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Abstract: Population levels of emperor geese (Chen canagica) in Alaska in 1993 were about half that
estimated in the 1960s. Survival information is necessary for managers to decide how to best enhance recovery
of this species to former levels. We calculated seasonal and annual estimates of emperor goose survival from
resightings of neck-collared birds. Geese were neck collared in 1988-90 on their breeding grounds in the
Yukon-Kuskokwim Delta, Alaska, and resighted each spring and fall, 1988-92, at staging areas on the Alaska
Peninsula. Adult monthly survival rates during overwinter periods (1 Oct-30 Apr) were not different (P =
{.281) among years (5’ = 00940, SE = 0.009), whereas monthly rates of oversummer (1 May-30 Sep) survival
showed annual variation (P = 0.048), However, we constrained oversummer survival to a single estimate of
0.980 (0.010). Monthly survival estimates for juveniles during their first overwinter period did not vary among
vears (P = 0.999) and was 0.710 (0.018). Subsequent monthly survival for juveniles was 0.943 (0.010), similar
to that for adults. We developed an adjustment procedure to account for philopatrie behavior of geese and
this enabled us to use data for postbanding (1 Aug—-30 Sep) periods. Survival estimates were low compared
with those for other goose species, particularly for juveniles, We addressed collar loss and heterogeneity in
resighting probabilities and felt their contribution to potential model bias was insignificant. Annual survival
among adults U& = (1631, SE = 0.023) was not different (P = 0.709) from that observed during 1982-55
{Petersen 1992). The similarity in survival rates in these studies suggests that harvest regimes did not differ
between the 2 periods. This suggests that continued subsistence harvest has contributed to persistent low
population levels in emperor geese.
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Emperor geese have a n—:]ativel}-' restricted
distribution among geese (Owen 1980). Aside
from small numbers occurring in eastern Russia,
virtually all emperor geese breed on the Yukon-
Kuskokwim Delta, Alaska {Eisenhauer and
Kirkpatrick 1977). The delta also supports a large

goose population has since increased only mar-
ginally, with a 1993 spring survey estimate of
52,000 (B. J. King, unpubl. data). An under-
standing of the factors affecting these changes
is imperative to effectively manage the emperor
goose population. Survival rates are an impor-

population of native people who harvest geese
for subsistence (Klein 1966, Pamplin 1986, Rav-
eling 1984). Emperor geese winter throughout
the Aleutian Islands, a relatively high latitude
and remote range compared with that for other
North American geese.

This Yukon-Kuskokwim Delta population of
emperor geese declined from the 1970s to the
mid-1980s {Petersen and Gill 1982; R. |. King,
LS. Fish and Wildl. Serv.. Fairbanks, Alas., un-
publ. data). Spring aerial survey numbers have
declined trom 139,000 in 1964 to 42,000 in 1986
(LS. Fish and Wildl. Serv. 1989). The emperor

=

' Present address: US. Environmental Protection
Agency, 222 West Tth Avenue, Anchorage, AK 99513,

tant factor afecting population change, vet little
information exists concerning survival rates of
emperor geese, Petersen (1992) estimated an-
nual survival of adult females during 1982-86,
a period of population decline. However, age
and seasonal specificity in survival rates have
not been examined. Our objective was to pro-
vide estimates of seasonal and annual survival
for adult and juvenile emperor geese.

We thank the many observers who contrib-
uted to the resighting effort. K. 5. Bollinger, .
L. Boved, A. C. Fowler, L. K. Harb, . D. Mason,
J. A. Pratt, M. G. Stattelman, and D. Walfe
contributed to =2 seasons of resighting. We
thank Yukon Delta National Wildlife Refuge
for providing logistical support and assistance
with banding. Pilot biologists R. J. King and W.
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Fig. 1. Distribution of emperor geese during the breading season on the Yukon-Kuskokwim Dealta and during migration at

staging areas on the Alaska Paninsula, 1988-92.

I. Butler, Jr., Office of Migratory Bird Manage-
ment, U.S. Fish and Wildlife Service, assisted
with banding efforts and made mail drops dur-
ing resighting efforts. We thank Alaska Penin-
sula National Wildlife Refuge and Izembek Na-
tional Wildlife Refuge for providing logistical
support for resighting efforts. Many residents of
the Alaska Peninsula provided moral support
and logistical cooperation during resighting ef-
forts. E. A. Rexstad provided analytical advice.
D. V. Derksen, C. R. Ely, J. D. Nichols, and E.
A. Rexstad reviewed the manuseript.

