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Abstract: We banded northern pintails (Anas acuta; n = 13,645) at a single site on the Yukon-Kuskokwim Delta
(YKD), Alaska, USA, from 1990 to 2001. We used recaptures from our site in combination with hunter recoveries
to model annual survival, recovery rates, and fidelity to our capture location. Most recoveries (>90%) occurred in
the Pacific Flyway with 64% reported from California’s Central Valley. Our top candidate models allowed survival
to vary by sex but not by age or year. Estimated annual survival was 77.6% (95% CI: 73.9-81.0%) for males and 60.2%
(95% CI: 53.2-67.0%) for females. Reporting rates varied by age, sex, and year; estimates for adult males exceeded
those for adult females by 3.5 times. Within sexes, reporting rates of hatch-year pintails exceeded those of adults.
Estimated recovery rates were considerably lower than those estimated during the 1950s-1970s for winter banded
pintails (Hestbeck 1993b), but there were no differences in survival rates. This suggests that changes in harvest reg-
ulations may not have influenced annual survival in this population. The propensity of banded pintails to return
to our capture site (fidelity rate) varied between sexes and was positively correlated with water conditions in prairie
Canada. Our estimates of fidelity rates varied from 77.4% to 87.2% for males and 89.8% to 94.3% for females. Our
fidelity estimates suggest that some level of subpopulation structuring may exist for northern pintails. Additional-
ly, our estimates of fidelity support previous observations of northern pintails overflying poor wetland habitat con-

ditions on the Canadian prairies.
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Unlike other duck species, northern pintail
(hereafter pintail) populations have not increased
in response to an increase in the number of May
ponds in prairie Canada during the mid to late
1990s (U.S. Fish and Wildlife Service 2002). Other
species of dabbling ducks have shown substantial
increases in population size that are correlated
with wetland conditions. However, the number of
pintails counted in Alaska has remained relative-
ly constant through the long term (1955-2002),
whereas the population nesting in the Prairie-
Pothole Region is well below its long-term popu-
lation average (U.S. Fish and Wildlife Service
2002, Bethke and Nudds 1995, Miller and Dun-
can 1999). The failure of pintail populations to
respond to improved wetland conditions on the
prairies has been related to poor recruitment
rather than survival (Miller and Duncan 1999).
However, Flint et al. (1998) developed a popula-
tion model for pintails nesting on the YKD that
demonstrated that annual survival of adult (after
hatch year [AHY]) females had a relatively
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greater effect on population dynamics than did
any other demographic parameter (e.g., recruit-
ment rate). Therefore, accurate annual survival
rate estimates are critical to developing manage-
ment strategies. Further, because harvest is a
management tool and may represent a potential
impact on population dynamics, estimates of
recovery rate are important for assessing the im-
pact of harvest on population dynamics.

Our primary objective was to estimate annual
survival, recovery rates, and fidelity rates for pin-
tails banded on YKD. We utilized a statistical tech-
nique that also allowed us to examine if these
rates vary between ages, sexes, and years. We
compare our estimates of survival and recovery
rates with historic estimates from the Pacific Fly-
way and from other regions.

METHODS

We trapped pintails in a 5-km? area along the
northwest shore of Kgun Lake (61°35'N,
165°55'W; elevation 2 m), located 145 km north-
west of Bethel, Alaska, USA, on the YKD (Fig. 1).
We positioned traps along shorelines of small
(0.5 ha) to medium-sized (100 ha) soft-bottomed
ponds connected to Kgun Lake by a network of
sloughs. We selected the study area because of
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Fig. 1. Recovery locations of northern pintails banded on the Yukon-Kuskokwim Delta, Alaska, USA, 1990-2001.

assured access to large concentrations of pintails
(>10,000 pintails seen regularly during early Aug)
and logistical feasibility. Vegetation consisted of
heterogeneous communities of graminoid-dwarf
shrub peatland (mostly Salix, Carex, Poa, and Eri-
orphorum species) and graminoid marsh/mead-
ows (mostly Carex, Poa, and Hipperus species;
Tande and Jennings 1986).

