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a

For birds maintaining long-term monogamous relationships, mate loss might be expected to reduce fitness, either through
reduced survival or reduced future reproductive investment. We used harvest of male brant during regular sport hunting seasons
as an experimental removal to examine effects of mate loss on fitness of female black brant (Branta bernicla nigricans; hereafter
brant). We used the Barker model in program MARK to examine effects of mate loss on annual survival, reporting rate, and
permanent emigration. Survival rates decreased from 0.847 6 0.004 for females who did not lose their mates to 0.690 6 0.072 for
birds who lost mates. Seber ring reporting rate for females that lost their mates were 2 times higher than those that did not lose
mates, 0.12 6 0.086 and 0.06 6 0.006, respectively, indicating that mate loss increased vulnerability to harvest and possibly other
forms of predation. We found little support for effects of mate loss on fidelity to breeding site and consequently on breeding. Our
results indicate substantial fitness costs to females associated with mate loss, but that females who survived and were able to form
new pair bonds may have been higher quality than the average female in the population. Key words: black brant, breeding
propensity, clutch size, mate loss, nest initiation date. [Behav Ecol 23:643–648 (2012)]

INTRODUCTION
onogamy is the default mating system for most birds
(Gowaty and Mock 1985). Long-term monogamy is widespread in birds and is associated with advantages of having
a mate before the breeding season begins and during breeding (Choudhury 1995; Black 1996; McNamara and Forslund
1996), although mate change is widespread among monogamous species (Black 1996; Cézilly et al. 2000). Virtually all
assessments of the advantages of monogamy across several
avian species have been restricted to the reproductive period
(Choudhury 1995; Black 1996; van de Pol et al. 2006), which
reflects the difficulty of estimating survival when individuals
can disperse outside the study system (Burnham 1993) after
mate loss (Forero et al. 1999). Yet, it is certainly possible that if
monogamy is beneficial for reproduction because paired individuals have greater access to resources, mate loss could
reduce survival (McNamara and Forslund 1996) because of
reduced access to food (Black 2001) or because individuals
disperse after mate loss.
Although having a mate is essential for breeding, substantial
evidence indicates that specific attributes of an individual’s mate
further affect fitness. Seabird pairs that are more similar to each
other than average (assortitavely mated) are more likely to
fledge chicks (Bridge and Nisbet 2004). Barnacle goose (Branta
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leucopsis) pairs matched in size or age were more likely to fledge
young than less well-matched pairs (Black et al. 2007). Annual
reproductive success (van de Pol et al. 2006) and fitness (Black
2001) both increase with the duration of pair bonds, suggesting
that pairs better coordinate their behaviors as the duration of
their pair bond increases. Loss of a mate, thus, could result in
a reduction in fitness, even for individuals that are able to
acquire another mate.
Among capital breeders (Drent and Daan 1980), nutrient
storage before and during spring migration is essential for
reproduction (Ankney and MacInnes 1978; Ebbinge and
Spaans 1995; Morrison and Hobson 2004). In geese, pairs
with offspring are dominant to other pairs, which are in turn
dominate to single individuals in winter flocks (Raveling 1970;
Black et al. 2007), enhancing the ability of females in family
groups to acquire nutrients required for breeding. Social benefits of family groups are sufficiently strong that mate loss may
produce effects that carryover into future years even for females that can acquire mates. Female black brant that did not
breed in 1 year were also less likely to do so the next (Sedinger
et al. 2008), consistent with being in a family group in 1 year
positively influencing breeding effort the next year.
Mates are essential for adult female geese to acquire nutrient
reserves before breeding (McLandress and Raveling 1981b;
Akesson and Raveling 1982; Lamprecht 1987) because males
provide vigilance and defend foraging patches allowing females to feed undisturbed. Indeed, having a mate is so important to reproductive success in geese that females do not
undergo the physiological changes necessary for breeding if
they do not have a mate (Black 2001). Male geese are, however, not essential for completing incubation or brood rearing
(Prevett and MacInnes 1980; Cooke et al. 1981; McLandress
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and Raveling 1981a; Martin et al. 1985; Owen et al. 1988;
LeSchack et al. 1998). Future costs to a female of incubating
a clutch or rearing a brood alone has yet to be assessed, however. Divorce rates in geese are low (,0.05; Ens et al. 1996),
suggesting that costs, including reduced survival, of finding
new mates are substantial in relation to potential lifetime reproduction (Choudhury 1995; McNamara and Forslund 1996).
No study has yet examined survival costs of mate loss in longlived monogamous birds. Absence of such studies results in
part from the difficulty of distinguishing between mortality
and dispersal away from a breeding area. Burnham (1993)
and Barker (1997) capture–mark–recapture (CMR) models
use encounters at the local scale (e.g., breeding location)
and at the global scale (e.g., ring recoveries) to separate
permanent emigration from mortality, thereby allowing estimation of true survival and fidelity to a breeding area. We
used human harvest of brant during a long-term study of
uniquely marked individuals to estimate the effects of mate
loss on reproductive success, fidelity to the breeding area, and
true survival of adult female brant. Adult female brant do not
disperse from their breeding colony once they have nested
there (Sedinger et al. 2008), so emigration was synonymous
with nonbreeding. Because of the importance of mates for
access to resources, we predicted that mate loss would affect
both survival and reproductive success in brant.

