVA to test the hypothesis that 
hatching dates of females did not vary among brood- 
rearing locations (with hatching date as the depen- 
dent variable). Brood-rearing site (Fig. 1), year, and 
year x site interaction were included as fixed factors. 

RESULTS 

Movement among brood-rearing sites for adults.- 
We made 2,588 captures of 407 adult female 
Brant from 1987 to 1993. Model structures were 

similar for adult females in the analyses that in- 
cluded two and five sites. Capture probabilities 
of adults were both year- and site-specific (Ta- 
bles 1 and 2). We observed spatial variation in 
survival, but survival probability was constant 

TABLE 2. Akaike information criteria (AIC), and number of parameters in models used to examine annual 
(i) and spatial (rs) variation in capture (p) and survival (S) probabilities of female Brant at two brood- 
rearing sites at Tutakoke River, Alaska, 1987 to 1993. Survival probability for the two-year period from 
banding as goslings to two years of age (Ss) and annual survival of adult Brant (more than two years old; 
Sa) were modeled separately. In all models, movement probabilities among sites are year- and site-specific. 

No. of 

Model Description AIC parameters 

p•S•S• 

psSgS• 
pS•S• 
p•S•S• 
p•S•S• 

p•SgS• 
p•SgS• 
p•S•S s 

General model (no constraints) 810.8 54 
p constant over sites 820.0 49 
p constant over years 816.8 46 
p constant over years and sites 825.6 45 
Adult S constant over sites 808.0 49 

Adult S constant over years 805.5 46 
Adult S constant over years and sites 807.9 45 
Adult S constant over years, juvenile S constant over sites 813.8 42 
Adult S constant over years, juvenile S constant over years 823.1 38 
Adult S constant over years, juvenile S constant over years and sites 831.6 37 
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TABLE 3. Akaike information criteria (AIC), and number of parameters in models used to examine annual 
(i) and spatial (rs) variation in movement probabilities ('P) of adult female Brant at five brood-rearing sites 
at Tutakoke River, Alaska, 1987 to 1993. Models with movement probabilities structured following step- 
ping-stone models are designated at •d. In all models, capture probability is year- and site-specific (p•), 
and survival probability is site-specific (St). 

Model Description AIC parameters 

equally probable 1960.3 54 
No constraints 1218.1 151 

constant over sites 1329.8 41 

constant over years 1582.4 40 
constant over sites and years 1331.3 36 
dependent on distance between sites 1203.2 127 
dependent on distance between sites and constant over sites 1247.5 61 
dependent on distance between sites and constant over years 1529.8 51 
dependent on distance between sites and constant over sites and years 1256.3 40 

among years within sites (Tables I and 2). 
Movement probabilities (•r•, r • s) and fidelity 
probability (•% r = s) were not equally prob- 
able. In both the two- and five-site analyses, the 
model with equally probable movements and 
fidelity probabilities (i.e. all •r• = 0.2 for r • s 
and r = s) had the highest AIC value and was 
rejected (P < 0.001) in the LRT with the most 
general model (Tables 3 and 4). In the analysis 
with five sites, AIC values were lowest for the 
model that constrained movement as a function 

of distance between brood-rearing sites (i.e. 
stepping-stone model structure), and this re- 
lationship varied among years and sites (Table 
3, model •). Based on LRT, model xI• was fa- 
vored over the model (•?) with no constraints 
(X 2 = 33.0, df = 24, P = 0.10). LRTs between 
model •i• and all reduced parameter forms of 
the stepping-stone models (e.g. no year or state 
specificity) rejected (P < 0.001) the simpler 
models. 

We were more limited in our ability to model 
variation in movement in the analysis with only 

two sites because we could not consider models 

with movement estimated as a function of dis- 

tance between sites (i.e. both movements were 
of equal distance). Nonetheless, AIC values in- 
dicated that adult movement probabilities were 
both site- and year-specific (Table 4). Therefore, 
despite differences in scale, model structures 
for the two- and five-site analyses were similar 