METHODS
Banding and Resighting Effort

We captured adult (n = 1,115) and juvenile
(n = 1,578) emperor geese with corral traps on
the Yukon-Kuskokwim Delta (Fig. 1) during the
flightless period in late July and early August
1885-90. We fitted geese with plastic neck col-
lars and metal U.S. Fish and Wildlife Service
leg bands. We used acrylic cement to bond the
2 ends of each collar. We determined sex by
cloacal examination and age by plumage char-
acteristics (Owen 1980).

We obtained resightings of banded geese on
spring and fall staging grounds on the Alaska
Feninsula (Fig. 1). All emperor geese were be-
lieved to use these areas during migration (Pe-
tersen and Gill 1982). The resighting period en-
compassed the majority, but not all, of the time
geese were present at these staging areas. First

and last dates of resighting were 17 April and
21 Mav (spring) and 9 September and 17 No-
vember (fall). Resighting effort initially began
at Cinder Lagoon during fall 1988 and was ex-
panded to Nelson Lagoon in spring 1989 and to
Port Heiden Bay and Seal Islands in fall 1990
\Fig, 1). All resightings were obtained by 24
project personnel located at each staging area.
On the basis of spring and fall aerial surveys,
84% of the emperor goose population was lo-
cated in the 4 staging areas sampled (R. ]. King,
unpubl. data).

We opportunistically observed goose flocks at
each staging area to maximize the number of
unique individuals seen. Tide and weather con-
siderations dictated specific sampling on a given
day within staging areas, but we visited all ac-
cessible areas of goose concentration multiple
times per season. We observed 44-711 individ-
uals each season, totaling 2,147 observations.

Survival Rates

Definition of Sampling Periods.—Band-re-
sight histories contained 3 banding periods
(1985-90) and 8 resighting periods (fall 1988-
spring 1992). This scenario allowed for survival
estimation in 3 different seasons in each of 3
years, totaling 9 survival periods. On the basis
of approximate midpoints of banding and re-
sighting periods, survival periods pertained to
the following: postbanding = 1 August-30 Sep-
tember, overwinter = 1 October-30 April, and
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oversummer = 1 May-30 September. Becanse
these seasonal periods were of different dura-
tions, we also calculated monthly survival esti-
mates for each season to make estimates com-
parable among seasons.

We estimated survival rates using Jolly-Seber
mark-recapture models (Jolly 1965, Seber 1965,
Lebreton et al. 1992) and computer programs
RELEASE {Burnham et al. 1987) and SURVIV
(White 1983). We classified geese as seen during
a given season if they were located =1 time at
any staging area anytime during this resighting
period. We analyzed adults and juveniles sep-
arately (i.e., juveniles did not enter the adult
cohort). US. Fish and Wildlife Service person-
nel banded an additional 1,335 geese on the
Yukon-Kuskokwim Delta with neck collars dur-
ing 1982-87. Capture protocol and neck collar
materials were similar to 1988-90 banding ef-
forts. We included these geese in survival anal-
vses as adults if they were resighted on the Alas-
ka Peninsula during fall 1988 or later (n = 56),
in which case we treated their first resighting
as their time of original banding.

Heterogeneity in Resighting Probabilities. —
We did not expect to see some geese after band-
ing because we did not monitor all staging areas.
Because geese exhibit some philopatry to staging
areas (Schmutz, unpubl. data), some geese may
repeatedly use unmonitored areas and thus nev-
er be seen. We conducted simulations to esti-
mate bias in survival rates caused by this inter-
action of goose philopatry with our resighting
effort (Appendix A). To counter bias caused by
heterogeneity in resighting probability, we in-
vestigated subsetting the data by treating an
individual's first resighting as its time of original
banding. This analysis strategy eliminated all
those geese that consistently use unsurveyed ar-
eas, and effectively created philopatric subpop-
ulations specific to each monitored staging area.
Therefare, our simulations examined one da-
taset using all banding and resighting infor-
mation {the Full dataset) and another dataset
conditioned by first resighting (the Subset da-
taset). Simulations suggested that survival esti-
mation using the Full dataset would result in a
strong, negative bias in postbanding estimates
and a weak, positive bias in some overwinter
and oversummer estimates (Appendix A). How-
ever, estimation with the Subset dataset should
result in unbiased estimates. Subsequent anal-
vses of overwinter, oversummer, and annual
survival used these data. Survival rates during
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Table 1. Series of models used to estimate survival rates (S)
and resighting probabilities (p) using Subset data for emperor
gease in Alaska, 1988-02. Subscripts indicate which factors
are allowed to vary. For exampia, in Model 4, 5 varies by sex
and season, but within sexes and seasons, J is constant across
years. Resighting probability varies by year and season but is
constant for sex. Model 7 s a special case of Modal 3 whara
5 Is constrained across cartain s8asons and years.

