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Abstract: To improve understanding of pintail ecology, we radiotagged 191 hatch-year (HY) and 228 after-hatch-year
(AHY) female northern pintails (Anas acuta) in the San Joaquin Valley (SJV), and studied their survival through-
out central California, USA, during September–March, 1991–1994. We used adjusted Akaike Information Criteri-
on (AICc) values to contrast known-fate models and examine variation in survival rates relative to year, interval, win-
tering region (SJV, other central California), pintail age, body mass at capture, capture date, capture area, and
radio type. The best-fitting model included only interval × year and age × body mass; the next 2 best-fitting mod-
els also included wintering region and capture date. Hunting caused 83% of the mortalities we observed, and sur-
vival was consistently lower during hunting than nonhunting intervals. Nonhunting and hunting mortality during
early winter was highest during the 1991–1992 drought year. Early-winter survival improved during the study along
with habitat conditions in the Grassland Ecological Area (EA), where most radiotagged pintails spent early winter.
Survival was more closely related to body mass at capture for HY than AHY pintails, even after accounting for the
later arrival (based on capture date) of HY pintails, suggesting HY pintails are less adept at improving their con-
dition. Thus, productivity estimates based on harvest age ratios may be biased if relative vulnerability of HY and
AHY pintails is assumed to be constant because fall body condition of pintails may vary greatly among years. Cumu-
lative winter survival was 75.6% (95% CI = 68.3% to 81.7%) for AHY and 65.4% (56.7% to 73.1%) for HY female pin-
tails. Daily odds of survival in the cotton–agriculture landscape of the SJV were –21.3% (–40.3% to +3.7%) lower
than in the rice–agriculture landscape of the Sacramento Valley (SACV) and other central California areas. High-
er hunting mortality may be 1 reason pintails have declined more in SJV than in SACV.
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Northern pintails (hereafter pintails) have
been the most abundant duck in the Pacific Fly-
way (U.S. Fish and Wildlife Service [USFWS]
1978) and the most important duck to California
hunters (Gilmer et al. 1989). On average, about
half of the pintails in North America migrate to
and winter in central California (USFWS 1978,
Bellrose 1980), arriving as early as the first week
of August and remaining through March.

Pintail breeding populations in North America
reached all-time lows in the early 1990s (USFWS
and Canadian Wildlife Service [CWS] 1995) and
midwinter pintail populations in California are
still only about 25% of those recorded in the 1970s
(Pacific Flyway Waterfowl Reports and USFWS,
Portland, Oregon, USA, unpublished data). The
decline of pintails has been especially prevalent
during late winter in the SJV, the southern part of
central California (Fig. 1). For instance, during
central California surveys in the 1970s, about 50%
of pintails counted in mid-September and 24% of

the pintails counted in early January occurred in
the SJV. However, during the 1980s, the SJV
accounted for only 24% of central California pin-
tails in mid-September and 8% in early January
(California Department of Fish and Game
[CDFG], Sacramento, and USFWS, Portland,
Oregon, USA, unpublished data).

Most data indicate that low recruitment
because of persistent drought and poor nest suc-
cess are the main reasons for the decline of con-
tinental pintail populations (Miller and Duncan
1999). However, because pintails (especially fe-
males) exhibit high fidelity to some wintering
grounds (Rienecker 1987a, Hestbeck 1993a), high
mortality during winter also may depress long-
term viability of local populations (Hestbeck
1993a). Past increases in Pacific Flyway pintail
populations were associated with high annual
survival rates for females (Hestbeck 1993b), and
models of pintail population dynamics in Alaska
were most sensitive to variation in female survival
(Flint et al. 1998). Thus, female mortality, both
on breeding and wintering areas, may be a key
determinant of population trends. Data on the1 E-mail: joe_fleskes@usgs.gov
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magnitude, timing, and causes of female pintail
mortality during winter are needed to effectively
manage continental pintail populations (USFWS
and CWS 1986, Reynolds et al. 1995).

Miller et al. (1995) radiotagged pintails in the
SACV, the northern part of central California
(Fig. 1), and studied their survival during winter,
1987–1990. Overwinter survival of AHY females
during that study was high (88%; Miller et al.
1995). However, HY females were not studied,
and little was learned about survival in the SJV
because few SACV pintails visited the SJV.

To obtain information important for manage-
ment of pintails, we radiotagged HY and AHY
female pintails throughout the SJV after their
late-summer arrival, and monitored their survival
throughout central California during winter,
1991–1994. We identified causes, location, and tim-
ing of female pintail mortalities and examined vari-
ation in survival rates in central California relative
to year, interval, wintering region, pintail age, body
mass, capture date, capture area, and radio type.

