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ABSTRACT Estimating total number of birds using a particular staging site during migration is challenging because counts alone do not
account for turnover in the local population. Robust statistical methods are needed to more fully assess the conservation value of such sites. We
used the multi-strata model in Program MARK to estimate time-dependent transition probabilities between sequential staging sites to estimate
lengths of stay for spring-staging Pacific black brant (Branta bernicla nigricans) on the Fraser River delta and Parksville-Qualicum areas in the
Strait of Georgia, British Columbia, Canada. Using resightings of marked individuals in combination with ground counts, we estimated the
total number of brant, with associated uncertainties, staging at these sites during the spring migrations of 1999 and 2000. We estimated
between 28,927 and 33,181 individual brant transited the Fraser River delta and Parksville-Qualicum sites in 1999 and between 21,621 and
25,405 individuals in 2000. These totals correspond to approximately 18–26% of the entire Pacific Flyway brant population, suggesting the
need for continued conservation and management efforts at these sites. Given the importance of staging sites to migratory populations, we
believe this method could be applied to other species and locations. ( JOURNAL OF WILDLIFE MANAGEMENT 72(6):1342–1351; 2008)
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Spring-staging is a critical phase in the annual cycle of
Arctic-nesting geese. Condition of spring staging habitats
and behavior of birds during this time can have important
consequences for individual fitness and, subsequently,
population dynamics. Nutrient reserves accumulated at
staging sites are used by both males and females to fuel
northward migration and by females to develop and incubate
eggs (Ankney and MacInnes 1978, Raveling 1979, Ebbinge
1988, Black et al. 1991).
Arctic-nesting geese exhibit fidelity to spring-staging sites
(Greenwood 1980). This dependence upon traditional
staging sites means that changes to, or loss of, these sites
may negatively affect nutrient acquisition rates and hence
overall fitness at the population level. Conservation efforts
require an understanding of the relative importance of
known staging sites, which is equivalent to the total number
of birds (i.e., vol) using the site (Thompson 1993,
Frederiksen et al. 2001). For populations transiting staging
sites (i.e., migrating birds) estimating volume requires that
residence times be estimated in addition to abundance
(Frederiksen et al. 2001).
Previous volume estimates for Arctic geese have been
generated through statistical (e.g., Routledge et al. 1999)
and modeling approaches (e.g., Frederiksen et al. 2001).
The statistical approach uses estimates of mean residency (or
length of stay [LOS]) and counts. Because LOS varies
among individuals and over time (van Eerden et al. 1991),
use of a mean value for an entire staging period may bias
volume estimates and underestimate uncertainty in the
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calculation of volume (Frederiksen et al. 2001). Frederiksen
et al. (2001) used estimates of bird abundance in
combination with survival probabilities for birds at a staging
site to improve volume estimation. In the latter application,
survival probability refers to the probability of a bird
remaining at a site for a specified time interval, a metric
directly related to LOS.
We used capture–mark–recapture data in conjunction with
counts for specified time periods to yield estimates of
volume and associated uncertainty to estimate total number
of Pacific black brant (Branta bernicla nigricans; hereafter,
brant) staging on the Fraser River delta (FRD) and at
Parksville-Qualicum (PQ) in the Strait of Georgia, British
Columbia, Canada. Together, these sites account for .75%
of all brant staging in the Strait (K. R. Hagmeier, EBB
Environmental Consulting Inc., unpublished data; E. L.
Nygren, Nygren Consulting, unpublished reports). Brant
from wintering areas to the south start arriving in the Strait
by late February and reach a peak by late March or early
April. Reed et al. (1998c) documented levels of interannual
fidelity of 81% and 87%, respectively, to these sites.
Although brant have been counted over many years, the
actual total numbers of individuals staging at these 2 sites
have never been estimated. Consequently, the relative
importance of these sites to the Pacific Flyway Brant
Population (PFBP) is difficult to ascertain. Our objective
was to develop a method that allowed us to estimate the
volumes of brant, with associated uncertainties, transiting
two important staging sites on the Strait of Georgia, British
Columbia. In addition, we would be able to estimate the
extent of interchange, if any, between the sites to help assess
the importance of the sites to the PFBP.
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As a result, these sites were under increasing threat from
urban and industrial development and pressure from
recreation and tourism (Transboundary Georgia BasinPuget Sound Environmental Indicators Working Group
2002).