Model o Model pararmeters
Aduls
'1 slrl.'lhﬂ‘-lr\.lhﬂ" pln-w.rﬂ-hm
2 S-H FRErE S p!-'.l.lrlﬂ.lulﬂ
':3 S'ﬂ'l."‘lrl.‘-"“" p'\.ruﬂ-ru-ﬂn
'4 Sp-.,--“,..mr p:\.ur-u-..-u..
5 Shl.lﬂllﬂ pll'.lrl'l-'JHII'l
E S'« p. Fal TN
T 5-.,-."-,.-..-..-.. SR P N R T VA e TR R 1 Ij:,.;.-i..,-.
Juveniles
Eh 5~+u-um&w1 LT p|u..|r-uum-r|
g S'«flr"}rl"‘ll'i,l."' F;\-nr":-ri:ulll
]ﬂ S'H'I""-I'Fh ----- 1 p;\-ril"\-riuﬂl
l 1 Su—,um-u.-'- p...-\..r-u-\..p.-h
I'E' sv:wl* p'\.urdlrilml
1'!3 sw'l p'.rJrlh'.l'dlll

14 SI pwil'-:rw-n

#0500 = gversumimer survival fn 1980 0581 = ovemsomomer scvival
in IREL; DWEE = gverwinter survival in 1RE8-99; OVWESY = overwinber
survival n 198900, and OWD0 = overwinter survival in 1990-81

b Age was constrained io be invarignt amwong oversummer periods but
was albowed to vary betwesn an individoal's Brat overwinter perbocd amd
all subsequent overwinter periods.

postbanding periods were not estimable with
Subset data. However, analyses of survival dur-
ing posthanding periods, using the Full dataset,
are described later.

Seasonal Surtvival Rates from Subset Data.—
Using Subset data, we constructed a series of
models to define seasonal survival and resighting
parameters across sexes, seasons, and years (Ta-
ble 1). We analyzed juveniles and adults sepa-
rately to simplify analyses and because few geese
banded as juveniles were resighted at =2 years
of age (the earliest suspected time of initial
breeding). For analyses of juveniles, we includ-
ed an age variable (Table 1}. We defined 2 pa-
rameters for overwinter periods with respect to
age: the first overwinter period after hatch and
all other overwinter periods. We defined only
1 oversummer period with respect to age be-
cause of poor sample sizes. We tested tor vari-
ation between sexes and ages and ArMONg S¢as0ns
and vears with likelihood-ratio tests between
nested models {White 19583). We selected the
maost appropriate model by examining good-
ness-of-fit tests, likelihood-ratio tests, and
Akaike's Information Criterion { AIC) {Burnham
and Anderson 1992). After model selection, we
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adjusted point estimates and their variances {or
collar loss (see below).

Annual Survival Rates from Subset Data.—
We calculated annual estimates with these same
data. We restricted analyses of annual survival
to adults for comparison with Petersen's {1992)
data. Petersen (1992) conducted a neck-collar
study of adult female emperor geese on the Yu-
kon-Kuskokwim Delta during 1982-86. She
marked females while they incubated nests and
resighted them in subsequent breeding seasons.
We incorporated her data into a SURVIV maodel
(White 1983} to compare survival rates between
the 2 studies with likelihood-ratio tests.

Seasonal Survival Rates from Full Data —
Estimation of postbanding survival was not pos-
sible with Subset data because the period from
banding to fall was, by definition, excluded from
these data. We therefore estimated survival for
the 3 postbanding periods, using the Full da-
taset. Analysis with the Full dataset, however,
would be expected to result in negative bias
(Appendix A}, Geese philopatric to unmonitored
staging areas would appear in the data as having
been banded and then disappearing during that
first period after banding. To counter this bias,
we dm-‘einped an adjustiment procedure that in-
corporated what proportion of the population
occurred at unmonitored staging areas. By using
different subsets of our resighting data with data
on the population distribution of staging em-
peror geese, we developed a regression between
estimated survival rates and what proportion of
the population we sampled.