We report parameter estimates from the 
models with the lowest AIC values (i.e. most 
parsimonious). A model with year- and site- 
specific capture probabilities, site-specific sur- 
vival probability, and year- and site-specific 
movement probabilities that were related to 
distance between sites (p•SrxI•) was used for 
five-site analysis (Table 3). The model structure 
for the two-site analysis was the same as the 
five-site analysis, except survival probability 
differed between juveniles and adults, and 
movement probability could not be related to 
distance between sites (p•S•S•gq•?; Table 4). 
Goodness-of-fit tests indicated that both of 

these models adequately explained the data (P 

TABLE 4. Akaike information criteria (AIC), and number of parameters in models used to examine annual 
(i) and spatial (rs) variation in movement probabilities (W) of female Brant at two brood-rearing sites at 
Tutakoke River, Alaska, 1987 to 1993. Except for model q•?, movement probabilities for adult ('P,) and 
goslings (W•) are modeled separately. In all models, capture probability is year- and site-specific (E), and 
survival probability is site-specific for adults (S') and year- and site-specific for juveniles (S•). 

Model Description AIC parameters 

Adult ß equally probable 1121.6 34 
No constraints 805.5 46 
Adult ß constant over years 845.5 36 
Natal • equally probable 823.0 36 
Natal ß constant over years 811.9 38 
Natal and adult ß equal within years and sites 799.7 36 
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TUTAKOKE KASHTUT L. KASHUNUK HOCK SLOUGH ONUMTUK 

MOVEMENT YEAR i TO YEAR i+1 

Fic. 2. Movement probabilities between year i and year i + 1 for adult female Brant among five brood- 
rearing sites at Tutakoke River, Alaska, 1987 to 1993. Rows are years of the study with year i + 1 shown at 
the far right. Numbers at the bottom of columns indicate movements between sites (e.g. 13, movement from 
Tutakoke [site 1] to Lower Kashunuk [site 3]). Fidelity to sites (e.g. 22) is represented by solid bars; error bars 
are 1 SE. 

) 0.94). Capture probability estimates ranged 
from 0.01 (SE = 0.001) to 1.00 (SE = 0.001) in 
the five-site analysis and from 0.08 (SE = 0.023) 
to 0.30 (SE = 0.028) in the two-site analysis. 
Adult survival probability was 0.70 (SE = 
0.033) for site 1, 0.88 (SE = 0.031) for site 2, 0.72 
(SE = 0.037) for site 3, 0.76 (SE = 0.049) for site 
4, and 0.76 (SE = 0.077) for site 5 in the five-site 
analysis. In the two-site analysis, adult surviv- 
al probability was approximately the average 
of survival for the sites that were combined. 

Survival probability was 0.83 (SE = 0.020) for 
the Tutakoke River area (sites 1 and 2) and 0.74 
(SE = 0.030) for the Kashunuk River area (sites 
3 to 5). 

Although movement was best modeled as 
function of distance between sites in the five- 

site analysis, movement probabilities did not 
always follow the pattern expected for the step- 
ping-stone model (i.e. ß declines with dispers- 
al distance; Fig. 2). Negative relationships be- 
tween movement probability and dispersal dis- 
tance were observed in only 4 of the 29 possible 
combinations of site- and year-specific move- 
ments (site 2, 1991 and 1992; site 3, 1991; site 5, 

1989; Fig. 2). Fidelity probability (i.e. •,s where 
r = s) was higher than all movement probabil- 
ities (i.e. •'s where r • s) in 76% (22/29) of the 
cases. Fidelity probabilities were higher than 
all dispersal probabilities for sites 4 and 5 in all 
years; however, this pattern was observed in 
only two of the six years at site 3. Fidelity prob- 
ability ranged from 0.01 (SE = 0.090) to 0.99 
(SE = 0.001). In the two-site analysis, fidelity 
probability was higher than all dispersal prob- 
abilities in 90% (9/10) of the cases (Fig. 3). Fi- 
delity probability ranged from 0.49 (SE = 
0.123) to 1.00 (SE = 0.001) in the two-site anal- 
ysis. 

We captured 187 adult females during band- 
ing in year i + 1 that also were captured in year 
i. We found no evidence that state (faithful or 
disperser) was related to hatching date. Hatch- 
ing date varied among years (F = 51.9, df = 6 
and 179, P (0.001), but not between states (F 
= 0.7, df = 1 and 179, P = 0.405); the state x 
year interaction also was not significant (F = 
1.15, df = 6 and 173, P = 0.335). 