STUDY AREA
We studied pintail survival in the SJV (includes

the San Joaquin River National Wildlife Refuge
[NWR], Grassland EA, Mendota Wildlife Area
[WA], and Tulare Basin) and other central Cali-

fornia areas (composed of SACV, Sacramento–San
Joaquin River Delta [Delta], Suisun Marsh, and
San Francisco Bay [Fig. 1; USFWS 1978]).

San Joaquin Valley waterfowl habitat consisted
primarily of shallow, seasonal wetlands in 3 dis-
tinct blocks (up to 23,313 ha in the Grassland EA;
2,762 ha in Mendota WA; and 2,946 ha in the
Tulare Basin) that were separated by agricultural
lands (Fleskes 1999). Except for ≤2,399 ha of bar-
ley–wheat, safflower, alfalfa, and cotton in the
Tulare Basin that were harvested, disked, and
flooded before the next planting, agricultural
lands in the SJV were rarely flooded or used by
waterfowl (Fleskes 1999). In contrast, the
20,000–27,000 ha of wetlands in the SACV were
interspersed among 24,000–60,000 ha of rice
fields flooded after harvest (CVHJV Technical
Committee 1996), which provided a relatively
contiguous block of waterfowl habitat. In the
Delta, approximately 12,000 ha of grain fields
that were flooded after harvest (CVHJV Techni-
cal Committee 1996) and 7,000 ha of wetlands
(Heitmeyer et al. 1989) provided waterfowl habi-
tat. Suisun Marsh provided 22,000 ha of brackish
wetland habitat (Heitmeyer et al. 1989). Salt
ponds, tidal and diked marsh, and open bay were
available in the heavily industrialized and urban-
ized San Francisco Bay (USFWS 1979).

Most wetlands in the Central Valley were not
flooded, but were irrigated periodically during
the summer to promote seed production and
flooded during winter. Most initial flooding of
wetlands and harvested croplands occurred dur-
ing mid-August to late October. Water for irriga-
tion, fall flood-up, and water level maintenance
was delivered from reservoirs that stored Sierra
Mountain snowmelt. Thus, the timing and
amount of early-winter habitat varied with the
previous winter’s snowfall. Rains during late win-
ter flooded additional habitat each year.

Habitat conditions improved during the study
due to increased precipitation and water avail-
ability (Fleskes 1999). Habitat conditions were
poor during 1991–1992 because of 4 years of
below-normal precipitation throughout Califor-
nia (California Department of Water Resources
1991; National Climatic Data Center, Asheville,
North Carolina, USA, unpublished data). The
impact of drought was most severe in the SJV,
with record-low water deliveries to the Grassland
Water District in 1991–1992 that prevented irriga-
tion of private wetlands during May–July and
delayed fall flood-up 2 weeks (Grassland Water
District, Los Banos, California, USA, unpublished

Fig. 1. Regions of California and areas within the San Joaquin
Valley used by northern pintails during Sep–Mar, 1991–1994.
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data). Wetland conditions improved after Janu-
ary 1992 because of above-average precipitation
and higher water levels in reservoirs. Conditions
in the Grassland EA were further improved dur-
ing 1993–1994 (Fleskes 1999) when the Central
Valley Project Improvement Act (Davis 1992)
nearly doubled the amount of water delivered to
the Grassland Water District (Grassland Water
District, Los Banos, California, USA, unpublished
data). Mean weekly seasonal marsh availability in
the Grassland EA before hunting season (i.e., Pre-
hunt) increased from 5,385 ha in 1991, to 6,698 ha
in 1992, and 9,603 ha in 1993 (Fleskes 1999).

Duck hunting daily bag limits (4 ducks with 1
either-sex pintail) and season lengths (59 days)
were identical throughout California during all
years of the study (CDFG, Sacramento, Califor-
nia, USA, unpublished data). However, the tim-
ing of the hunting seasons differed among years
and regions. The hunting season was 59 consecu-
tive days, starting in early to mid-November in the
southern SJV zone (includes Tulare Basin but not
Mendota WA), and starting the second Saturday
in October in the northeastern California zone.
Elsewhere the season was split, with most areas
(including the balance of the state zone where
almost all radiotagged pintails wintered) having a
22-day late October to mid-November first season
(Hunt1) and a 37-day second season (Hunt2)
starting after a 12- (in 1991), 19- (in 1992), or 27-
(in 1993) day closure (i.e., Split) of duck hunting
after the end of the first season. In addition, near-
ly all duck clubs in the Grassland EA and wildlife
areas and national wildlife refuges in central Cal-
ifornia allowed hunting only on Wednesdays, Sat-
urdays, and Sundays. Kern NWR allowed hunting
on Wednesdays and Saturdays, and many Tulare
Basin clubs adopted only Wednesdays and Satur-
days as hunting days. Many clubs outside SJV
allowed hunting all days of the season.