preen, and acquire grit. Questar 35–1203 telescopes were used
to read rings in winter (Ward et al. 2004).
Removal of male member of pair
We obtained ring recovery information (e.g., date recovered
and ring number) from the Bird Banding Laboratory
(USGS) for individuals that were shot throughout the entire
year from 1987 through 2005 (97% of recoveries were between mid-September and mid-February). We limited this
analysis to females for whom the male mate was shot because:
1) we were interested in effect of mate loss on female and 2)
most males paired with females from other colonies after
mate loss and followed them to their home colonies after loss
of mates from TRC (Lindberg et al. 1998). We use the term
year to begin with nesting (when marked pairs were identified) and end with the closing of hunting season (typically
mid-February). We assigned all individuals to the following 2
treatment levels: 1) control: individuals where the male
member of the pair was not shot and reported in either year
t0 or t1 after observation as a marked pair or (2) treatment:
individuals for which only the male mate was shot and
reported in year i or i 1 1 after a marked pair was first
observed.
Analysis

MATERIALS AND METHODS
Field methods
Brant are long-distance migrants that breed in high latitude
(.60 N) coastal habitats from the mid-Canadian arctic, west
to Russia, and south to the Yukon–Kuskokwim Delta, Alaska
(Reed et al. 1998). Brant winter in coastal lagoons from the
Alaska peninsula in the north, to mainland Mexico in the south
(Reed et al. 1998; Ward et al. 2004). We conducted the nesting
component of this study at the Tutakoke River brant colony
(hereafter TRC; Sedinger et al. 1993) on the Yukon–Kuskokwim
Delta, Alaska from 1987 through 2005. Winter resighting efforts occurred during winter from 1989 through 2006 at coastal
lagoons primarily in Mexico, California, and British Columbia
(Ward et al. 2004). Pair status and mate identity only occurred
at TRC because pairs are easily identifiable, whereas in the
winter, aggregations are dense and dynamic.
Adult and young brant were captured during the adult remigial molt by herding them into corral traps in late July 1986
through 2007 (Sedinger et al. 1997). On capture, individuals
were fitted with a standard U.S. Geological Survey (USGS)
metal tarsal ring and a uniquely coded plastic tarsal ring
(2.5 cm tall). We measured diagonal tarsus using dial calipers
(60.1 mm; Dzubin and Cooch 1992) for most adult brant
(2 years old).
Forty-nine random 50 m radius plots were monitored
throughout the TRC from egg laying through hatch to record
clutch size and nest initiation dates. Marked individuals nesting within these plots were recorded. In addition, we searched
the remainder of the colony for nests where one or both individuals of the attending pair were marked. Marked individuals
were identified using 20–603 spotting scopes. We recorded
clutch size for nests found during egg laying. We estimated nest
initiation date by assuming one egg was laid per day (Nicolai
et al. 2004). We backdated 26 days from hatch dates to estimate nest initiation dates if egg laying was not observed. In
addition to observing pairs nesting, we classified females as
breeding if they were captured during ringing operations with
a brood patch.
Field crews on wintering and staging areas examined brant
flocks when birds came out of the water after high tide to rest,