Aerial population surveys of emperor geese
during spring and fall staging indicated a rel-
atively consistent distribution among staging ar-
eas across vears (R. J. King, unpubl. data). These
surveys provided an independent assessment of
the proportion of the population located in each
staging area. For the 1990 banded cohort, all
resightings occurred at 4 of these staging areas.
Bv calculating survival estimates for this cohort,
using data from all 4 sampled staging areas and
also from subsets of these 4 areas, we obtained
13 different survival estimates for each period,
each calculated from data where a different pro-
portion of the total population was sampled (1
estimate, using all 4 staging areas; 4 estimates,
using 3 staging areas; 6 estimates, using 2 staging
areas; and 4 estimates when staging areas were
analvzed alone). We calculated survival rates
with RELEASE {Burnham et al. 1957) with no
constraints on parameters. We then performed
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linear regressions for female and male adults
between the proportion of the population sam-
pled and the resultant survival estimate. We felt
a similar analysis of juveniles would not be
meaningful because we obtained too few re-
sightings of juveniles during spring resighting
periods. Each survival rate within each regres-
sion was weighted by the inverse of the esti-
mated variance of that survival rate estimate,
Using the predictive equation from significant
(P < U.ﬂﬁ}rregresiinns, we calculated a predicted
value for 8, 8§ 4..q. given that 100% of the pop-
ulation was sampled. Variance of 5.4 was
calculated, using the delta method (Seber 1982:
T, as

VAT(S,es) = var(B,) + 2x cov(B,B))
+ x*vir(B,),

where B, and B, were estimates for the intercept
and slope parameters, respectively, from the re-
gression, and x was the proportion of the pop-
ulation sampled (x = 1.0}). These estimates were
then additionally adjusted for neck-collar loss
(see below). With this analysis, we assumed that
collared geese were distributed among staging
areas similarly to the distribution of the entire
population,

We did not applv regression analvses and ad-
justment procedures to 1988 and 1989 cohorts
because fewer staging areas were sampled dur-
ing these vears. Instead of 15 possible survival
rates as in the 1990 cohort, we could only derive
1 for the 1988 cohort and 3 for the 1959 cohort.
Comparison of unadjusted estimates of post-
banding survival among yvears would not be val-
id because of variable resighting effort. How-
ever, within-vear comparisons between sexes
should not be affected by among-yvear variation
in resighting effort. Using the Full dataset, we
compared postbanding survival between sexes
with SURVIV {White 1983}, We built only 2
models for this analysis: (1) a null model with
its only constraint being that survival was equal
between sexes during all 3 postbanding periods,
and (2} an alternative model with no parameter
constraints. We then tested the hypothesis of no
sex differences in survival during postbanding
periods with a likelihood-ratio test.

Neck-Collar Loss.—We could not estimate
rates of neck-collar loss in emperor geese be-
cause few geese (n = 12) were recaptured during
banding drives. However, all 12 recaptures had
retained their neck collars. Neck-collar loss was
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Table2. Model selection criteria (Akaike's Information Criterion [AIC), goodnass-ol-fit tests, and likelihood-ratio tests) for modals
of seasonal survival during ovarwinter and oversummer periods in adult and juvenile emperor geese In Alaska, 1988-92.

baan. of ol ness Likelibood-ratio tests that
paLraen- of-fit confradt medel oo below with
Ml eters AL test: models listed in the far beft column?
Ad {model no.) 2 3 4 5 f T
1 25 235.6 0.37 0.20 0.67 0.44 0.57 <(0.01 078
2 19 2321 0.28 0.99 .60 (.83 =0.01 0.99
3 13 220.9 0,30 0.29 << (1 .76
4 11 2217 0.39 0.86 <0.01
5 9 217.9 0. 46 <0.01
B byt 235.0 .02
T 14 216.1 .35 (.05 =< (.01
Juv imodel no) g 10 11 12 13 14
5 23 214.0 0.46 0.78 .34 0.35 ={.01 .42 =001
0 15 2028 0.56 0.09 < (L0 (.14 =0.01
10 13 205.1 0.42 0.36 <(L01 0.52 <0.01
11 10 202.3 0.42 <{(.01 0.54 =0.01
12 4 2677 =)L) ={.01
13 b | 20004 0.45 <01
14 L3 229.5 <(0.01

# Refers to models whose parameterizations are given in Table 1

b Lowest AIC values indicate most appropriste model (Burnham and Anderson 1992)

P = 045 indicates the model fits the data.

1L ikelihood- ratic bests eonlrast a g-en-enl mecled [Bar left column} swith o redoced (fewer ]J:r::netnr::l form of the same medel, Povalues are
shown with probabilitics <0005 resulting in rejection of the redwced, or noll, model in favor of the general, or alternative, model.

estimated for a sympatrically nesting population
of cackling Canada geese {Branta canadensis
minima). Similar collar materials and applica-
tion procedures were used [or both species, Six-
ty-nine cackling Canada geese were recaptured
1-9 vears after original banding, and 5 losses
were recorded (C. K. Ely, Natl Biol. Survey,
Anchorage, Alas., unpubl. data). We calculated
annual collar retention rate, #, and its variance
with SURVIV (White 1983). The estimated rate
of annual collar retention was 0.9581 (SE = 0.019).
Because survival periods of interest were <1
vear, we assumed collar loss was constant
Lhrﬂughuut 4 vear and adjusted for shorter pe-
riods with # = 612 where m = the number
of months in the relevant survival period, and
#" was the retention rate for the relevant survival
period. Variance of §' was derived with the delta
method (Seber 1982:7) and was computed as

VAT = var{fim2f=s2 /144

Following Pollock (1981} and Nichols et al
(1992), we then calculated adjusted survival rates
as §' = 5/8', where § was the Jolly-Seber esti-
mate of survival, and §' was the Jolly-Seber es-
timate adjusted for collar loss. Variance of this
adjusted estimate was

vir($') = (SP(Var{SYISE + varl#')/(8F).