METHODS

Field Procedures
We radiomarked female pintails 29 August–6

October 1991, 31 August–5 October 1992, and 28
August–25 September 1993 in the Tulare Basin (n
= 42 AHY, 20 HY), Mendota WA (n = 71 AHY, 47
HY), and Grassland EA (n = 115 AHY, 124 HY)
roughly in proportion to pintail abundance in
the SJV as determined by September aerial sur-
veys (G. Gerstenberg, CDFG, Los Banos, Califor-
nia, USA, unpublished data). We captured 4–275
(x– = 76) pintails with each of 11–14 rocket-net

(Schemnitz 1994) shots each year at rice-baited
and unbaited sites on flooded agricultural fields
in the Tulare Basin and in wetlands at Mendota
WA and national wildlife refuges, wildlife areas,
and duck clubs in the Grassland EA. Female age
ratios were skewed heavily toward AHY in the cap-
tures, with only 11.4%, 19.5%, and 37.1% HY
before 26 September, and 27.6%, 22.2%, and
37.1% HY overall in 1991, 1992, and 1993, respec-
tively. Thus, to radiotag pintails of both age class-
es during a similar period, we radiotagged all HY
females that we captured until our annual goal
was reached but released randomly selected AHY
females without radios. Even so, mean radiotag-
ging dates in 1991 and 1992 were about 2 weeks
earlier for AHY (42 days before hunting season)
than HY (27–28 days before hunting season)
females because few or no HY pintails were cap-
tured until late September in those years due to
poor or late production (USFWS and Canadian
Wildlife Service 1991, 1992). In 1993, pintail pro-
duction improved (USFWS and Canadian Wild-
life Service 1993), and mean radiotagging dates
were similar for AHY (35 days before hunting sea-
son opened) and HY (32 days before hunting sea-
son opened) females. We weighed (± 5 g), mea-
sured (flat wing, culmen 1, total tarsus [Dzubin
and Cooch 1992] ± 0.01 mm), aged (HY or AHY;
Larson and Taber 1980, Duncan 1985, Carney
1992), and legbanded some male and all female
pintails that we captured. Pintails were released at
the capture location from <1 to 19 (x– = 7.7) hours
after capture. We attached 20- to 21-g (2.0–3.2%
of body mass) radiotransmitters with back-mount-
ed harnesses (Dwyer 1972) in 1991 (n = 115) and
1992 (n = 123), but in 1993, we attached either har-
ness (n = 98) or spear-suture transmitters (n =
83). Spear-suture transmitters were similar to that
described by Pietz et al. (1995), except that they
were circular (20 mm diameter, 12 mm high) and
weighed 8–9 g. Each transmitter had a unique sig-
nal, a mortality sensor, life expectancy ≥210 days,
and an initial minimum range of 3.2 km ground-
to-ground using a 150-db receiver and dual 4-ele-
ment Yagi antennas mounted on the roof of a
pickup truck. Transmitters were imprinted with
contact information. We solicited information
from hunters by posting project descriptions at
hunting check stations and in statewide media.

We recorded status (location, alive, dead) of
each pintail 1–2 times a day during the hunting
season and at least every other day during non-
hunting intervals in SJV, and at least once a week
(for most at least every other day) in other central
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California areas, from the date of the first pintail
capture until the end of March each year (approx.
215 days). We conducted aerial searches (Gilmer et
al. 1981) of waterfowl habitat and urban areas for
missing pintails weekly throughout central Cali-
fornia. With cooperators, we also searched other
areas, including northeastern, coastal, and Salton
Sea California; Malheur NWR area, Willamette,
and Klamath basins in Oregon; the Carson sink in
Nevada; and the west coast of Mexico, 1–10 times
each winter for pintails not found in central Cal-
ifornia. We censored (i.e., excluded data there-
after) pintails that left central California and any
equipped with failing radios as evidenced by abnor-
mal signals. Pintails that shed radios were censored
on the date their radios were shed. We excluded
14 of the 433 pintails we radiotagged from analy-
ses because they did not adjust to their radios, as
evidenced by their failure to make feeding flights,
and were killed by predators 1–6 days after mark-
ing. We determined the timing and cause of death
by site and carcass evidence and a review of the
bird’s movements (Fleskes 1999). We also record-
ed deaths reported by hunters and others. 