Movement among natal sites.--We recorded the 
natal sites of 2,937 female goslings between 
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FIG. 3. Movement probabilities between year 
and year i + 1 for female Brant among two brood- 
rearing sites at Tutakoke River, Alaska, 1987 to 1993. 
Movement probabilities were equal for adults and 
goslings and therefore are shown by the same bars, 
except for 1988, which represents only movements of 
adults. Movements of goslings are movements from 
the natal site to the site occupied when two years old 
(e.g. 1990 movements are probabilities for goslings 
banded in 1988), whereas movements of adults are 
between consecutive years. Rows are years of the 
study with year i + 1 shown at the right side of the 
row. Columns are sites with site names and letters 
shown at the bottom of each column. The Tutakoke 

River area (A) includes sites 1 and 2, and the Kashu- 
nuk River area (B) includes sites 3 to 5 (Fig. 1). Let- 
ters at the bottom of the columns are movements be- 

tween sites (e.g. AB is movement from the Tutakoke 
area to the Kashunuk area). Fidelity to sites (e.g. AA) 
is represented by solid bars. 

TABLE 5. Survival probability (3) of Brant for the 
two-year interval following banding at Tutakoke 
River, Alaska, 1987 to 1991. The Tutakoke River 
area includes brood-rearing sites 1 and 2, and the 
Kashunuk River area includes sites 3 to 5 (see Fig. 
1). 

Band- Tutakoke River area Kashunuk River area 
ing 
year • SE • SE 
1987 0.391 0.052 0.129 0.048 
1988 0.274 0.046 0.126 0.047 
1989 0.385 0.045 0.303 0.060 

1990 0.218 0.028 0.178 0.039 
1991 a 0.049 0.011 0.016 0.008 

• Survival estimates for the 1991 cohort are the product of survival 
from 1991 to 1993 and capture probability in 1993. 

1987 and 1991. We observed site- and year-spe- 
cific variation in juvenile survival (i.e. survival 
from banding to two years old; Table 2). In the 
two-site analysis, the model with the lowest 
AIC value (model •?) constrained movements 
of adults and movements of individuals band- 

ed as goslings equal, but movement probability 
varied by both year and site (Table 4). In ad- 
dition, the LRT between model xI•s and the 
model with age-specific movement probability 
(•,'•xIt•) failed to reject model xI•? (X 2 = 14.1, df 
= 10, P = 0.167). As noted in the two-site anal- 
ysis for adults, we report parameter estimates 
from model p•S•S?I• s. Juvenile survival proba- 
bility for the two-year period following band- 
ing ranged from 0.126 (SE = 0.052) to 0.39 (SE 
= 0.047; Table 5). Movement probabilities were 
described in the section on two-site analysis 
above (Fig. 3). 

Covariance between hatching date and brood- 
rearing site.--Between 1987 and 1993, we recap- 
tured 518 adult females with known hatching 
dates. We observed no covariance between 

hatching date and brood-rearing site. Hatching 
dates varied among years (F = 188.2, df = 6 and 
507, P < 0.001) but not among sites (F = 1.25, 
df = 4 and 507, P = 0.289), and the interaction 
between years and sites was not significant (F 
= 1.23, df = 17 and 490, P = 0.233). 

DISCUSSION 

Variation in brood-site fidelity.--Philopatry of 
female waterfowl to breeding areas and nesting 
sites has been well documented (Anderson et 
al. 1992). Female Brant are philopatric to breed- 
ing colonies (Lindberg 1996) and to nest sites 
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within colonies (Lindberg et al. 1995). Our re- 
suits indicate that Brant exhibit fidelity to 
brood-rearing areas, but we observed signifi- 
cant variation in fidelity probability. Brant dis- 
played high probabilities of fidelity to some 
sites (e.g. site 4, •0.73), but fidelity probabili- 
ties to other sites varied considerably (e.g. site 
1, range 0.06 to 0.84). Although parameter es- 
timates changed when we examined brood-site 
fidelity at a larger scale (i.e. two sites), this 
analysis also revealed significant variation in 
fidelity to brood-rearing sites. 