METHODS
Data Collection
Beginning in 1985, brant have been marked on their
northern breeding and molting grounds with individually
coded, plastic leg bands (Lindberg et al. 1998). These bands
are readable with a 603 spotting scope at a distance of up to
300 m (Sedinger et al. 1995). Roughly 8–10% of the brant
observed in British Columbia carry these bands (Reed 1997;
K. R. Hagmeier, unpublished data). Most of the marked
birds we observed were tagged on the Yukon-Kuskokwim
Delta, Prudhoe Bay, and Teshepuk Lake (AK), on Banks
Island in Arctic Canada and on Wrangel Island (Russia).
We recorded leg-bands daily at the FRD and PQ sites
from mid-February until mid-May in 1999 and 2000. Each
survey involved driving a specific coastal route to access all
beaches and embayments used by staging brant. Generally,
surveys were conducted by 1–2 observers each day, and travel
direction was alternated on consecutive days. We estimated
abundance daily at PQ but only 2–3 times per week on the
FRD.
Figure 1. North America, highlighting the Strait of Georgia, British
Columbia, Canada, and showing the 2 most important staging sites there
for brant during spring migration (from mid-Feb to May): the Fraser River
delta site (collectively Roberts Bank, Point Roberts, and Boundary Bay)
near the city of Vancouver on the mainland coast, and the ParksvilleQualicum site (collectively Qualicum Bay and Parksville) on the east coast
of Vancouver Island, where we observed birds in 1999–2000. Wintering
(Baja California, Mexico) and breeding (Izembek Lagoon and the YukonKuskokwim Delta, AK) areas are also shown.

STUDY AREA
The FRD is located near the city of Vancouver on the
mainland coast of British Columbia (approx. 498N), and PQ
is on the east coast of Vancouver Island (Fig. 1). Specific
study sites on the FRD included Boundary Bay and Roberts
Bank (BC) and Point Roberts (WA; Fig. 1). The PQ study
site consisted of a 17-km stretch of beach between Parksville
and Qualicum, designated as a provincial Wildlife Management Area.
The FRD is the largest estuary in British Columbia and
one of the most important ecosystems for migrant and
wintering waterfowl in Canada (Important Bird Areas
Canada 2004). At low tide, expansive mudflats and eelgrass
beds (Zostera marina and Z. japonica) were exposed. The PQ
site was characterized by beaches and eelgrass. Each spring
along the PQ coastline, Pacific herring (Clupea pallasi)
broadcast roe on eelgrass and adjacent beaches, providing a
pulse of nutrients for migrating waterbirds, including brant.
Upland areas adjacent to both the FRD and PQ sites were
experiencing high human population growth rates (British
Columbia Ministry of Labor and Citizens’ Services 2006).
Hagmeier et al.
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Multi-Strata Model of Brant Residency
Program MARK’s multi-strata model (White and Burnham
1999) is an extension of the generalized Cormack–Jolly–
Seber model, which facilitates estimation of transition
probabilities between strata (Hestbeck et al. 1991, Brownie
et al. 1993). In our study, strata refer to geographic locations
along a northward migration route transited by migrating
brant. The conceptual design of our model required that, in
addition to the FRD and PQ sites, we needed 2 additional
reference sites to model northern migration through the
Strait of Georgia. We defined the first site as, collectively, all
sites south of the Strait of Georgia, where migration begins.
We defined the fourth site as, collectively, all sites north of
the Strait of Georgia, where migration ends, such that the 4
strata were A ¼ south (migration starts), B ¼ FRD (staging
site), C ¼ PQ (staging site), and D ¼ north (migration ends).
A complete encounter history records the stratum where
the bird is seen in a particular time interval, in our case a
weekly interval, e.g., AAAB0BB0BBBDDDD, where 0
represents no sighting, and where we tacitly assume that
brant were in stratum A before arrival at stratum B or C,
then arrived in stratum D once having departed stratum B
or C. Note that although strata B and C are geographically
close, movement from B to C or C to B was extremely rare.
For each year, we divided our capture–mark–recapture
(CMR) data into 7-day periods, which is a compromise
between a loss of resolution in the raw data and a
manageable amount of data and associated parameters for
analysis. As illustrated in the above-mentioned example
encounter history, 15 weekly periods covered the time from
1343