Trapping began between 23 July—12 August and
ended during 22-31 August and totaled 13-37
trapping days annually. We utilized 1-12 traps at
each of 4-14 sites. We captured pintails during
1990-1997 in baited, swim-in, box traps measuring
1.8 x 1.2 x 0.6 m and constructed of 5.1 x 6.4-cm
mesh, plasticized welded wire. The bottom was
constructed of 0.6-cm mesh, galvanized hardware
cloth. A 30.5-cm-wide funnel-shaped entrance that
reduced to 10.2 cm was placed at the midpoint of
1 long side. We replaced box traps with cloverleaf
traps measuring 6.1 m in diameter beginning in
1998. We constructed the sides of these traps using

2.5 x 5.1-cm mesh, welded wire; these measured
either 0.6- or 1.2-m high, and we used 2.5-cm
mesh, nylon netting for the tops. We baited trap
entrances with whole corn and checked traps
daily. We marked all pintails with standard U.S.
Fish and Wildlife Service AVISE metal leg-bands
throughout our study; we did not use 1-800 style
bands. We classified pintails to age by examining
retrices, penis size, and presence/absence of a
bursa. We determined sex by color of the secon-
daries and bill markings. Additionally, we record-
ed all recaptures of pintails.

Analysis

We constructed capture histories incorporating
marking occasions, live recaptures (including
pintails that died upon recapture), and hunter
recoveries (Table 1). We classified birds by age at
banding (i.e., AHY or hatch-year [HY]), and we
excluded data pertaining to flightless young
(locals) due to small sample size (n = 11). We
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Table 1. Number of northern pintails captured by age and sex on the Yukon-Kuskokwim Delta,

Alaska, USA, 1990-2001.
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were too sparse to esti-
mate parameters from

Adult Hatch year models with interaction
. terms; therefore, we

Year Males Females Males Females Total Recaptures? Recoveries? . ..
only considered additive

1990 122 97 61 45 325 - 1 iy

1991 386 564 287 301 1,538 7 17 models. In addition, sur-
1992 509 411 277 331 1,528 29 52 vival and fidelity rates
1993 668 331 180 185 1,364 38 62 were autocorrelated in
1994 801 213 207 197 1,418 51 58 likelihood estimates due
1995 311 290 200 269 1,070 48 70 to low recapture and

1996 331 233 77 75 716 45 46 ; s for of
1997 217 182 190 229 818 14 59 reporting rates tor pin-
1998 875 403 147 106 1,531 61 92 tails, and we only consid-
1999 641 150 58 64 913 15 106 ered models in which
2000 246 198 371 395 1,210 29 95 variation was the same
2001 743 370 50 51 1,214 45 73 . : iy
Total 5850 3442 2,105 2248 13,645 382 731 in the survival and fideli

ty rates (i.e., if survival

28Recaptures are defined as the number of unique individuals banded on our study area in

previous years.

b Recoveries are defined as unique individuals shot or found dead and reported for the cur-

rent year.

obtained band recovery data from the U.S. Geo-
logical Survey Bird Banding Laboratory in Lau-
rel, Maryland, USA. We defined recoveries as
reported bands from pintails shot or found dead.
Because pintails are important to subsistence har-
vest on the YKD (Wentworth 1998), we included
recoveries during subsistence (nontypical sport)
harvest periods (i.e., Feb through Jul). Years
began with the initiation of the marking period.

We used program MARK (White and Burnham
1999) and the model developed by Burnham
(1993) to estimate survival probability, live recap-
ture probability, reporting probability, and cap-
ture location fidelity (Arnold et al. 2002, Blums et
al. 2002, Doherty et al. 2002). Estimation of fideli-
ty removed bias from survival estimates resulting
from permanent emigration. Reporting rate was
defined as the probability that a marked individ-
ual was found dead and reported, given that it
died during the period between banding occa-
sions (Burnham 1993). This model assumes
recaptures of live birds occur over a relatively
short period (banding), whereas recoveries of
dead birds occurred between banding opera-
tions.