RESULTS
Overwinter and Oversummer Survival

Model Selection.—Resighting probabilities
did not differ between adult males and adult
females (Model 1 vs. 2, Table 2), and thus were
constrained to be equal in later analyses. Re-
sighting parameters could not be further re-
duced because of variable resighting effort. Sur-
vival rates between adult males and adult females
did not differ {(Model 2 vs. 3, Table 2}, Overall,
there was no detectable variation in survival
among vears within seasons (Model 3 vs. 3).
However, examination of point estimates under
Model 3 led to the hypothesis that survival dur-
ing oversummer 1989 did not differ from sur-
vival during oversummer 1990-91. Because this
test (Model 5 vs, 7, Table 2) was an unplanned
comparison, we used a more stringent o level.
Therefore, we interpreted the resultant P = 0.05
as a failure to detect annual variation in over-
summer survival. We here relied on the likeli-
hood-ratio test for inference, rather than the
AIC, which was lowest for the vear-specific
model. Model 5 (Table 1) was therefore used to
deseribe data for adults. This model fit the ob-
served data (Table 2).

We did not detect differences among sexes
(Model 8 vs. 9, Table 2) or vears (Model 9 vs.
11, Table 2) for survival rates in juveniles. How-
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Table 3. Estimates of seasonal and monthly survival for adult and |uvenile emperor
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in Alaska, 1988-91. Overwinter (1

Oct-30 Apr) and oversummer (1 May-30 Sep) astimates wera dartved from the Subsat datasat, which was conditionad by first

resighting.
Gendinma] survival Monthly survival
Pagiod 5 5E L 5E

Adules

Owerwinter 195590 0.663 0024 0,540 0.008

Owversummer 1989-91 {.898 0.032 0.950 0.010
Juveniles"

First overwinter 0.104 0.018 (.710) 0018

Subsequent overwinter 0.708 0,045 0.943 0.010

Owversummer 0.707 0.045 (.943 0.010

& Estimates from Model 5 of Table 1.
b Estimates from Modal 19 of Table L.

" Although constrained in Model 13 to be equal to estimates for subsequent overwinter estimates, this estimate is shightly different because
different period duratbons resulted in slightly different collar boss adjustments.,

ever, survival in the first overwinter period after
hatch was lower than in subsequent overwinter
periods (Model 11 vs. 12, Table 2). Subsequent
overwinter and oversummer periods did not dif-
fer from each other (Model 11 vs, 13, Table 2).
Data for juveniles best fit Model 13 (Tables 1
and 2). Results of model selection for adults and
juveniles were identical for seasonal and month-
ly parameterizations of survival.

Foint Estimates.—We report survival esti-
mates for adults, using Model 5, and for juve-
niles, using Model 13 (Tables 1 and 3). Monthly
survival among all seasons and age classes was
=(0.940, except for juveniles during their first
overwinter period (0,710} (Table 3).

Annual Survival

Three annual survival parameters, fall 1988—
91, were estimable. From our seasonal analysis,
we detected no differences in survival between
sexes (Model 2 vs. 3, Table 2), so we pooled sexes
to estimate annual survival rates. We detected
no annual variation in survival (P = 0.773). We
estimated annual survival of geese during this
study to be 0.619 (SE = 0.019). Three annual
estimates, spring 198283, were estimable from
Petersen's (1992) data. We detected no overall
annual variation in survival (P = 0.304); how-
ever, large variances may have precluded de-
tection. From Petersen's (1992) data, we esti-
mated annual survival of geese during 1982-85
to be 0.601 (SE = 0.056), which is similar to the
0.587 estimated by Petersen (1992) via a Kap-
lan-Meier analysis procedure (Pollock et al.
1989). Annual survival of geese during this study
(1988-91) and Petersen’s (1992) study (1982-

85) did not differ (P = 0.709). Using program
SURVIV, we investigated the power of this test
to detect differences between the 2 studies, giv-
en they really existed. If the true difference in
survival rate was only 0.619 — 0.601 = 0.0185,
then we had only a 7% chance of detecting the
difference (for « = 0.05). However, if true sur-
vival had changed by 0.10, then we had a 63%
chance of detection, and if survival had changed
by 0.20, then we had a >99% chance of detec-
tion. After adjustment for collar loss, annual sur-
vival of adults for this study was 0.631 (SE =
0.023).