We assigned a treatment level to each pair based on the following criteria: 1) control—neither member of the pair was shot in
the nonbreeding season immediately following detection as
a pair on the breeding colony; 2) shot year i—the male of
the pair was shot and reported during the nonbreeding season immediately following being detected as breeding at TRC,
and; 3) shot year i 1 1—the male of the pair was shot and
reported during the nonbreeding season 14–20 months following being detected breeding at TRC. This latter group was
not detected breeding in the summer before the male was
reported dead, but they were detected the previous summer.
We pooled these last 2 treatments due to small sample size,
under the assumptions that annual survival rates are high
(;0.90; Sedinger et al. 2007) and divorce rates are low (Black
et al. 2007). That is, we assumed both members of the pair
were still alive and together during the breeding season
immediately preceding the male being shot.
We calculated return rates of individual females where the
male was not removed following being detected as a marked
pair for 18 breeding cohorts (individuals observed breeding
in a given year). We also calculated return rates for a pooled
sample of females whose mates were shot. We calculated return
rates by dividing the number observed breeding each year after
treatment by the total number in the breeding cohort. We calculated a cumulative return rate for each breeding cohort and
for the pooled sample of treated females.
To examine effects of mate loss on subsequent survival and
fidelity of females to TRC, we used the Barker CMR model
implemented in program MARK (Barker 1997; White and
Burnham 1999). The Barker model incorporated observations
from the breeding colony as well as recoveries from brant shot
by hunters and observations of individuals during winter. We
used a Barker model because it allowed permanent emigration to be separated from mortality, using reporting of harvested individuals and winter observations of individuals away
from TRC. Harvested individuals and those observed away
from the breeding area were representative of the global
brant population, including nonbreeders, whereas those observed at TRC were representative of the local breeding population (e.g., Burnham 1993). Taken together, encounters of
individuals both at TRC and away from TRC allowed us to
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estimate both true annual survival and fidelity to TRC
(Burnham 1993; Barker 1997; White and Burnham 1999).
Because adult females are nearly completely faithful to TRC
(fidelity ; 1.0; Sedinger et al. 2008), ‘‘dispersal’’ after mate
loss was almost certainly associated with nonbreeding by females that lost their mates. The Barker model, thus allowed us
to distinguish between survival and breeding costs of mate
loss. We conditioned the initial release into the study on the
first time females were seen nesting and their marked mate
was identified. We used subsequent encounters on breeding
areas (nesting and/or brood rearing), reports of harvested
birds from USGS-Bird Band Laboratory, and resightings from
wintering areas to construct encounter histories. We excluded
pairs where both individuals were shot in the same day to
eliminate confounding between a shared mortality risk and
fitness costs to females of losing their mates. We report the
following parameters from the Barker analysis: S (true annual
survival), p (encounter probability at the TRC), r (reporting
rate, the probability that an individual died [including being
shot] during the nonbreeding season and the ring was reported), R (probability an individual alive during the breeding season was observed during the preceding nonbreeding
period), F (fidelity of individuals to the TRC). All individuals
that were ‘‘reported’’ in this study were shot by hunters; thus,
differences in reporting rates reflected differences in the underlying mortality process, combined with differences in harvest rates. Ring recovery rates (as distinguished from
reporting rates) represent the probability that an individual
was shot by a hunter, and the ring was reported to the U.S.
Geological Survey Bird Banding Laboratory (Brownie et al.
1985). Recovery rates, thus represent a direct index of harvest
rate, which can transformed to an estimate of harvest rate if
ring reporting rates (as a component of recovery rates) are
known (Nichols et al. 1995). The terminology here can be
confusing. Reporting rates that are components of ring recovery rates are different parameters from the reporting rates
we estimated in our analyses. Ring recovery rates can be approximated from estimates of Barker reporting rates (r) using
the formula f = r 3 (1 – S) (Barker 1997; White and Burnham
1999; Nicolai et al. 2005).
We used 2 separate sets of year-specific individual covariates in
which individuals were assigned 0 for no mate loss and 1 for
mate loss. For the first covariate (cov1), females received a 1
in the year their mate was shot and a 0 in all other years. This
covariate allowed us to assess the impact of mate loss on survival
and fidelity of females to TRC only in the year after mate loss. In
the second covariate (covF), we assigned females a 1 in the year
of mate loss and in all subsequent years. This second covariate
allowed us to examine lifetime effects of mate loss. We only considered models that allowed encounter probability (p) at TRC
and resighting probability (R) in winter to vary by year. We
constrained parameters in the Barker model so our estimates
of fidelity to TRC were derived only from effects of permanent
emigration (Barker 1997; Nicolai 2010).
Our modeling approach had 3 steps. First, we considered all
possible models that allowed survival (S), reporting rate (r),
and fidelity (F ) to TRC to vary by year (t), or we constrained
parameters to be constant across years. Second, we used the
best supported model in the first stage and considered models
in which cov1 was used to explain variation in survival and
reporting rate, and covF was used to explain variation in fidelity to TRC. These models allowed us to examine whether loss
of a mate influenced either survival or fidelity to TRC. We only
allowed covF rather than cov1 to explain variation in fidelity
to TRC because for females that were alive but never returned, we could not determine when permanent emigration
actually occurred. Last, in the best supported model from
level 2, we tested models where we replaced cov1 with covF
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Table 1
Numbers of marked black brant pairs identified by reading coded
tarsal rings at the TRC, Alaska, and recovered in either the
immediately following or subsequent hunting season
Number of marked pairs
Reported year i 1 1