Data Analysis
We conducted known fate modeling using pro-

gram MARK (White and Burnham 1999) to
examine variation in female pintail daily survival
in central California relative to year (1991–1992,
1992–1993, 1993–1994), interval (Prehunt, Hunt1,
Split, Hunt2, Posthunt), pintail wintering region
(SJV, other central California), pintail age (HY,
AHY), body mass at capture (standardized by age
class), capture date (days before start of Hunt1),
capture area (Grassland EA, Mendota WA, Tulare
Basin) and radio type (harness, spear-suture). We
used AICc values (Akaike 1985, Burnham and
Anderson 1992) to compare support for 80 candi-
date models, including models with only single
main effects, combinations of main effects without
interactions, main effects with individual 2-way
interactions, models with interval × year and age ×
body mass plus 1 other 2-way interaction, and
other candidate models. We estimated survival
using the best-fitting model and effects of covari-
ates for models within 2 units of AICc of the best-
fitting model (Burnham and Anderson 1992). For
modeling the effect of wintering region, we treat-
ed birds as censored when they left a region of
interest and as captured when they entered a
region of interest. We estimated change in daily
odds of survival (with 95% confidence intervals)
for important model factors directly in program

MARK (White and Burnham 1999), by manipu-
lating the design matrix if necessary and trans-
forming Beta values. We computed hunting and
nonhunting mortality rates by considering natur-
al or hunting mortalities, respectively, as cen-
sored observations (Conroy et al. 1989). 

RESULTS

Causes, Location, and Timing 
of Pintail Mortalities

Of the 419 pintails that we successfully radio-
tagged, 101 died during the winter in which they
were radiotagged. However, 7 of those were cen-
sored because of failing radios before being
reported shot (in the SJV), and 2 were censored
when they left central California before being shot
near Salton Sea. Thus, we estimated survival from
92 deaths among the 419 radiotagged pintails.

Hunting was the major cause of death (76/92 =
83%); 7 were killed by avian predators, 1 died with
several unmarked pintails from a collision with a
power line during a late December period of
dense fog, and 8 died from other nonhunting
causes (4 avian cholera, 1 aspergillosis [Aspergillus
sp.], 3 undetermined disease or poison). Of the 76
pintails shot in central California with functioning
transmitters, 61 were shot in the SJV, 11 in the
SACV, 2 in the Delta, and 1 each in Suisun Marsh
and San Francisco Bay. All predator kills occurred
in the SJV, with all but 1 being killed during Pre-
hunt and 4 of 7 on private lands. All disease
deaths occurred after late December with 5 of 8
dying in the SACV and all but 1 on private lands.

Factors Related to Pintail Survival 
in Central California

Interval × year and age × body mass were the
only factors present in the best model (Table 1)
and were present in the best-fitting 13 models of
the 80 we contrasted. Early-winter (i.e., before
Hunt2) survival was lowest during the 1991–1992
drought year because of higher nonhunting and
hunting mortality but survival increased during
the 3-year study (Table 2). Survival was consis-
tently lower during hunting than nonhunting
intervals because of hunting mortality. Daily odds
of survival for an average-mass AHY female pin-
tail were 28.3% (95% CI = 3.9% to 58.4%) greater
than for an average-mass HY female pintail.
Cumulative winter survival was 75.6% (68.3% to
81.7%) for AHY, 65.4% (56.7% to 73.1%) for HY,
and 71.9% (66.3% to 77.0%) for females, overall.
Daily odds of survival increased 35.9% (3.0% to
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79.3%) for HY females with each additional gram
of body mass at capture. The relationship of cap-
ture mass and survival of AHY females was less

consistent (–18.4%, –40.1% to +11.1%). 
In addition to interval × year and age × body

mass, wintering region (with or without an inter-
action with age) and capture date were present in
the 2 other models with AICc values <2 units high-
er than the best model (Table 1). Early capture
date improved survival regardless of the body
mass or age of pintails (model 14 vs. 15, 16; Table
1). Averaged across intervals and years, the daily
odds of survival in SJV for an average-mass HY
were –26.7% (–49.8% to +7.2%) lower, and for an
average-mass AHY were –15.7% (–41.5% to
+21.5%) lower than the odds of survival in other
central California areas. In SJV, daily odds of sur-
vival for an average-mass AHY were 20.1% (–8.6%
to +59.4%) greater than for an average-mass HY.
Elsewhere in central California, the daily odds of
survival for an average-mass AHY were only 4.4%
(–34.5% to +66.4%) greater than for HY. Survival
increased 14.6% from –12.1% to +49.5% for each
additional day before hunting the bird was cap-
tured. Capture area (model 4 vs. 1) and radio type
(model 8 vs. 1) were not closely related to survival
of female pintails in central California (Table 1).