Postbanding Survival

Regressions between estimated survival rates
and the proportion of the population sampled
were significant for fernale and male adults dur-
ing postbanding periods (Table 4). Similar re-
gression analyses during overwinter (r? = 0,14,
P = 0.16) and oversummer (r* < 0.014, P =
(.96) periods were not significant for adult fe-
males, indicating survival estimates for these
periods were insensitive to what proportion of
the population we sampled. These nonsignifi-
cant regressions corroborated results of our sim-
ulations of resighting effort (Appendices A and
B). Estimated survival of adult females was less
than that for adult males across all 3 postbanding
periods (P = 0.001). The model for survival dif-
ferences between sexes fit the data (P = 0.077).

DISCUSSION

Estimated seasonal and annual survival rates
for emperor geese are low relative to some other
goose populations (e.g., Owen and Black 1989a).
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Table 4. Bias adjustment of postbanding survival of empearor geesa banded in 1990 on the Yukon-Kuskokwim Delta, Alaska.
Bias adjustments are based on linear regressions between the proportion of the staging population that was samplad, and
survival estimates are calculated from those sampled proporticns. Regrassion coefficients were used to calculate a predictad

survival rate given that the entire population was samplad.

Variable/bias adjustment Adult F Adkult M

r?, P {postbanding) 0.78, <0.01 0.89, <0.01
Fredictive equation 0.660x + 0187 0.649x + 0.364
Survival esitmate* 0.684 (0.041%) 0.862 (0.046)
Predicted survival estimater 0.847 (0.055) 1.013 (0.033)
Predicted survival estimate adjusted

for collar loss 0.850 (0.055) 1.017 {0.033)
Monthly survival estimate 0.933 (0.026) 1.007 (0.014)

* Survival estimate generated from resightimgs ol all 4 staging areas (34% of the population] under a fully parameterized model in RELEASE

{Burnham et al 1BET).
b SEs of survival estimates in parentheses.

¢ Caleulated by substituting 1.0 for x in the predictive equation. Varlance derived with the delta method {Seber 1882:7).

Confidence in these estimates can be assessed
by examining sources of potential bias created
by violation of assumptions and by comparison
of rates with those for other goose species. Prom-
inent assumptions in mark-resight studies of sur-
vival include (1) homogeneity in survival and
resighting probabilities among members of a
group {e.g., adult males), (2) absence of per-
manent emigration from the study area, (3)
marker retainment, and (4) absence of a marker
effect on survival. Heterogeneity in resighting
probabilities is inherent in most studies, vet it
dees not bias survival estimates when occurring
at small or moderate levels (Carothers 1979).
Permanent emigration is equivalent to an ex-
treme form of heterogeneity in resighting prob-
ability and results in negative bias if one inter-
prets 1 — 5" as strictly reflecting mortality. We
expected some permanent emigration and re-
sultant negative bias in postbanding periods be-
cause geese commonly exhibit philopatry and
we did not sample all staging areas. Because we
conditioned analyses by treating first observa-
tions as the time of banding, we essentially cre-
ated philopatric subpopulations for each staging
area sampled. We feel this analysis eliminated
gross heterogeneity in resighting probabilities,
Loss of neck collars was negligible in some
studies {Hestbeck and Malecki 1989} and sig-
nificant in others (Nichols et al. 1992). If collar
loss rates are known, survival rates can be ap-
propriately adjusted. We could not obtain an
empirical estimate of collar loss rate for emperor
geese. However, we feel that use of a collar-loss
rate estimate for cackling Canada geese was
sufficient. Similar collar materials and banding
methods were applied to these 2 sympatrically
breeding species. In addition, no aspect of be-

haviar or use of nonbreeding habitat by emperor
geese logically induces suspicion of a loss rate
greater than that for cackling Canada geese.

Neck collars may alfect survival, but quan-
tifying effects is difficult {Zicus et al. 1983, Sam-
uel et al. 1990). Because we used data for in-
dividuals only after their first resighting, we
eliminated banding effects or initial adjustment
to wearing neck collars. Zicus et al. (1983) doe-
umented mortality in Canada geese due to ac-
cumulation of ice on neck collars. No ice was
observed on collars of 105 emperor geese seen
in the Aleutian Islands during winter 1988-92
(V. Byrd, U5, Fish and Wildl. Serv., Homer,
Alas., pers. commun. ). However, we noticed in-
creased feather wear beneath neck collars on
some recaptured geese. Such wear could in-
crease thermoregulatory costs, especially during
winter. For our study, we have no data to sup-
port a neck-collar effect. However, we do not
discount the possibility of such an effect, par-
ticularly on juveniles, on the basis of relatively
low survival estimates as compared with other
goose species (see below).