mid-February until the end of May, with those weekly
periods corresponding across years and strata.
Before analysis, we divided the leg-band data into 2 groups
and modeled them separately for each year. Group 1
contained band data for birds observed only once within a
year (hereafter single-sight data), and group 2 contained
data for birds observed multiple times (hereafter multi-sight
data). Notwithstanding that we may have missed some
single-sight birds during searches, these groups represented
2 qualitatively distinct staging patterns consistent with
previous observations of brant staging in the Strait of
Georgia (Routledge et al. 1999). Single-sight brant did not
seem to use staging sites to accumulate body reserves but
moved quickly through the area. Conversely, multi-sight
birds staged for varying lengths of time, accumulating
reserves for flight to and breeding on the Arctic nesting
grounds. Using the multi-strata Recaptures Only option in
MARK, we used 3 separate analyses for each year to
estimate transition probabilities for the following movement
segments: 1) single-sight A to B or C, 2) multi-sight A to B
or C, and 3) multi-sight B or C to B, C, or D. (Note that
single-sight B or C to D is equivalent to single-sight A to B
or C, positively offset by 1 week, and that the multi-sight
models accommodated the rare, but observed, transition
between strata B and C.)
Model notation followed Cooch and White (2007) where
pri ¼ probability that a marked bird in stratum r at time i is
sighted at time i.
Wrsi ¼ transition probability that a marked bird in stratum r
at time i is in stratum s at time i þ 1.
We defined apparent survival between strata as Uirs ¼ Sir Wirs
where we assumed probability of individual survival Sir to be
1 because mortality during the low-risk staging tenures is
considered insignificant (Hestbeck et al. 1991, Reed et al.
1998c), thus Uirs ¼ Wirs.
Standard assumptions for CMR analysis included 1) every
marked bird had the same probability ( p) of being observed,
2) all observations were considered equally likely within the
time interval i, 3) individuals and individual fates were
independent, 4) marking of individuals was random, and 5)
there were no behavioral effects from marking (Seber 1982,
Pollock et al. 1990, Hestbeck et al. 1991). Assumptions
specific to our MARK analyses included 1) leg-band data
sets contained insignificant observation errors, 2) mortality
between weekly time periods was negligible (i.e., Sir ¼ 1), 3)
probability of sighting on stratum A ¼ 1, because we
considered an individual to be in stratum A until it was
observed in either B or C, 4) probability of sighting on
stratum D ¼ 1, because we considered an individual to have
arrived in stratum D when it was no longer observed in
either B or C, 5) once in stratum B or C, individuals could
not return to A (i.e., spring migration was consistently
north), and 6) once in stratum D, individuals could not
return to B or C (i.e., spring migration was consistently
north).
We used MARK’s Multi-strata Recaptures Only option to
evaluate competing model structures to describe the pattern
1344

of the transition probabilities among strata over time. We
determined that we had sufficient data to entertain model
structures that presumed that transitions probabilities varied
either independently by week, or as logit-linear or logitquadratic functions of week or cohort. A cohort refers to all
brant arriving on a stratum in a particular week. We chose
the best models based on the Quasi Akaike’s Information
Criterion adjusted for small sample size (QAICc ), to take
into account the extra-binomial dispersion of error variance
resulting from the nonindependent behavior of individual
birds (Anderson et al. 1994, Burnham and Anderson 2002).
Because MARK does not offer a parametric bootstrap
goodness-of-fit (GOF) test for multi-strata models, we
estimated ^c conservatively using the mean of 1,000 deviance
values obtained by generating randomized encounter history
frequencies from the expected encounter history frequencies
for comparison with the deviance obtained from the
observed encounter history frequencies (see Pollock et al.
1990 on GOF testing).
Length of Stay
The expected LOS for an individual brant in the multi-sight
category was estimated for each weekly cohort of brant.
First, for each of FRD and PQ we sequentially calculated
the unconditional probability of a brant leaving stratum B or
C in week i (pDi), having first been seen on that stratum in
week w (1 , w , k  1) where
!
i1
X
pDi ¼ ð1  pRi Þ 1 
pDj
j¼w