Reported year i
Year (i)

Control

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
TOTAL

16
41
95
146
132
206
110
167
196
158
110
133
174
169
71
128
110
107
119
2338

Both

Female
only

1
1
1
1
1
3
3
1
1

1
2
2
7
2
3
2
2
2
3
4
1
1

Male
only
1
1
2
1
2

2
15

1

2
1
1

3
29

Female
only
1
1
3

2
3
2
3
6
2
3

3
3
3
41

Both

1

8

2
2
1
4
3
1
2
3
4
4
1
1
1
3
1
38

Male
only
1
1
2
2
2
2
1
4
2
2
1
2

3
4
29

for explaining survival and reporting rate to examine the hypothesis that loss of a mate had lifetime consequences for
survival. At this stage, we also considered models in which
nest initiation date relative to other clutches in the same year,
clutch size relative to other clutches in the same year, and
tarsus length were considered as explanatory variables for reporting rate and fidelity to TRC. Our rationale for these models was that individual quality is associated with nesting date,
clutch size, and body size (Sedinger et al. 1995).
We did not include an estimate of c (overdispersion parameter, ĉ ) in our variance estimates or model selection because no
method currently exists for estimation of c for the Barker estimator. However, c was likely near 1.0, given that this analysis only
includes females and not pairs (Schmutz et al. 1995), and the ĉ
from a Brownie estimator in Sedinger et al. (2007) was near 1.0
(;1.1). We present model-averaged parameter estimates
6standard error derived from models with a DAICc  4.0.
RESULTS
Two thousand four hundred and ninety-eight unique females
identified with a marked mate were observed nesting at TRC
from 1987 to 2005 (Table 1). These initial releases resulted
in 4117 subsequent resightings at TRC, 330 ring recoveries,
and 1237 resightings on wintering areas with 2338 control
and 58 treatment individual females (Table 1). Twenty-three
additional pairs had both members shot in the same year as
each other and in 15 of these, both mates were shot within 1
day of each other. These 15 pairs were removed from all further
analyses because of the potential that both members of the pair
were shot together, in which case death of the female did not
represent a cost of mate loss. Asymptotic return rate was 0.55
for treatment females. Asymptotic return rate for 18 control
cohorts ranged from 0.57 to 0.82 (mean = 0.66) (Figure 1).
In our analysis using the Barker model, we first identified the
best performing model that allowed survival, reporting rate,
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Figure 1
Cumulative return rates for adult female black brant nesting at the
Tutakoke River Colony in which either 1) the male member of the
pair was removed (dotted line) or 2) 18 cohorts of control
individuals (shaded area). The shaded region depicts the range of
cumulative return rates for females for which we have no record of
mate loss; the thick black line is the mean estimate for this group. We
provide predicted cumulative return rates based on our estimates of
survival, fidelity, and mean capture probability for the control and
treatment groups.