The general model (S[age + sex + year] p[sex +
year] r{ age+ sex+ year] F [ age+ sex+ year]) assumed
that survival rates, reporting rates, and fidelity
were a function of sex, age (HY or AHY), and
year, and that recapture rates were sex- and year-
specific. We assumed no age-specificity in recap-
ture probabilities because all pintails were recap-
tured as adults. Our recapture and recoveries

was allowed to vary by
age and sex, then fideli-
ty was constrained to
vary by age and sex). We
followed methods pre-
sented by Doherty et al. (2002) to examine a
series of reduced parameter models in a system-
atic fashion using Akaike’s Information Criterion
(AIC) to identify models that best described our
data (Burnham and Anderson 1999).

We assessed goodness-of-fit to the global model
using the parametric bootstrap procedure avail-
able in program MARK. We divided deviance
from the global model by the mean deviance for
500 simulated data sets to estimate a variance
inflation factor. Model selection was based on
comparison of the quasi-likelihood Akaike’s
Information Criterion (QAIC,), which incorpo-
rated lack-of-fit (Burnham and Anderson 1998).
We estimated model parameters as a weighted
average by using normalized Akaike weights and
the parameter estimates from each model (Burn-
ham and Anderson 1998).

Because pintails are believed to disperse from
prairie areas during drought years (Smith 1970,
Hochbaum and Bossenmaier 1972, Derksen and
Eldridge 1980), they might have entered our
Alaskan sample in higher proportion during
those years. Therefore, we included the number
of Canadian ponds surveyed annually in May
(USFWS 2002) as a cohort group covariate for
fidelity rates. We added this covariate only to the
best model identified by AIC. Use of this covari-
ate was similar to transient models used to cor-
rect for capture of individuals that temporarily
immigrated from other populations (Loery et al.
1997). We transformed our reporting rate (7) to a
recovery rate (f) of f= r* (1 — survival rate)
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Table 2. Models used to estimate survival of northern pintails banded on the Yukon-Kuskokwim

Delta, Alaska, USA, 1990-2001.
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rates by transforming
reporting rates and by

the variance decom-

a b c ..

Model QAIC, AQAIC, MW NP Dosition procedure
Ss Psiy Tarssy Fsews gggigg ?g? gg? 2(1) described by Burn-
Sps+yra+s+y s ’ . . .

Sas Posy Favsey Fass 9,398.34 4.99 0.05 32 ham et al. (1987).
ary Posy avory Fory 9,406.46 13.11 0.00 51 Recovery rates aver-
wvsey Posy Tavsey Fassiy 9,409.88 16.53 0.00 53 aged 0.019 (0.002 SE)

2 Notation follows Lebreton et al. (1992) where a letter indicates that a given parameter varies
by that factor. The following designations apply: S = survival, p = recapture probability, r = report-
ing probability, and F = fidelity to the study area. Subscripts are defined as: a = age, s = sex, y =
year, WB = number of Canadian May ponds in year banded. Additive models are designated by +

between factors.
b MW = model weights generated by program MARK.
¢ NP = number of model parameters.

(Brownie et al. 1985). This allowed direct com-
parison to previous recovery rate estimates based
on a Brownie model (Rienecker 1987a).

RESULTS

We captured 5,850 AHY males, 3,442 AHY
females, 2,105 HY males, and 2,248 HY females
(Table 1). Most recoveries (>90%) occurred in the
Pacific Flyway (Fig. 1). California had the largest
number of recoveries (64%), with 57% reported
from the Central Valley region. One pintail was
recaptured in northern Japan, indicating that the
YKD population may mix with Asian waterfowl
populations. Only 2 bands were reported from
the spring subsistence harvest on the YKD.

We estimated the variance inflation factor as 1.28.
The most parsimonious model assumed adult sur-
vival varied by sex; recapture probability varied by
sex and year; recovery probability varied by age,
sex, and year; and fidelity rates varied by sex and
were correlated with Canadian May Pond indices
during the year of initial banding (Table 2).