for i , the last week (k) of staging at the stratum
!
i1
X
pDi ¼ 1 
pDj
for i ¼ k;
j¼1

where pRi is MARK’s estimate of the conditional probability of remaining at the stratum in week i having been
present there in week i  1, and j is an index for week. We
then calculated expected LOS (Tw) for each arrival week, w,
as
Tw ¼

k
X

pDi :

i¼w

We corrected a posteriori the values for LOS we calculated
above for the assumption that birds arrived on stratum B or
C the first week they were observed, using the multi-sight
resighting probabilities (pri ) estimated generated by MARK.
We did not apply these adjustments to the single-sight data,
because we defined birds in the single-sight category as
those that arrived and departed within the week in which
they were observed.
We calculated the revised estimate for the week of arrival
(A^ ) using
A^ ¼

w
X

0
iPA;i

i¼1
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Figure 2. Weekly surveys of Pacific Flyway Brant on the Fraser River Delta and Parksville-Qualicum, British Columbia, Canada, spring-staging sites in 1999
and 2000. We took weekly counts to be the maximum number of brant counted on any day of that week.

where w is the first week a marked bird was seen, i is week,
0
and PA;i
is the probability that the marked bird arrived in
week i or later if it had not been seen before w. We
0
calculated PA;i
as
0
PA;i
¼ PA;i

w
Y
ð1  prj Þ

and the proportion of birds that were classified as singlesight or multi-sight from the band observation data, which
led directly to an estimate of the volume of single-sight
brant
V^SS ¼

j¼i

N

1
Pi1

j¼1

!
1

;

i.e., the probability that the marked bird arrived in week i,
given it had not arrived before i and pri is the probability of a
marked bird having been seen in week i ¼ 2, . . . N, given
that it was present. We estimated the standard error of A^ as
follows:
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
w
X
2
^
SA ¼
i2 P 0  A^ :
A;i

i¼1

Volume Estimates
We calculated volume estimates for each stratum by
summing the independently estimated numbers of singlesight and multi-sight brant that arrived each week. First, for
each week we estimated the abundance from the count data
Hagmeier et al.
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where
0
PA;i
¼

k
X
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where V^SS is the volume estimate for single-sight brant, ni is
the estimate of weekly abundance, and pSSi is the proportion
of single-sight brant in the week. Second, for each week we
derived an estimate of the number of multi-sight brant from
Mi ¼ (ni)(pMSi), where Mi is the number of multi-sight
brant, ni is the estimate of weekly abundance taken as the
maximum daily count for that week, and pMSi is the
proportion of multi-sight brant in the week.
We estimated total volume of multi-sight brant using Mi
and pRi
(
)
k
i¼1
X
X
V^MS ¼ M1;1 þ
M1;1 
ðMi1;j pRi1;j Þ
i¼2

j¼1

such that the estimate of the volume of brant arriving over
all weeks is
V^T ¼ V^SS þ V^MS :
Error in the volume estimates arises from 2 independent
1345

Table 1. Model rankings, based on Quasi Akaike’s Information Criterion adjusted for small sample size (DQAICc), characterizing the pattern of weekly
transition (departure) probabilities for single-sight and multi-sight data for brant migrating from their southern winter breeding sites (stratum A) through the
Fraser River Delta (stratum B) and Parksville-Qualicum (stratum C) in the Strait of Georgia, British Columbia, Canada, 1999–2000, to their northern
breeding sites (stratum D). The effective sample size (ESS) is given for each analysis.
Model characteristics
Model
Single-sight
1999 and 2000 from A to (B or C); ESS ¼ 17,724
Weekd (Qe), yr 1999 and 2000 separate
Week (Q), yr 1999 and 2000 combined
Week (If ), yr 1999 and 2000 separate
Week (Lg), yr 1999 and 2000 separate
Week (L), yr 1999 and 2000 combined
Multi-sight
1999 from A to (B or C); ESS ¼ 10,346
Week (Q)
Week (I)
Week (L)
2000 from A to (B or C); ESS ¼ 9,492
Week (Q)
Week (I)
Week (L)
1999 from (B or C) to (B, C or D); ESS ¼ 5,587
Week (L), cohorth (Q)
Week (L), cohort (L)
Week (Q), cohort (Q)
Week (Q), cohort (L)
Week (L), cohort (I)
Week (I), cohort (L)
Week (I), cohort (I)
2000 from (B or C) to (B, C, or D); ESS ¼ 5,713
Week (L), cohort (L)
Week (L), cohort (Q)
Week (Q), cohort (L)
Week (Q), cohort (Q)
Week (L), cohort (I)
Week (I), cohort (L)
Week (I), cohort (I)