and fidelity to TRC to remain constant across years (Table 2).
The overall best supported model allowed survival and reporting rate to differ in the year of mate loss (cov1) and constrained fidelity to TRC to remain constant. We found
substantial support for models containing cov1; sum of Akaike
weights (Rwi) = 0.83 and 0.55 for effects of cov1 on survival

Table 2
Models of survival (S), encounter probability (p), reporting rate (r),
resighting probability (R), and fidelity (F) for black brant nesting at
the TRC, Alaska, 1987–2007

a

Modela

AICc

DAICc

Model weight

K

S(cov1) p(t) r(cov1) R(t) F(.)
S(cov1) p(t) r(.) R(t) F(.)
S(cov1) p(t) r(covF) R(t) F(.)
S(cov1) p(t) r(.) R(t) F(cov1)
S(.) p(t) r(cov1) R(t) F(.)
S(.) p(t) r(.) R(t) F(.)
S(.) p(t) r(.) R(t) F(cov1)
S(covF) p(t) r(.) R(t) F(.)
S(t) p(t) r(.) R(t) F(.)
S(.) p(t) r(t) R(t) F(.)
S(t) p(t) r(.) R(t) F(t)
S(.) p(t) r(.) R(t) F(t)
S(t) p(t) r(t) R(t) F(.)
S(t) p(t) r(t) R(t) F(t)
S(.) p(t) r(t) R(t) F(t)

24428.4
24428.7
24429.4
24430.5
24431.2
24432.3
24433.9
24434.0
24435.3
24446.4
24447.1
24452.1
24452.8
24464.4
24464.9

0.0
0.4
1.1
2.2
2.8
4.0
5.6
5.7
6.9
18.1
18.8
23.8
24.4
36.1
36.6

0.30
0.25
0.18
0.10
0.07
0.04
0.02
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00

40
39
40
40
39
38
39
39
56
56
73
55
74
91
73

Analysis based on Barker parameterization of CMR models. The
Barker model provides estimates of true annual survival, fidelity to the
breeding colony, and ring reporting rate.
Model notation is as follows: 1) the 5 parameters of interest are: S =
true annual survival, p = encounter probability at TRC, r = ring
reporting rate, R = encounter probability on wintering areas, and F =
fidelity to TRC; 2) parameter structure: (.) = constant, t = varies
annually, cov1 = individual binomial covariate depicting a single year
effect of mate loss, and covF = individual binomial covariate depicting
a lifelong effect of mate loss.

Figure 2
Model averaged estimates of annual survival, reporting rate, and
fidelity (6standard error) of female black brant for whom the male
member of the pair was removed compared with control pairs for all
models with nAICc  4.0.