Sources of the observed variation in site fi- 

delity were not apparent. Fidelity probability 
was not age-specific. Effects of dispersal dis- 
tance varied among sites and among years in 
magnitude and direction. We observed no dif- 
ference in hatching dates between Brant that 
exhibited fidelity to brood-rearing sites and 
those that moved to new sites, and no variation 
in hatching dates among sites, suggesting that 
neither competition nor age were important in 
determining site fidelity. 

Ecological advantages of fidelity to brood- 
rearing sites may include improved feeding ef- 
ficiency, reduced aggression with conspecifics, 
and knowledge of predators. In areas with de- 
teriorating habitat conditions, however, fidelity 
may be realadaptive (Levin et al. 1984). 
Growth, survival, and reproduction of Lesser 
Snow Geese was lower for individuals that 

were philopatric to traditional brood-rearing 
areas than for individuals that dispersed or es- 
tablished philopatry to a non-traditional 
brood-rearing area near Cape Churchill, Man- 
itoba (Cooch et al. 1993, Rockwell et al. 1993). 
These authors attributed the fitness differences 

to variation between sites in forage quality and 
abundance. We lack measures of habitat quality 
for our sites, but we suggest that differences in 
forage quality and abundance may affect dis- 
tribution patterns of Brant. However, compar- 
ing fitness of individuals philopatric to sites 
with poor forage conditions with individuals 
that dispersed to higher-quality sites is not a 
critical test of cost or benefits of philopatry. Ad- 
ditional studies that compare philopatric and 
dispersing individuals that occupy the same 
habitats (or habitats with similar forage char- 
acteristics) are needed to fully understand the 
possible costs or benefits of philopatry. 

Although survival probability is only one 
component of fitness, the site-specific variation 

in survival that we observed suggests that the 
distribution of Brant was not ideal free. Depar- 
tures from the ideal free distribution were not 

caused by territorial behavior Site fidelity and 
ecological advantages of this behavior may 
contribute to the observed deviation from the 

ideal free distribution (Nichols et al. 1983). 
Many factors (e.g. harvest, weather) may affect 
spatial variation in survival for the annual 
(adults) or two-year (juveniles) period for 
which survival was estimated. The site occu- 

pied in year i + I probably had little effect on 
survival because this site was occupied at the 
end of the survival interval. If segregation ob- 
served on brood-rearing areas was maintained 
over the survival interval, then variation in sur- 
vival may reflect site-specific mortality during 
migration and winter Because Brant from the 
Tutakoke colony use common migration corri- 
dors and wintering areas (Ward et al. 1997), 
factors affecting postfledging survival likely 
are homogeneous from different brood-rearing 
sites. Early growth affects survival and future 
fecundity of Brant goslings (Sedinger et al. 
1995). Thus, spatial variation in growth of gos- 
lings may explain variation in survival proba- 
bility among brood-rearing sites. The effect of 
brood-rearing habitat on subsequent condition 
of adult Brant is poorly described. Nonetheless, 
female geese are at their annual minimum 
body mass at the end of incubation (Raveling 
1979), and brood rearing may be a critical pe- 
riod for subsequent survival of these individ- 
uals. We cannot, however, separate spatial vari- 
ation in survival from a variation caused by 
site-specific emigration. Our sampling of 
brood-rearing areas did not include all sites 
used by Brant. If emigration from the brood- 
rearing sites we sampled was related to dis- 
tance to sites not sampled (Barrowclough 
1978), then we would expect lower survival 
probabilities, as a result of emigration, for 
Brant using areas near the edge of our sam- 
pling distribution. This pattern was not obvi- 
ous in our estimates of survival. Therefore, we 

suggest that our estimates reflect true differ- 
ences in survival among sites, rather than vari- 
ation in emigration probability. 

Our results are similar to previous studies of 
brood-site fidelity in geese. Studies at La Per- 
ouse Bay, Manitoba, suggest that Lesser Snow 
Geese are philopatric to brood-rearing sites 
(Cooke and Abraham 1980, Healy et al. 1980). 
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Cooch et al. (1993) observed that Lesser Snow 
Geese may disperse when habitat conditions 
deteriorate. Comparison of parameter esti- 
mates between our study and those for Lesser 
Snow Geese are tenuous because of differences 

in scale and estimation techniques. Estimates 
for Lesser Snow Geese represent the product of 
several parameters (e.g. detection and fidelity 
probability) and are based on an assumption of 
no annual or site-specific variation in capture 
and survival probability, which we observed 
for Brant. We suggest that researchers consider 
this variation in future studies. 