DISCUSSION

Geographic Variation in Hunting Mortality
Pintails radiotagged in the SJV survived winter

at rates (HY = 0.654, SE = 0.042; AHY = 0.756, SE
= 0.034) similar to pintails radiotagged in Suisun
Marsh (HY = 0.625, SE = 0.045; AHY = 0.775, SE =

Table 1. Akaike Information Criterion (AICc) values, adjusted for
small sample size, for the 3 best-fitting models and others select-
ed to display covariate importance on survival of female northern
pintails in central California, USA, Sep–Mar, 1991–1994.

Model                             AICc weight  ∆AICc

(1) year × interval, age × mass 0.419 0  
(2) year × interval, age × mass, 

capture date, age × winter region 0.198 1.5  
(3) year × interval, age × mass, 

capture date, winter region 0.170 1.8  
(4) year × interval, age × mass, 

capture area 0.108 2.7  
(5) year × interval, age × mass, 

capture date 0.038 4.8  
(6) year × interval, age × mass, 

winter region 0.036 4.9  
(7) year × interval, age × mass, 

age × winter region 0.015 6.6  
(8) year × interval, age × mass, 

radio type 0.008 7.9  
(9) year × interval, age 0.005 8.6  
(10) year × interval 0.001 12.0  
(11) year × interval, mass 0 13.5  
(12) interval, age 0 17.4  
(13) year, interval, age 0 19.2  
(14) year, interval, age, mass, 

winter region, capture date 0 19.9  
(15) year, interval, age, mass, winter 

region, capture date × mass 0 20.8  
(16) year, interval, age, mass, 

winter region, capture date × age 0 21.9  
(17) age 0 106.7 

Table 2. Survival with 95% CI, and hunting (Hmort) and nonhunting (NHmort) mortality rates of female northern pintails radio-
tagged in San Joaquin Valley and wintering in central California, USA. Intervals based on “balance of state” hunting regulations.

95% CI    
Winter Interval Days  Survival Lower Upper Hmort NHmort  

1991–1992 Prehunt 58 0.957 0.873 0.986 0.000 0.047   
Hunt1 22 0.794 0.695 0.864 0.201 0.000   
Split 13 0.986 0.904 0.998 0.000 0.015   
Hunt2 37 0.938 0.843 0.976 0.060 0.000   
Posthunt 85 1.000 0.999 1.000 0.000 0.000   
Overall 215 0.693 0.583 0.785 0.249 0.076  

1992–1993 Prehunt 54 0.977 0.910 0.994 0.000 0.024   
Hunt1 22 0.879 0.804 0.927 0.120 0.000   
Split 20 0.990 0.932 0.999 0.000 0.010   
Hunt2 37 0.869 0.780 0.924 0.109 0.023   
Posthunt 80 0.962 0.856 0.990 0.000 0.039   
Overall 213 0.710 0.614 0.790 0.216 0.094  

1993–1994 Prehunt 56 1.000 0.999 1.000 0.000 0.000   
Hunt1 22 0.904 0.847 0.941 0.095 0.000   
Split 27 1.000 0.999 1.000 0.000 0.000   
Hunt2 37 0.874 0.792 0.925 0.115 0.011   
Posthunt 74 0.908 0.773 0.965 0.000 0.095   
Overall 216 0.721 0.619 0.804 0.199 0.101
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0.062; M. R. Miller, U.S. Geological Survey, per-
sonal communication), slightly higher than pin-
tails radiotagged in Louisiana (HY = 0.550, SE =
0.068; AHY = 0.714, SE = 0.045; Cox et al. 1998)
but lower than pintails radiotagged in the SACV
(AHY = 0.874, SE = 0.03; Miller et al. 1995) and
Sinaloa, Mexico (HY and AHY = 0.91, SE = 0.02;
Migoya and Baldassarre 1995). Further, daily
odds of survival were greater for pintails in this
study after they moved to other central California
areas (mainly SACV; Fleskes 2002). Survival var-
ied among these areas mainly because hunting
mortality varied; nonhunting mortality was low in
all areas (Migoya and Baldassarre 1995, Miller et
al. 1995, Cox et al. 1998).