Model selection favored models in which sur-
vival was a function of sex. Models that contained
age and/or variation in time explained little vari-
ation in survival (parameter likelihoods = 0.05 for
age and 0.00 for year). Annual survival of males
(77.6%, 95% CI:73.9-81.0%) exceeded rates of
females (60.2%, 95% CI:53.2-67.0%). Reporting
rate model selection favored models that con-
tained effects of age, sex, and year. For adults,
reporting rates of males exceeded those of females
(Fig. 2). Within sexes, reporting rates of HY pin-
tails exceeded those of AHY pintails (Fig. 2).
Reporting rates of HY males were typically twice
those of AHY males, and the relative difference
between sexes was greater for HY birds (Fig. 2).
We were able to estimate year-specific recovery

for AHY males, 0.009
(0.001 SE) for AHY
females, 0.043 (0.005
SE) for HY males, and
0.023 (0.003 SE) for
HY females (Table 3).
Because these are
transformed values
based on constant annual survival, patterns of annu-
al variation and standard errors mirror those for
reporting rates (Fig. 2). Recapture rate model selec-
tion favored models in which recapture probability
varied by sex and year and were quite low (<0.06;
Table 3). Because we constrained our candidate
model set so that survival and fidelity were modeled
with the same variables, fidelity in our candidate
models also varied only by sex. Fidelity rates were
positively correlated with numbers of Canadian May
Ponds in the year of banding (Fig. 3) as a cohort
effect and reflected the probability that an individ-
ual would ever return to our capture location again.
Females returned to the banding site at higher rates
(0.899 in capture years with low May pond numbers
and 0.943 in capture years with high May pond
numbers) than did males (0.774 in capture years
with low May pond numbers and 0.872 in capture
years with high May pond numbers).

DISCUSSION

Because we combined live recaptures and
recoveries of dead birds, we were able to model
emigration directly, so our estimates of survival
were free of this potential bias. Our survival esti-
mates for adults were very similar to those report-
ed by Rienecker (19874) and Hestbeck (19930)
from winter-banded pintails across North Ameri-
ca prior to 1979. However, it is likely that these
estimates based on winter-banded birds repre-
sented subsamples of birds from a variety of
breeding locations. Accordingly, we caution that
comparison with data from a single breeding
area may be misleading.

The reporting rate for HY males was 3 times
higher than for HY females. Certainly, this is par-
tially explained by higher harvest rates of HY male
pintails (Cox et al. 1998). However, this does not
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HY males; but other fac-
tors, likely associated
with their first breeding
season, are dominant
mortality factors for HY
females (Johnson et al.
1992).

Recovery rates estimat-
ed by Rienecker (1987a)
during the 1960-1980s
E exceeded those for our
summer-banded sample.
There are 2 possible
explanations for this dif-
ference in recovery rates.
First, harvest rates may

1990 1992 1994 1996 1998 2000 2002

Year

Fig. 2. Reporting rates (+SE) for northern pintails banded on the Yukon-Kuskokwim Delta,

Alaska, USA, 1990-2001.

explain all of the variation between sexes because
reporting rate was 3 times higher for HY males rel-
ative to HY females, whereas the recovery rate for
males was only about twice as high as females. The
interpretation of these reporting rates is the pro-
portional contribution of mortality associated
with band reporting (i.e., harvest) to overall
annual mortality. In a comparative sense, report-
ing rates increase as nonharvest mortality rates
decline relative to harvest rates. Therefore, part
of the difference in reporting rates between HY
males and HY females is related to lower non-
hunting mortality rates for males. We conclude
that harvest is an important mortality factor for

have declined in response
to more restrictive har-
vest regulations. If so, this
apparent reduction in
harvest rate did not result
in subsequent increases
in annual survival. This
suggests that harvest mortality was not additive.
Alternatively, we suggest that recovery rates for
Alaskan breeding pintails could be lower than for
other pintails wintering in California. Rienecker
(1987a) marked his preseason sample in August
and September well before most Alaskan birds
would be present. Fleskes et al. (20024) noted that
HY pintails arrived in California later than AHY
birds, implying that timing of migration depended
upon reproductive status. Further, a significant
number of pintails staged in Alaska in late October
when hunting seasons in California were open,
thereby reducing exposure of Alaskan birds to har-
vest. Additionally, our estimates of recovery rate

Table 3. Recapture and recovery rates? of northern pintails banded on the Yukon-Kuskokwim Delta, Alaska, USA, 1990-2001.