Ka

DQAICcb

DDevianceb

^c c

1 SE

12
6
28
10
4

0
2.29
13.14
26.32
41.67

0
49.19
65.15
104.31
198.41

3.44

0.76

8
28
6

0
9.18
134.78

0
69.06
309.48

2.23

0.72

8
28
6

0
2.68
27.47

0
185.50
155.83

4.95

1.30

31
29
33
31
27
27
25

0
2.37
3.05
5.60
10.77
94.55
105.6

0
41.57
6.45
36.28
122.20
665.09
762.84

6.48

0.92

29
31
31
33
27
27
25

0
1.54
2.24
5.45
9.13
67.77
97.56

0
15.49
11.18
16.36
81.65
445.25
654.98

6.20

0.68

a

K is the no. of estimated parameters.
Expressed relative to a value of zero for the best approximating model (Burnham and Anderson 2002).
c
The estimate of ^c was obtained from the most highly parameterized (K ) reasonable model.
d
Refers to any week that a cohort may depart a site.
e
Weeks or cohorts modeled using a logit-quadratic function.
f
Transition probabilities estimated independently for each week.
g
Weeks or cohorts modeled using a logit-linear function.
h
Refers to all brant arriving in a particular week.
b

sources: 1) random counting error in abundance estimates
and 2) statistical error in MARK’s estimates of transition
probabilities between strata. Concerning random counting
error, there was no explicit measure of error for abundance
estimates, because they were derived from the maximum
daily counts for a particular week. To incorporate measurement error into our estimates, we simulated different
degrees of counting error by imposing 3 percentages of
random counting error encompassing a reasonable range of
error (a 5%, 10%, and 20% CV). Second, we generated
uncertainty in estimates of transition probabilities assuming
a normal error distribution for MARK’s logit-transformed
Beta estimates for those probabilities. We then performed
1,000 randomizations of the Cholesky decomposed (square
root) deviations of the ^c -adjusted covariance matrix of those
Beta estimates to generate randomized volume estimates.
Finally, we added uncertainty in the volume estimates
1346

arising from uncertainty in the transition probability
estimates to the statistically independent measurement error
associated with counts to calculate total uncertainty for the
volume estimates.

RESULTS
The peak of migration occurred at similar times each year,
and in both years it occurred about 2 weeks later on the
FRD than at PQ (Fig. 2). In 1999 and 2000, we observed
316 and 382 discrete bands on the FRD and 1,094 and 900
at PQ, respectively. Single-sight bands made up approximately 40% of PQ and 70% of FRD observations.
Using QAICc as a model selection criterion, a model that
treated each year 1999 and 2000 as a separate group, and
constrained the logit of transition probabilities to conform
to a quadratic function of week, was the best approximating
model (Burnham and Anderson 2002) for describing the
The Journal of Wildlife Management
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Figure 3. Weekly arrival probabilities for single-sight brant leaving their
southern wintering sites (stratum A) for the Fraser River Delta (FRD;
stratum B) or Parksville-Qualicum (PQ; stratum C) in 1999 and 2000. We
calculated probabilities (695% CI) using MARK, and they should be
interpreted as the probability of a brant arriving on stratum B or C on week
i þ 1, if it was on stratum A in week i.