Our observation of higher hunting mortality in
the SJV than elsewhere in central California is
consistent with other data. Rienecker’s (1987b)
banding data show higher (P ≤ 0.007) direct
recovery rates for HY and AHY female pintails
banded during 1950–1961 in the Grassland EA
than for those banded during 1949–1963 in the
SACV. Also, comparisons of regional abundance
and harvest of pintails show that the portion of
the central California pintail harvest that
occurred in the SJV was greater than the portion
of the central California pintail population that
occurred there (e.g., during 1991–1994, 36% of
central California harvest but only 8% of central
California midwinter population occurring in
SJV; see Fleskes 1999). Hestbeck (1993b) found
no geographic variation in annual survival rates
of female pintails banded post-season but
grouped all of central California when compar-
ing survival rates between Louisiana and other
areas; he did not compare them to survival rates
of pintails in Mexico. 

Differences in pintail hunting mortality among
central California regions were probably due to
differences in the amount of sanctuary, types of
feeding habitats, waterfowl populations, and
hunter pressure. About 25% of wetland habitat
on wildlife areas and national wildlife refuges in
the SACV was closed to waterfowl hunting com-
pared to only about 6% of wetland habitat on
wildlife areas and national wildlife refuges in the
northern SJV (CVHJV Technical Committee
1996). Pintail habitat in the Grassland EA during
much of the hunting season was almost exclu-
sively seasonal wetlands provided by duck clubs,
national wildlife refuges, or wildlife areas man-
aged specifically for waterfowl and hunting
(Fleskes 1999). In contrast, crop fields that were
flooded mainly to promote straw decomposition

(Elphick 1998) or weed control (Casazza 1995)
were available in the SACV and Delta. Some of
these flooded fields were not regularly hunted
and provided sanctuary. Also, pintails may have
had an easier time fulfilling their energetic re-
quirements and avoiding hunters in the SACV,
where they could feed on rice, than in northern
SJV, where only wetlands were available. Inverte-
brates make up a larger portion of the diet of pin-
tails during winter in the SJV (Beam and Gruen-
hagen 1980, Connelly and Chesemore 1980, Euliss
1984) than in the SACV (Miller 1987), and al-
though invertebrates have similar metabolizable
energy per gram as rice (see Miller 1987), the
time and effort required to gather the same
amount of energy probably is much greater for
invertebrates than rice (Miller 1985, Paulus
1988). Other waterfowl, especially species pre-
ferred by hunters (e.g., mallards [Anas platyrhyn-
chos]), are less abundant in the SJV than in the
SACV (Pacific Flyway Waterfowl Reports and
USFWS, Portland, Oregon, USA, unpublished
data), which may also increase the relative har-
vest pressure on SJV pintails. Migoya and Baldas-
sarre (1995) theorized that the large habitat area
and low numbers of hunters in Sinaloa resulted
in light hunter pressure relative to California and
Louisiana. Our data suggest that hunting pres-
sure also varies within California. Hunting pres-
sure was high in Louisiana, and like in the SJV,
HY females were much more likely than AHY
females to be shot (Cox et al. 1998). Hunting
pressure was low in Mexico, and like in the SACV,
differences in survival of AHY and HY pintails
were small (Migoya and Baldassarre 1995).

Pintail Age, Arrival Condition, and Date
Like others reporting a direct relation between

body condition and survival (Greenwood et al.
1986, Hepp et al. 1986, Reinecke and Shaiffer
1988, Conroy et al. 1989, Dufour et al. 1993, Heit-
meyer et al. 1993), we speculate that pintails in
poor condition had reduced survival because
they were more focused on feeding rather than
avoiding hunters and predators, more attracted
to decoys they perceived as ducks feeding in pre-
ferred sites, and at greater risk to disease. We the-
orize fall body condition was more closely related
to survival of HY than AHY because HY condition
changed less before hunting started. Based on
capture date, most HY pintails in the SJV arrived
on the wintering grounds later than AHY pintails
and had less time to improve their condition
before being exposed to hunters. Also, age ×
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body mass was important even after accounting
for capture date, suggesting that HY pintails may
be less adept than AHY pintails at finding or com-
peting for resources. Further, the direct relation
we observed between capture date and survival,
even after accounting for age and body mass dif-
ferences, suggests that early arrival in a region
may allow pintails to acquire local information
(e.g., sanctuary and hunter locations) that
improves their chance of survival. Cox et al.
(1998) found no relationship between survival
and fall body condition for either HY or AHY
female pintails and theorized fall body condition
may not adequately reflect later status. However,
pintails that Cox et al. (1998) studied fed primar-
ily in rice fields which may allow for more rapid
improvement in body condition. 