and reporting rate, respectively. Overall, we found little support for annual variation in annual survival, reporting rate,
and fidelity to TRC: Rwi = 0.01, 0.00, and 0.00, respectively.
Model averaged estimates of annual survival in the year after
treatment were lower for treated (0.71 6 0.081) than control
(0.85 6 0.004) individuals (Figure 2). We found no support
for lifelong effects (covF) on annual survival. Treated individuals experienced increased reporting rates (0.12 6 0.086)
compared with controls (0.06 6 0.006) (Figure 2) in the year
of mate loss (cov1). Because a model containing lifelong effects of mate loss (covF) on reporting rate had little support
(wi = 0.18), we derived model-averaged parameter estimates
for this model for the first year after treatment only. Converting reporting rates to ring recovery rates produced estimates
of ring recovery rates of 0.03 and 0.01 for treated and control
individuals, respectively. This allowed for a direct comparison
with concurrent estimates of ring recovery rates for the same
population (Sedinger et al. 2007). We found little support for
treatment effects on fidelity to TRC as estimates were nearly
identical for the 2 groups (Rwi = 0.12; F = 0.97 6 0.013 and
0.97 6 0.004, for treatment and control females, respectively)
(Figure 2), indicating that treatment and control females returned to breed at the same rates if they survived. We found
no support for effects of relative clutch size before treatment,
nest initiation date before treatment, or diagonal tarsus
length on either reporting rate or fidelity to TRC after mate
loss (DAICc . 10.0; Nicolai 2010).
DISCUSSION
Our results provide strong evidence that survival of female
brant declines substantially when they lose their mates. Lower
survival after mate loss might be expected in species where
paired individuals enjoy higher social status (Black et al.
2007) and loss of a mate reduces access to food or other
resources (Lamprecht 1987; Choudhury 1995). By not having
a mate to provide vigilance during feeding bouts, body condition may be impacted and makes female brant more vulnerable to other mortality events such as predation and increased
likelihood of disease or parasitism. Additionally, increased investment in rearing offspring after mate loss could also result
in lower survival of the surviving mate (Daan et al. 1996).
Lower survival of treatment females cannot be attributable
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to harvest because: 1) we removed females from the analysis
that were shot and reported within 1 day of the date their
mate was reported and 2) the harvest rate we estimated is
not sufficient even under a fully additive harvest model
(Anderson and Burnham 1976) to account for the reduction
in survival we observed.
Change or loss of mate is typically followed by lower reproductive investment or success (Ens et al. 1996; Catry et al.
1997; van de Pol et al. 2006). We found no support for reduced breeding performance for females that survived after
the loss of a mate. Widowed females, if they survived, returned
to breed at the same rate as control females and actually laid
larger clutches than control females (Nicolai 2010). We interpret the latter result as an indication that only higher quality
individuals survived, formed new pair bonds, and resumed
breeding. That is, females who were of higher quality and laid
larger clutches (e.g., Daan et al. 1990) before they lost their
mates were more likely to survive loss of their mates and return
to the breeding population. Both control and treatment groups
averaged greater than 5 years old (mean ages were 6.2 6 3.3,
4.9 6 2.5, 7.1 6 3.3, and 6.0 6 3.1 for control known age,
control minimum age [ringed as unknown age adults], treatment known age, and treatment minimum age, respectively).
Because clutch size does not increase with age beyond 5 years
of age (Sedinger et al. 1998), larger clutch sizes for females
that lost their mates cannot be attributed to their being
slightly older than control females. We also found no relationship between age or structural size (total tarsus length) and
probability of being harvested or the probability of returning
to breed after mate loss (Nicolai 2010), and therefore, suggest
that variation in quality must be related to factors other than
age or size.
We found support for the hypothesis that ring reporting
rate increased after mate loss. Transforming ring reporting
rate to a ring recovery rate (Williams et al. 2002), produced
estimates of recovery rate for the control birds in this study
were similar to those presented in Sedinger et al. (2007). Ring
recovery rates for individuals who lost their mates were
approximately 3 times higher than for control individuals.
Because ring recovery rates provide an index to harvest rate
(Reynolds and Sauer 1991), our results suggest that individuals that lost their mates were more vulnerable to harvest after
mate loss. Because we removed from the analysis all individuals that were shot within 1 day of their mates, higher harvest
rates for females that lost their mates were not an artifact of
them being shot with their mates. Even if harvest was completely additive to other forms of mortality, however, increased
risk of harvest accounted for only about 20% (0.03/0.14) of
the increased mortality experienced by females that lost their