Figure 4. Weekly arrival probabilities for multi-sight brant leaving their
southern wintering sites (stratum A) for the Fraser River Delta (FRD;
stratum B) or Parksville-Qualicum (PQ; stratum C) in 1999 and 2000. We
calculated probabilities (695% CI) using MARK, and they should be
interpreted as the probability of a brant arriving on stratum B or C on week
i þ 1, if it was on stratum A in week i.

transition of single-sight brant from their southern winter
location (A) to either the FRD (B) or PQ (C). The same
model also best described the multi-sight brant (Table 1).
The best approximating models for multi-sight brant
departing FRD (B) or PQ (C) for the northern breeding
sites (D) modeled the transition probabilities as logit-linear
functions of time (week) and cohort (arrival week) in 1999,
and as a logit-linear function of time (week) and a logitquadratic function of cohort (arrival week) in 2000 (Table
1). High values for ^c (approx. 2–6) indicate considerable
overdispersion in resighting data.
We used single-sight models to estimate transition
probabilities from stratum A to either stratum B or C for
individuals observed only once. These models predicted that
early in migration, probability of moving from stratum A
(southern wintering sites) to B (FRD) was low, but as time
progressed the transition probability increased (Fig. 3).
Probability of moving from A to C (PQ) was initially low
but increased with time, with brant being more likely to
arrive at PQ than FRD during the peak time of arrival of
brant to the Strait of Georgia. Subsequent migration from
stratum B (FRD) or C (PQ) to D (northern breeding sites)
is shifted positively by 1 week (Fig. 3).
The first part of the migration was the transition from
stratum A (southern wintering sites) to either B (FRD) or C

(PQ). Similar to single-sight brant, in 1999 there was a
higher probability of migrating from stratum A to C than to
B early in migration (Fig. 4). Later in migration, we
expected brant to migrate to stratum B. In 2000, the early
week probability of migrating from stratum A to C was
higher than to stratum B. Later in the season, this trend
seemed to reverse, but there is considerable uncertainty in
the transition probability estimates and it is conceivable the
true pattern is not unlike that for multi-sight brant in 1999
or single-sight brant in 1999 and 2000 (Fig. 3).
The second part of the migration was the transition from
stratum B or C to B, C, or D after an LOS of a week or
more at B or C. In general, the probability of a brant
migrating to D in a particular week increased as the
migration season progressed (Fig. 5). Expressed in terms of
the more familiar and interpretable metric of LOS, a brant
that arrived to either B or C in the first week of migration
tended to have a longer residence time than a brant that
arrived later (Fig. 6). Transition probabilities for PQ brant
in 1999 differed from the general pattern (Fig. 5), with later
arrivals seeming to have disproportionately shorter residence
times than earlier arrivals compared with other years and the
FRD. However, as mentioned above, there is considerable
uncertainty in the transition probability estimates, and it is
conceivable the true pattern is not unlike that for year 2000

Hagmeier et al.
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Figure 5. Weekly departure probabilities (pDi, as defined in Methods) for multi-sight brant leaving either the Fraser River Delta (FRD; stratum B) or
Parksville-Qualicum (PQ; stratum C) staging sites for their northern breeding sites in 1999 and 2000. We calculated probabilities using MARK, and they
should be interpreted as the probability of a brant leaving for stratum D on week i þ 1, if it was on stratum B or C in week i. Each curve represents the
transition probabilities associated with a particular week of arrival on stratum B or C. With the exception of PQ in 2000, typically later arriving brant have a
lower probability of departing stratum B or C for a particular week of arrival on stratum B or C. Likewise, typically brant arriving later to stratum B or C have
a higher probability of leaving those strata sooner. For presentation clarity, a 95% confidence limit for the transition probabilities is shown only for the
earliest (upper CI) and latest (lower CI) week of arrival, but note that these are the least confidently estimated probabilities. Week 7 is approximately 17
February; week 20, approximately 18 May.