Fidelity to natal sites.--We observed no age- 
specific difference in movement patterns. Com- 
parison of our results with other studies is dif- 
ficult because of differences in analysis tech- 
niques and spatial scale. Natal-site fidelity oc- 
curs in Lesser Snow Geese (Healy et al. 1980, 
Cooke and Abraham 1980), but as with brood- 
site fidelity, the pattern is variable. Larsson and 
Forslund (1991) determined natal-site fidelity 
of Barnacle Geese based on the percentage of 
observations occurring in one of two brood- 
rearing areas. As adults, about 88% of the Bar- 
nacle Goose families were observed at the natal 

site 75% of the time (Larsson and Forslund 
1991). Larsson and Forslund concluded that so- 
cial inheritance of brood-rearing areas, when 
spatial variation of habitat quality exits, may 
lead to genetic-environment covariance. 

Patterns of fidelity to natal brood-rearing 
sites differed from those we observed for nest- 

site fidelity in Brant, where first-time breeders 
had a higher probability of dispersal from natal 
sites than did adults (Lindberg and Sedinger 
1997). Natal-site fidelity to brood-rearing areas 
may indicate social inheritance of these sites 
(Larsson and Forslund 1992). Brant may be 
more likely to recognize brood-rearing areas 
because they spend more time at these foraging 
sites than at nest sites (Brant generally brood at 
the nest for <48 h) and because they fledge 
from brood-rearing areas. In addition, natal- 
site fidelity may be facilitated through nepo- 
tism (Anderson and Titman 1992), although lit- 
tle is known about social interactions during 
brood rearing (Mulder et al. 1995) 

Movement within years.--Our sampling was 
limited to the period of brood rearing from 22 
to 34 days following the peak of hatching. 
Therefore, our measure of brood-site fidelity 
represents a "snapshoff' of the areas occupied 

during the brood-rearing period. Brant gos- 
lings may exploit different areas pre- and post- 
capture, but analysis of radio-tagged females 
suggests that movements are limited following 
initial dispersal from the breeding area (P. Flint 
unpubl. data). Studies of Lesser Snow Geese 
and Barnacle Geese indicate that within-season 

movements among brood-rearing sites are un- 
common (Healy et al. 1980, Larsson and Fors- 
lund 1992). Hughes et al. (1994), however, ob- 
served significant variation in the home-range 
size of 20 radio-tagged Greater Snow Geese 
(Chen caerulescens atlantica). They classified 
families as sedentary, shifters, and wanderers 
based on home-range size and patterns of hab- 
itat use. Clearly, additional detailed studies of 
movement patterns of geese during the entire 
brood-rearing period are needed. 

Covariance between hatching date and brood- 
rearing sites.--Hatching dates of adult female 
Brant did not vary significantly among brood- 
rearing sites. Cooch et al. (1993) noted that 
hatching date and brood-rearing site tended to 
covary in Lesser Snow Geese at La P•rouse Bay, 
but we know of no other study that directly 
tested this relationship. Our results are consis- 
tent with previous studies of Brant that suggest 
that seasonal declines in growth of goslings are 
caused by a decline in factors affecting growth 
(e.g. habitat quality; Sedinger and Flint 1991). 
Our study does not, however, preclude the ex- 
planation of covariance between parent quality 
and hatching date as a mechanism for observed 
seasonal declines in growth (Price et al. 1988, 
Sedinger et al. 1997). Parent quality did not af- 
fect growth of Lesser Snow Geese (Cooch et al. 
1991). 

Our modeling techniques provide a useful 
approach to quantify movements of animals 
among habitats. We suggest that studies com- 
bining quantitative measures of site fidelity 
and habitat quality are needed to clearly iden- 
tify the environmental factors that affect move- 
ment patterns of precocial young and their par- 
ents, and the costs or benefits associated with 
fidelity. Modeling movement patterns based on 
the theoretical framework of ideal free distri- 

butions, where animals select habitats based on 

realized suitability and fitness gains (Fretwell 
and Lucas 1970), should provide a means to 
critically test factors that affect use of brood- 
rearing habitats (Nichols 1996). 
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