mates. Thus, our results show that a substantial cost of mate
loss in brant is manifested in reduced survival of females after
loss of their mates.
A reasonable hypothesis, to explain increased mortality after
mate loss, is that females must forage without the vigilance and
defense of foraging space offered by their mate (Gauthier and
Tardif 1991), resulting in lower body condition, which has
been shown to increase vulnerability to harvest (Hepp et al.
1986) and potentially other forms of predation in ducks. Because we used a capture–recapture model that allowed for
encounters away from the marking area (e.g., winter encounters and hunter recoveries), we were able to control for individuals that permanently emigrated from our study site
(Barker 1997). Consequently, the additional mortality experienced by females that lost their mates represented higher true
mortality and could not have been influenced by dispersal
away from the breeding colony.
We used fidelity to TRC as a surrogate for breeding propensity (Sedinger et al. 2008) because breeding brant show nearly
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absolute fidelity to the TRC once they have nested there
(Lindberg et al. 1998; Sedinger et al. 2008), and a significant
proportion of ‘‘dispersers’’ are actually permanent nonbreeders away from the TRC colony (Lindberg et al. 1998;
Sedinger et al. 2008). We, therefore, interpreted differences
in fidelity to TRC between females that lost their mates and
controls as evidence that mate loss resulted in permanent
nonbreeding. Our data did not allow for examination of temporary nonbreeding (too few treated females). We expected
to detect differences in fidelity to TRC (associated with nonbreeding) between control females and those that lost their
mates. We did not, however, detect a difference in breeding
(as measured by fidelity to TRC) between treated and control
groups, and our results indicate that if females that lost their
mates survived the initial year after mate loss, they formed
new pair bonds and resumed breeding at the same rate as
control females.
Fitness is a function of adult survival and recruitment of offspring into the breeding population. Recruitment is, in turn,
the product of numerous life history traits, including adult
breeding propensity, clutch size, nest success, and survival of
young until age of breeding. Therefore, studies attempting
to estimate overall fitness must take into account all of these
factors to obtain an unbiased estimate of fitness. We believe
our study is the first to fully characterize affects of mate loss
on traits determining fitness in precocial birds. We show that
reduced annual survival of adult female brant after loss of their
mate is the principal mechanism by which fitness is reduced for
females that lost their mates.
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Cézilly F, Dubois F, Pagel M. 2000. Is mate fidelity related to site fidelity?
A comparative analysis in Ciconiiforms. Anim Behav. 59:1143–1152.
Choudhury SA. 1995. Divorce in birds a review of the hypotheses.
Anim Behav. 50:413–429.
Cooke F, Bousfield MA, Sadura A. 1981. Mate change and reproductive success in the Lesser Snow Goose. Condor. 83:322–327.
Daan S, Deerenberg C, Dijkstra C. 1996. Increased daily work precipitates natural death in the Kestrel. J Anim Ecol. 65:539–544.
Daan S, Dijkstra C, Tinbergen JM. 1990. Family planning in the kestrel
(Falco tinnunculus): the ultimate control of covariation of laying
date and clutch size. Behavior. 114:83–116.
Drent RH, Daan S. 1980. The prudent parent: energetic adjustments
in avian breeding. Ardea. 68:225–252.
Dzubin A, Cooch EG. 1992. Measurements of geese: general field
methods. Sacramento (CA): California Waterfowl Association.
Ebbinge BS, Spaans B. 1995. The importance of body reserves accumulated in spring staging areas in the temperate zone for breeding
in Dark-bellied Brant Geese Branta b. bernicla in the high Arctic.
J Avian Biol. 26:105–113.
Ens BJ, Choudhury S, Black JM. 1996. Mate fidelity and divorce in
monogamous birds. In: Black JM, editor. Partnerships in birds: the
study of monogamy. Oxford: Oxford University Press. p. 344–401.
Forero MG, Donazar JA, Blas J, Hiraldo F. 1999. Causes and consequences of territory change and breeding dispersal distance in the
Black Kite. Ecology. 80:1298–1310.
Gauthier G, Tardif J. 1991. Female feeding and male vigilance during
nesting in Greater Snow Geese. Condor. 93:701–711.
Gowaty PA, Mock DW. 1985. Avian monogamy. Ornithol Monogr. 37.
p. 1–121.
Hepp GR, Blohm RJ, Reynolds RE, Hines JE, Nichols JD. 1986. Physiological condition of autumn-banded mallards and its relationship
to hunting vulnerability. J Wildl Manage. 50:177–183.
Lamprecht J. 1987. Female reproductive strategies in bar-headed
geese (Anser indicus): why are geese monogamous? Behav Ecol Sociobiol. 21:297–305.
LeSchack CR, Afton AD, Alisauskas RT. 1998. Effects of male removal
on female reproductive biology in Ross’ and Lesser Snow Geese.
Wilson Bull. 110:56–64.
Lindberg ML, Sedinger JS, Dirksen DV, Rockwell RF. 1998. Natal and
breeding philopatry in a Black Brant, Branta bernicla nigricans, metapopulation. Ecology. 79:1893–1904.
Martin K, Cooch FG, Rockwell RF, Cooke F. 1985. Reproductive performance in lesser snow geese: are two parents essential? Behav Ecol
Sociobiol. 17:257–263.