and the FRD. We observed very limited interchange
between the strata (approx. 0.5% in 1999 and 3% in 2000).
We estimated similar volumes for 1999 and 2000 on
stratum C (PQ), but volumes decreased between years on
stratum B (FRD; Fig. 7). The PQ site hosted about 1,200
more brant than did the FRD site over both years, with
approximately 15,000 brant hosted in PQ in both years. The
FRD hosted about 9,000 brant in 1999 and 14,000 in 2000.
Given the above-mentioned limited interchange between
strata B and C, we consider the volumes for FRD and PQ to
be additive to achieve a cumulative estimate for these 2
staging sites. We estimated (61 SE at 0%, 5%, 10%, and
20% measurement error, respectively) that 31,054 (6 1,288,
1,355, 1,538, and 2,127) brant transited FRD and PQ in
1999 and that 23,513 (6 1,386, 1,414, 1,532, and 1,892)
brant transited FRD and PQ in 2000. The midwinter
indices for the PFBP were 119,993 and 127,129 for 1999
and 2000, respectively (point estimates, no SEs available;
U.S. Fish and Wildlife Service 2004; Table 2). Hence, our
volume estimates represent about 26% (1999) and 18%
(2000) of the PFBP.
1348

DISCUSSION
We estimated that the FRD and PQ together supported
between 18 and 26% of the PFBP in the years 1999 and
2000. These numbers likely underestimate true volumes,
because ground counts tend to be negatively biased, and it is
seldom possible to detect all animals during a survey (Lancia
et al. 1994, Boyd 2000), which may be particularly true of
the FRD. Here, brant concentrated in fewer locations
compared with PQ , but there were fewer vantage points for
observers to count brant and read leg-bands, which also may
have partially accounted for the difference in the proportion
of single-sight bands between the FRD and PQ. Although
band-reading effort was similar at both sites, FRD had
substantially more single-sight observations. We speculate
that a higher proportion of multi-sight birds were actually
observed only once on the FRD compared with PQ because
of fewer vantage points for viewing bands.
Routledge et al. (1999) estimated the volume of springstaging brant using the PQ study site in 1990. Similar to our
study, the volume estimate was based on daily counts and
records of marked birds. Using a maximum likelihood
The Journal of Wildlife Management
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Table 2. Mean and mode of volume estimates as a percentage (%) of the
Pacific Flyway Brant Population (PFBP) for each year and staging site in
the Strait of Georgia, British Columbia, Canada. The estimated population
size of the PFBP was 119,993 (1999) and 127,129 (2000; U.S. Fish and
Wildlife Service 2004).
Staging site

Variable
Mean volume
Proportion of
mean vol
Mode vol
Proportion of
mode vol
a
b

Figure 6. Expected length of stay (LOS [weeks]; Tw as defined in
Methods) for brant as a function of the week of their arrival on either the
Fraser River Delta (FRD; stratum B) or Parksville-Qualicum (PQ; stratum
C) in 1999 and 2000, corrected, as described in the text, for the possibility
that brant were present in the weeks before they were seen. T-bars descend
from the corrected weekly LOS estimate to the uncorrected LOS estimate,
which typically differs only slightly from the corrected estimate due to
generally high weekly resighting probabilities.

approach, Routledge et al. (1999) estimated the population
size by exploiting the ratio of the estimated total number of
days that birds stayed in the site to estimated mean LOS.
Using a mean LOS of about 6 days, Routledge et al. (1999)
estimated the volume of brant to be 12,100 (95% CL,
8,600–16,000), or roughly one-half to one-third of our
volume estimates for 1999 and 2000. This difference in
volume estimates could be real. However, as stated in the
introduction, we argue that because LOS varies among
individuals and over time (van Eerden et al. 1991), use of
mean statistics can lead to biased estimates, and more
importantly, it can disguise features of migration behavior
related to LOS. Additionally, our approach incorporates
uncertainty in a more robust manner because we include 1)
uncertainty in transition probability estimates, 2) uncertainty in counts, and 3) uncertainty related to overHagmeier et al.
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Stratum B
1999
(FRD)a

Stratum B
2000
(FRD)

Stratum C
1999
(PQ)b

Stratum C
2000
(PQ)

17,071

9,078

13,983

14,435

14.2
17,071

7.1
8,100

11.7
13,983

11.4
14,435

14.2

6.4

11.7

11.4

FRD ¼ Fraser River delta.
PQ ¼ Parksville-Qualicum.