Recapture estimate

Recovery estimate

Year Males SE Females SE AHY-M SE AHY-F SE HY-M SE HY-F SE

1990 — — — — 0.003 0.003 0.001 0.001 0.007 0.008 0.003 0.004
1991 0.024  0.011 0.056  0.024 0.009 0.003 0.004 0.001 0.023 0.006 0.011 0.003
1992 0.017  0.004  0.041 0.008 0.020 0.003 0.009 0.002 0.047 0.008 0.025 0.005
1993 0.016  0.004 0.038 0.008 0.021 0.003 0.010 0.002 0.050 0.009 0.027 0.005
1994 0.020 0.004 0.048 0.008 0.016  0.003 0.008 0.001 0.040 0.007 0.021 0.004
1995 0.018 0.004 0.043 0.009 0.019 0.003 0.009 0.002 0.047 0.008 0.025 0.005
1996 0.017 0.004 0.040 0.008 0.015 0.003 0.007 0.001 0.038 0.007 0.020 0.004
1997 0.006 0.002 0.015 0.005 0.019 0.003 0.009 0.002 0.045 0.008 0.024 0.005
1998 0.028 0.006 0.063 0.012 0.026 0.003 0.013 0.002 0.059 0.009 0.034 0.006
1999 0.006 0.002 0.014 0.004 0.031 0.003 0.015 0.002 0.069 0.009 0.041 0.007
2000 0.012 0.003 0.029 0.007 0.023 0.003 0.011 0.002 0.054 0.007 0.030 0.005
2001 0.018 0.004 0.042 0.009 0.020 0.003 0.010 0.002 0.048 0.008 0.026 0.005

aRecovery rates (f) are transformed from our model averaged estimates of reporting rate (r; see Fig. 2).
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may potentially be biased
low due to low reporting
rates of subsistence-har-
vest-killed pintails. We
acknowledge that prairie
originating pintails may
not be subjected to the
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our recovery estimates
and those of Rienecker
(1987a). Because har-
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vest regulations varied,
we cannot discriminate
between effects of har-
vest regulation changes
and differential harvest
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susceptibility.
Recovery rates of males
exceeded those of ka USA, 1990-2001.

females and likely reflect-

ed hunter selectivity as suggested by Rienecker
(1987a) and Metz and Ankney (1991). Also, recov-
ery rates of HY pintails exceeded those of adults,
suggesting that HY pintails have higher vulnerabil-
ity to hunting like other ducks (Haramis et al.
1993, Pace and Afton 1993).

The Central Valley region of California was the
primary wintering area for pintails we banded,
and the geographic distribution of recoveries
appears to fit the fidelity rates we estimated. For
example, <10% of the recoveries occurred out-
side the Pacific Flyway. These may have been
birds that emigrated to Alaska and entered our
sample during drought years on the Canadian
prairies and subsequently returned to prairie
nesting regions under better water conditions.
Our estimated fidelity rates for AHY females were
similar to fidelity rates estimated by Hestbeck
(1993a) for pintails wintering in California.
Therefore, there is a relatively strong fidelity
between Alaskan breeding grounds and associat-
ed Californian wintering areas.

Female pintails prefer ephemeral wetlands
(Smith 1968) and regularly pioneer new areas to
adapt to annual variation in habitat conditions
(Johnson and Grier 1988). Our estimates of female
site fidelity are considerably higher than those
recorded for most other duck species (Anderson et

2,000 2,500 3,000 3,500 4,000 4,500 5,000
Number of Canadian May ponds

(x 1,000)

Fig. 3. Fidelity rates (+SE) for northern pintails banded on the Yukon-Kuskokwim Delta, Alas-

al. 1992). It may be advantageous for female pin-
tails to show high fidelity to the YKD because the
relative consistency of wetland conditions results in
breeding habitat that varies little between years.
However, in our analyses, temporary emigration
was confounded with our recapture rate, and we
could not detect short term displacement associat-
ed with water conditions. We predict that, while
rates of temporary emigration away from the
prairies are highly variable, true female fidelity
rates to prairie areas are likely similar to what we
measured for YKD birds because transients appar-
ently returned to the prairies in subsequent years
(i.e., they showed fidelity to the prairies).