Nonhunting Mortality
Nonhunting mortality of female pintails that we

observed was similar to other reports in Califor-
nia. Avian predators killed 1.7% of the pintails we
radiotagged, similar to 2.1%–3.6% loss to preda-
tors in other central California areas (Miller et al.
1993, 1995). We agree with Miller et al. (1995),
who theorized that depredation was highest dur-
ing Prehunt because of increasing pintail abun-
dance on limited wetlands. Avian cholera,
unknown in California until 1944 but with almost
annual winter epizootics since (Botzler 1991),
killed 1% (1.4% if unspecified disease losses were
cholera) of the female pintails we radiotagged.
This level of disease mortality was identical to
female pintails radiotagged in SACV (Miller et al.
1995) and Suisun Marsh (Miller et al. 1993). Esti-
mates of avian cholera losses calculated by
extrapolating numbers of carcasses picked up,
ranged from 0.2% to 2.0% of the wintering duck
population in California (see Botzler 1991) and
4.5% for midcontinent mallards (Samuel 1992).

Are Our Survival Estimates Representative
of Central California?

Our estimates of survival are representative of
most female pintails that started winter in SJV,
but because most pintails wintering in central
California do not start winter in SJV and survival
varies among central California regions, our esti-
mates do not represent average pintail survival in
central California. We radiotagged pintails in SJV
during the period that most arrived there (Pacif-
ic Flyway Waterfowl Reports and USFWS, Port-
land, Oregon, USA, unpublished data). Pintail
abundance in other central California areas

peaks later than in SJV (Dec vs. Oct–Nov; Pacific
Flyway Waterfowl Reports and USFWS, Portland,
Oregon, USA, unpublished data) and pintails we
radiotagged moved to other central California
areas throughout September–December (Fleskes
2002). Thus, our sample does provide a valid
measure of relative odds of survival in the 2 cen-
tral California regions (i.e., –21.3% [–40.3% to
3.7%] lower in SJV than other central California
areas). However, <32% of the pintails in central
California during early winter were in SJV (Pacif-
ic Flyway Waterfowl Reports and USFWS, Port-
land, Oregon, USA, unpublished data), so our
estimate of early-winter and overall survival for
central California is overweighted for SJV pin-
tails. Survival of pintails starting winter in Suisun
Marsh (M. R. Miller, U.S. Geological Survey, per-
sonal communication) was similar, but survival of
pintails starting winter in SACV was higher
(Miller et al. 1995) than in SJV. Thus, early-winter
survival for an average female pintail in central
California probably was higher than what we esti-
mated. Average pintail survival in central Califor-
nia could be estimated by weighting survival esti-
mates for pintails starting winter in each region
by the portion of central California pintails pre-
sent there at the start of winter. However,
although survival of the many pintails that
migrate directly from northern areas to SACV
during October–December is probably similar to
SJV pintails that moved there during the same
period, actual rates are unknown.

Most data indicate that female northern pintail
winter survival rates based on our radiotagged
sample are not severely biased. Calculations
dividing mean annual survival estimates by our
winter survival estimates produce biologically rea-
sonable estimates of female pintail survival dur-
ing the nonwintering period (1 Apr–29 Aug). For
instance, a mean spring–summer survival esti-
mate of 0.80 for both HY (range = 0.63 to 0.98)
and AHY (range = 0.67 to 0.86) female pintails
results from using annual survival estimates from
1950 to 1961 preseason banding in the SJV (Rie-
necker 1987b), 1970–1990 preseason banding in
northern Alberta–Northwest Territories, south-
western Alberta, southwestern Saskatchewan,
northern California, High Plains and Missouri
River Basin (i.e., unweighted mean of breeding
areas 2, 3, 4, 10, 12, and 13; F. A. Johnson, USFWS,
personal communication), 1952–1956 postseason
banding in the SJV (Rienecker 1987b), and
1957–1978 postseason banding in central Califor-
nia (Hestbeck 1993a). Our estimate is similar to
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the spring–summer survival estimate of 0.75 for
AHY female pintails wintering in the SACV
(Miller et al. 1995). Other estimates of
spring–summer survival for female pintails are
lacking (Carlson et al. 1993), but most for female
mallards are similar to our estimates for pintails
and also range widely (0.574 to 0.914; Johnson
and Sargeant 1977, Cowardin et al. 1985, Kirby
and Cowardin 1986, Reynolds et al. 1995).
Although body mass dynamics (Miller 1986) of
some pintails may have been altered by radiotag-
ging (Fleskes 1999), the flight and social status of
radiotagged pintails appeared normal (Fleskes
1999). Further, the regional differences in sur-
vival we observed are consistent with banding
data (Rienecker 1987b).