dispersion, a result of brant tending to migrate in pairs
and as family groups. We anticipated high values for ^c
because geese make group decisions to migrate as pairs or
families (Hestbeck et al. 1991), and they are influenced by
weather and other migration timing considerations (Prevett
and MacInnes 1980, Hestbeck et al. 1991, Reed 1993,
Anderson et al. 1994). We should also note that marking of
individuals is not random because families are often
captured and marked together. As such, the true effective
sample size is smaller than the actual number of marked
birds and results in an underestimation of true variance
(Schmutz et al. 1995) unless, as we have done, a correction
for overdispersion is applied. Finally, our method requires a
less onerous field effort than the Routledge et al. (1999)
method because observers do not need to record the number
of birds checked for bands.
Brant have staged on the FRD and PQ sites since before
formal record-keeping began (Fannin 1891). High resighting rates for PQ and FRD (Reed et al. 1998a, b; K. R
Hagmeier, unpublished data) and the lack of interchange
between local sites support the finding of other researchers
that brant are highly site faithful (see Reed et al. 1998a).
Site fidelity results in familiarity with local food resources
and predation risks (Bengtsson 1978) and, as such, it allows
individuals to build critical body reserves more efficiently
than if different sites are used each year. This behavior is
learned by offspring that typically spend their first year in
family groups (Prevett and MacInnes 1980, Reed 1993,
Warren et al. 1993, Ebbinge and Spaans 1995).
Despite the advantages of tradition noted above, brant
have shown the capacity to make large-scale distributional
shifts (Sedinger et al. 1994) and will respond to changes in
land use by colonizing new sites (Ganter 1994). Although
the timing of migration was similar in 1999 and 2000, the
number of brant staging on the FRD was markedly lower in
2000 compared with 1999, which was not likely a result of
observer bias because counts were consistently lower for all
researchers and volunteers, all of whom were experienced at
counting brant. The decline seemed to be local and was not
reflected in overall PFBP estimates (U.S. Fish and Wildlife
1349

Figure 7. Estimates, and their uncertainty, of the volume of brant transiting the Fraser River Delta (stratum B) and Parksville-Qualicum (stratum C) in 1999
and 2000. Volume uncertainty includes the uncertainty associated with the transition probability parameter estimates from MARK as well as 4 levels of
random measurement error (ME; 0%, 5%, 10%, and 20%) for the weekly field counts of brant.

Service 2004). Volumes were similar at PQ across years, so
we do not suspect that missing birds (i.e., birds accounting
for the difference in 1999 and 2000 vol estimates) staged
there, and this interpretation is supported by the lack of
interchange between sites. Alternatively, we cannot rule out
the possibility that these missing birds chose an alternate
migration route or staging sites. Several smaller staging sites
exist within the Strait (e.g., at Denman Island, the Seal
Islets, and the Trent River Estuary on Vancouver Island).
During the peak of migration, .1,000 brant are present at
each of these sites (Hagmeier 2002). A cursory analysis of
leg-band observations suggests that individuals using these
small sites do not use PQ or the FRD. To further refine
volume estimates for the entire Strait of Georgia, the extent
of interchange between primary and minor staging sites
should be examined.
Staging brant must balance their need for food (i.e., rate
of nutrient accumulation) and risk of predation (perceived
or real). It is unknown at what point the energy required to
respond to risk (usually a flight response) results in the food
intake rate declining below a critical threshold and a staging
site becoming unprofitable. To more fully understand the
migration ecology of brant in the Strait of Georgia, volume
estimates need to be interpreted in the context of individual
body condition, timing of migration, and external factors
such as disturbance and predation risk. Also, by estimating
1350

brant volumes over a longer time period we may discover
patterns not detectable with the 2-year data set (e.g.,
changes in vol, LOS, and departure times) and explain
some of the variation encountered in relation to timedependent population demographics and environmental
factors.

MANAGEMENT IMPLICATIONS
Our results reinforce the relative importance of the FRD
and PQ sites to spring-staging brant at the flyway scale.
These sites are subject to increasing urbanization pressures
in a region of rapid human population growth and increased
disturbance to wildlife. Conservation efforts by local
governments should include restricting public access to
important brant staging sites during spring migration and
influencing land use planning at these sites. More generally,
our modeling approach can also be applied to other marked,
transient populations to rank the importance of migration
stopover habitats and help determine the strategic allocation
of conservation resources.
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