Our results are also unusual in that male and
female fidelity rates differed by <13%, regardless
of age. Other studies suggest females have sub-
stantially higher return rates to nesting areas
than males (Rohwer and Anderson 1988, Ander-
son et al. 1992). Rienecker (1987b) reported that
female pintails also had higher fidelity rates to
wintering areas than males. If breeding popula-
tions mix on wintering areas and random pair
formation occurs, we would expect large differ-
ences in fidelity rates between sexes as found in
other waterfowl (Lindberg et al. 1998). One
explanation for the high fidelity rate of YKD male
pintails is that pair formation may not occur ran-
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domly. Nonrandom mate selection would require
that YKD wintering populations be relatively seg-
regated from other subpopulations during pair
formation. However, Fleskes et al. (2002b)
described low levels of subpopulation segrega-
tion on wintering areas. Alternatively, males may
undertake a molt migration to consistent areas
regardless of the breeding location of their mate.
Accordingly, the fidelity rate we document for
male pintails may not be indicative of breeding
site fidelity.

Some of the adult females we banded could
have been molt migrants. However, we assume
that the HY birds we captured most likely came
from the local breeding area. Median hatch dates
for pintails nesting on the YKD were in late June
(Flint and Grand 1996), and we captured birds
shortly after fledging. We assume it is unlikely
that HY birds from other breeding areas would
have migrated to the YKD during our capture
periods. Flint et al. (1998) suggested that pintails
breeding on the YKD fledged only 0.16 young
females per breeding female annually. Under the
assumption that we captured a random sample of
birds with respect to age and sex, the age ratio of
our banded sample (i.e., 0.65 HY females per
AHY female) implies that there were not an
excess of adult females present on our study area.
If our banding location consistently attracted a
large number of molt migrants, we would expect
this ratio to be considerably lower. Accordingly,
we assume that our fidelity rates for females
reflect breeding site fidelity to the YKD.

The May ponds covariate in the fidelity esti-
mate supports the presence of transients during
years with prairie drought. Therefore, when May
Pond numbers were high, few birds from the
prairies were available on the YKD to be banded
in our study. Conversely, when May Pond num-
bers were low, prairie pintails dispersed from the
prairies, and were more likely to be banded on
our study area. Thus, the true fidelity rate (i.e., in
the absence of transients) for YKD pintails is like-
ly greater than 95% for females and greater than
87% for males. We tested for an age effect in
fidelity, but we found little evidence (AQAIC, =
4.99; Table 2) for this effect, which implies high-
er natal philopatry than anticipated. Cronin et al.
(1996) reported no genetic differentiation
among breeding populations in Alaska and the
Prairie Pothole region. Our fidelity rates support
this assessment, as our dispersal rates would easi-
ly support sufficient gene flow to eliminate genet-
ic differences between these populations. Howev-
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er, the combination of adult female site fidelity
and natal philopatry are 2 key pieces for the
development of subpopulation structure. There-
fore, even if genetic differences do not exist, the
YKD supports a relatively distinct subpopulation.

MANAGEMENT IMPLICATIONS

Our data suggest that movement in addition to
local survival and recruitment must be consid-
ered when assessing local population dynamics
because 5-10% of females disperse in any given
year. Perhaps pintails are best viewed as a meta-
population. Rates and patterns of movements
among segments of this meta-population deserve
further study.

Flint et al. (1998) demonstrated that popula-
tion dynamics were most sensitive to adult female
survival. We recommend that future studies focus
on partitioning of annual survival into key parts
of the pintail annual life cycle so that future man-
agement options can focus on more pressing
population bottlenecks. The relatively low recov-
ery rate of pintails in our sample, especially adult
females (<1%), indicates that harvest does not
have a major impact on YKD pintail populations.
Given low harvest rates, other management
options focused on non-hunting mortality or
recruitment would likely be more effective than
further harvest restrictions. We recommend repli-
cation of pre- and post-season banding studies with-
in California (Rienecker 1987a) to directly assess
temporal changes in survival associated with har-
vest and nonharvest sources of mortality.
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