Behavioral Ecology

McLandress MR, Raveling DG. 1981a. Changes in diet and body composition of Canada geese before spring migration. Auk. 98:65–79.
McLandress MR, Raveling DG. 1981b. Hyperphagia and social behavior
of Canada geese prior to spring migration. Wilson Bull. 93:310–324.
McNamara JM, Forslund P. 1996. Divorce rates in birds: predictions
from an optimization model. Am Nat. 147:609–640.
Morrison RIG, Hobson KA. 2004. Use of body stores in shorebirds after
arrival on High-Arctic breeding grounds. Auk. 121:333–344.
Nichols JD, Reynolds RE, Blohm RJ, Trost RE, Hines JE, Bladen JP.
1995. Geographic variation in band reporting rates for mallards
based on reward banding. J Wildl Manage. 59:697–708.
Nicolai CA. 2010. Fitness and implications of reproductive decisions
for Black Brant nesting on the Yukon-Kuskokwim Delta, Alaska
[PhD dissertation]. [Reno (NV)]: University of Nevada Reno.
Nicolai CA, Flint PL, Wege ML. 2005. Survival, fidelity, and recovery
rates of Northern Pintails banded on the Yukon-Kuskokwim Delta,
Alaska. J Wildl Manage. 69:1202–1210.
Nicolai CA, Sedinger JS, Wege ML. 2004. Regulation of development
time and hatch synchronization in Black Brant (Branta bernicla nigricans). Funct Ecol. 18:475–482.
Owen M, Black JM, Liber H. 1988. Pair bond duration and timing of
its formation in barnacle geese (Branta leucopsis). In: Weller MW,
editor. Waterfowl in winter. Minneapolis (MN): University of
Minnesota Press. p. 23–38.
Prevett JP, MacInnes CD. 1980. Family and other social groups in snow
geese. Wildl Monogr. 71:6–44.
Raveling DG. 1970. Dominance relationships and agonistic behavior
of Canada geese in winter. Behaviour. 37:291–317.
Reed A, Ward DH, Derksen DV, Sedinger JS. 1998. Brant (Branta bernicla). In: Poole A, Gill F, editors. The birds of North America No. 337.
Philadelphia (PA): The Birds of North America, Inc. p. 1–32.
Reynolds RE, Sauer JR. 1991. Changes in mallard breeding populations in
relation to production and harvest rates. J Wildl Manage. 55:483–487.
Schmutz JA, Ward DH, Sedinger JS, Rexstad EA. 1995. Survival estimation and the effects of dependency among animals. J Appl Stat.
22:673–681.
Sedinger JS, Chelgren ND, Ward DH, Lindberg MS. 2008. Fidelity and
breeding probability related to population density and individual
quality in black brant geese (Branta bernicla nigricans). J Anim Ecol.
77:702–712.
Sedinger JS, Flint PL, Lindberg MS. 1995. Environmental influence
on life-history traits: growth, survival and fecundity in Black Brant
(Branta bernicla). Ecology. 76:2404–2414.
Sedinger JS, Lensink CJ, Ward DH, Anthony RM, Wege ML, Byrd GV.
1993. Current status and recent dynamics of the black brant Branta
bernicla breeding population. Wildfowl. 44:49–59.
Sedinger JS, Lindberg MS, Person BT, Eichholz MW, Herzog PW, Flint
PL. 1998. Density-dependent effects on growth, body size, and
clutch size in brant. Auk. 115:613–620.
Sedinger JS, Lindberg ML, Rexstad EA, Chelgren ND, Ward DH.
1997. Testing for handling bias in survival estimation for Black
Brant. J Wildl Manage. 61:782–791.
Sedinger JS, Nicolai CA, Lensink CJ, Wentworth C, Conant B. 2007.
Black brant harvest, density dependence, and survival: a record of
population dynamics. J Wildl Manage. 71:496–506.
van de Pol M, Heg D, Bruinzeel LW, Kuijper B, Verhulst S. 2006.
Experimental evidence for a causal effect of pair-bond duration
on reproductive performance in oystercatchers (Haematopus ostralegus). Behav Ecol. 17:982–991.
Ward DH, Schmutz JA, Sedinger JS, Bollinger KS, Martin PD, Anderson BA. 2004. Temporal and geographic variation in survival of
juvenile Black Brant. Condor. 106:263–274.
White GC, Burnham KP. 1999. Program MARK: survival estimation
from populations of marked animals. Bird Study. 46:120–139.
Williams BK, Nichols JD, Conroy MJ. 2002. Analysis and management
of animal populations. San Diego (CA): Academic Press.