Annual survival estimates among adult geese
vary. Survival in an unhunted population of bar-
nacle geese (Branta leucopsis) was (.845-0.956
(Owen and Black 1989a). In contrast, tor a pop-
ulation of Canada geese in Utah, where hunting
was believed to be additive to natural mortality,
survival was 0.379-0.553 (Rexstad 1992). Kirbv
et al. (1986) found survival in black brant {B.
bernicla varied (0.591-0.984} between these two
extremes. Although the context tor such large
variation in survival among species and popu-
lations is not discussed here, its magnitude sug-
gests that our estimate of annual survival for
adult emperor geese (0.631) is plausible.
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Annual survival estimates for juvenile geese
are less common and usually pertain to the pe-
riod from just prior to fledging to 1 year later,
Franeis et al. (1992) ohserved large variation in
point estimates of survival for juvenile lesser
snow geese (C. caerulescens caerulescens) (about
0.10-0.70} in a long-term study. Our juvenile
survival estimates are lower than the lowest YEars
in this and other (Samuel et al. 1990, Rexstad
1992) longer-term (6-19 yr) studies. We de-
tected no annual variation in juvenile survival
in emperor geese; however, the short duration
of our study may have precluded detection of
such variation. Such comparatively low survival
estimates for juvenile emperor geese cause con-
cern that these estimates may contain negative
bias. However, we cannot be certain of the ex-
istence or cause of such bias.

Natural mortality among juvenile emperor
geese may be high. Their survival during mi-
gration and first fall is dependent upon their
condition during late summer while still on the
breeding grounds (Schmutz 1993). Migration
mortality in juvenile geese can be important, as
observed for barnacle geese (Owen and Black
19895). Unlike most other geese, emperor geese
use winter habitats without agricultural foods.
Relatively high survival rates documented for
other geese may be a consequence of the use of
agricultural foods. Lack of agricultural foods
and the relatively high latitude and inclement
weather of their winter habitat in the Aleutian
Islands may lead to comparatively high natural
mortality in juvenile and adult emperor geese.

The lower survival of adult females relative
to males during postbanding periods suggests
that females may incur an increased cost of re-
production relative to males. However, Laing
(1991} found that female emperor geese during
brood rearing fed less than other species of geese,
and inferred that emperor geese were therefore
not nutritionally stressed during brood rearing,
Most studies of geese have failed to find differ-
ences in survival relative to sex (e.g., Samuel et
al. 1990, Francis and Cooke 1992, Rexstad 1992),
Owen and Black (1989a) observed higher rel-
ative survival in males than in females for bar-
nacle geese, whereas Raveling et al. (1992) ob-
served the opposite in cackling Canada geese.
The observed differences for emperor goose
males and females did not persist for the entire
yvear as we failed to detect survival differences
between males and females for overwinter or
oversummer periods.

EMprEROR GOOSE SURVIVAL * Schmuiz ef al.

J. Wildl. Manage. 58(3):1994

An alternative explanation for these observed
differences between males and females in sur-
vival is that they are not real and are merely an
artifact of greater philopatry by females to stag-
ing areas (Rohwer and Anderson 1988). Post-
banding survival estimates are biased by phil-
opatry to unsampled staging areas (Appendix
A). Under an assumed context of female-based
philopatry, if a goose that uses unsampled stag-
ing areas loses its mate and then re-pairs, a fe-
male with a new male would likely continue to
use the same unsampled staging areas whereas
a male with a new female would likely go to
the staging area used by the female, If these
new females used staging areas we sampled,
then we would observe their banded mates, and
survival estimates of males for postbanding pe-
riods would be inflated compared with that of
females. However, we have not detected dif-
ferences between sexes relative to their philo-
patry to staging areas (Schmutz, unpubl. data),

The effects of human harvest on waterfowl
populations is subject to debate (Nichols et al
19584). Correlative studies have inferred that
goose harvest is additive to natural mortality
{Francis et al. 1992, Rexstad 1992). Compen-
satory mortality implies that density dependent
processes reduce survival {Anderson and Burn-
ham 1976). This study and Petersen’s (1992)
occurred while the emperor goose population
was approximately half of or less than recent
historic levels (U5, Fish and Wildl. Serv. 1989,
thus, the influence of density-dependent pro-
cesses during these studies was probably not sig-
nificant. We speculate that current harvest of
emperor geese may be largely additive to nat-
ural mortality.

Adult survival rates during 198285 (Petersen
1992) and 1988-91 (this study) were not differ-
ent. This suggests that harvest rates during the
2 periods were similar, despite agreements in
1985 with native groups to stop subsistence har-
vest and a sport-hunting closure in 1986 (U5
Fish and Wildl. Serv. 1983). Our tests had rea-
sonably good power (=63%) to detect changes
in survival rates of =10% between the 2 studies.

MANAGEMENT IMPLICATIONS

Postfledging is a time of high mortality in
juvenile geese (Owen and Black 1989b, Francis
et al. 1992). Habitat conditions on breeding ar-
eas affect body mass and thus survival of juvenile
emperor geese during migration (Schmutz 1983).
Natural mortality during winter periods is also
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significant and probably related to availability
of quality forage to ensure a positive energy
balance. Therefore, recruitment of juveniles and
subsequent survival of juveniles and adults is
dependent on availability of quality habitat in
breeding, staging, and wintering areas. These
areas are all remote and not likely to incur im-
mediate habitat change. However, climate
change and pollution related to petroleum de-
velopment are long-term threats, the impact of
which, if any, will be difficult to ascertain.

We believe that harvest mortality in emperor
geese is currently additive to natural mortality.
This implies that the ability to vary harvest rates
would induce changes in overall survival rates.
However, adult survival rates have not changed
since the early to mid-1980s, further implying
that management agreements to restrict harvest
(U.S. Fish and Wildl. Serv. 1989) have not been
effective. Persistent low population levels in em-
peror geese may be, in part, a consequence ot
this harvest. Minimizing harvest is desirable, but
difficult, and has important sociceconomic and
political considerations (Raveling 1984, Mitchell
1986, Pamplin 1956).
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APPENDIX A

We conducted simulations intended to mimic
our pattern of resighting effort. Our intent was
to see how survival estimates were affected by
this effort distribution and how conditioning on
first resighting influenced bias in our estimates.
We conducted 2 sets of simulations using RE-
LEASE (Burnham et al. 1987); the first simu-
lated the Full dataset, and the second simulated
the Subset dataset. Because geese exhibit phil-
opaltTy to staging areas (Schmutz, unpubl. data),
we simulated subpopulations specific to staging
areas for each set of simulations. All geese that
used unsampled staging areas were simulated
by 1 subpopulation. All other geese could have
been simulated by another subpopulation, ex-
cept that sampling began at different times at
different staging areas. Thus, we simulated sub-
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populations according to when sampling began
at staging areas, resulting in the following 3
subpopulations: Cinder Lagoon, Nelson Lagoon,
and the combination of Port Heiden Bav and
Seal Islands. Simulated values for § and p >
0.05 (p = resighting probability} were based on
initial analyses of the Full dataset, with 5 equal
among all staging areas within each season, and
p = 0.6 or p = 0.5 for the resighting effort at a
given staging area in either spring or fall, re-
spectively. For unsampled areas {e.g., Nelson
Lagoon during the first resighting period of the
study), we simulated p = 0.05 to represent the
infrequent times when a bird from the Nelson
Lagoon subpopulation would be resighted at one
of the areas we were then actively monitoring.

The number of geese in each subpopulation
was simulated in proportion to the distribution
of geese among staging areas as observed during
aerial surveys of the entire population (R. J.
King, U.S. Fish and Wildl. Serv., Fairbanks, Alas.,
unpubl. data). The timing of release of these
geese into each subpopulation differentiated the
2 simulations. The first simulation (1,000 iter-
ations) represented a single release of banded
geese from the Yukon-Kuskokwim Delta that
then dispersed to all staging areas {Appendix B).
This simulation was analogous to the Full da-
taset as band-resight histories begin at original
banding and a postbanding survival period was
estimable. In the second simulation (1,000 it-
erations), the timing of each of 3 releases per-
tained to when sampling of that subpopulation
began (Appendix B} In this simulation, each
release was analogous to their first resighting,
thus a release could not happen at a lagoon until
resighting effort was expended there. Therefore,
in the second simulation, which was represen-
tative of the Subset dataset, there was no un-
sampled subpopulation. These simulations dem-
onstrated that under a Full dataset analysis,
strong negative bias (absolute, as opposed to rel-
ative), as represented by —0.164 (Appendix B),
occurred in estimates for postbanding periods.
Positive bias was found in some subsequent pe-
riods, particularly the third and fourth periods
after banding. In contrast, the simulation of a
Subset data analysis showed virtually no bias in
survival estimates for any period (Appendix B).
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