MANAGEMENT IMPLICATIONS
The decline in abundance of pintails wintering

in the SJV is obviously related to poor habitat con-
ditions compared with other wintering areas in the
Central Valley. About 90% of the estimated 4 to 5
million acres of wetlands originally present in the
Central Valley have been lost (USFWS 1978,
Gilmer et al. 1982). This loss has been especially
detrimental to waterfowl in SJV, where wetlands
primarily have been converted into cotton fields
or other crops that have little value to waterfowl.
In contrast, rice and corn fields that have replaced
many SACV and Delta wetlands are heavily used by
waterfowl (Miller et al. 1993, 1995; Elphick 1998).
Recent water-conserving preirrigation practices in
the Tulare Basin have further lowered the value of
SJV agricultural lands to waterfowl (Houghten et
al. 1985, Barnum and Euliss 1991), and agricultur-
al drain water contaminated with trace elements
and heavy metals (e.g., selenium) has degraded
some SJV wetlands (Ohlendorf et al. 1986, Bar-
num and Gilmer 1988). The loss and degradation
of SJV habitat coupled with high harvest rates
appear to have altered pintail distribution
(Fleskes 2002) and reduced winter survival below
that of pintails elsewhere in the Central Valley.

Female pintails exhibit high wintering fidelity
to central California (Hestbeck 1993a) and SJV
(e.g., 36% of indirect recoveries from pintails
banded preseason and 50% of indirect recoveries
from pintails banded postseason in SJV were from
SJV; Rienecker 1987a). Thus, habitat improve-
ments in SJV that increase the carrying capacity
and winter survival of pintails would likely in-
crease SJV pintail populations. Pintail survival
would likely be enhanced by increasing the
amount of flooded agricultural lands in the SJV

to disperse wintering birds and provide refuge
from hunting pressure.

Pintail survival was higher in the SACV land-
scape that included an abundance of winter-
flooded rice fields than in the cotton–agriculture
SJV landscape. The main differences between
these regions is the amount of agricultural habi-
tat and refuge available to pintails. Both could be
increased by providing incentives to flood rice
and other SJV grain fields currently being left
dry. Some of these fields could be left unhunted,
with long-term easements provided to maintain
the benefit. Conversely, recent expansion of cot-
ton agriculture into SACV will likely be detri-
mental to pintails if it reduces rice agriculture. 

Adequate early-winter habitat is important to
improve survival of female pintails in the SJV,
especially for HY birds in drought years. Early-
winter survival improved during this study along
with early-winter habitat conditions in the Grass-
land EA (where most of the pintails we radio-
tagged resided). Hatch-year female pintails in
poor condition were especially vulnerable to
hunting. Poor condition of HY females and high
early-season mortality occurred during a year
when drought delayed nesting on the breeding
grounds (USFWS and CWS 1991) and delayed
and reduced water deliveries on the wintering
grounds (Grassland Water District, Los Banos,
California, unpublished data). This implies that
if pintail production is delayed or drought condi-
tions prevail on the breeding or wintering
grounds, special efforts should be made to im-
prove habitat conditions during August–October
to promote weight gain of HY pintails. Delaying
the opening date of hunting also may reduce
hunting mortality by allowing more time for birds
to improve their condition, but not if poor habi-
tat conditions prevent weight gain.

Our finding of a stronger relationship between
fall body condition and harvest vulnerability of
HY than AHY pintails should be considered if age
ratios of harvested pintails are used as indices of
recruitment. If relative vulnerability of AHY and
HY pintails to harvest is assumed to be constant
among years, our finding indicates recruitment
indices based upon harvest age ratios would over-
state production in years that HY pintails arrive in
poor body condition on wintering areas (e.g.,
drought years and years of late production) and
understate production when HY pintails arrive in
good condition on wintering areas.

The SJV once provided a vast area of prime win-
tering habitat for pintails ( Johnson et al. 1993)
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and still represents about half the wintering
range of pintails in California. Pintails are highly
mobile, and a significant proportion of the pop-
ulation could be exposed to hazardous elements
(e.g., selenium; Ohlendorf et al. 1986) if the
quality of SJV habitats is not maintained. Restric-
tion of range could increase crowding and prob-
ability of catastrophic disease losses. Thus,
although pintail survival is lower in the SJV than
SACV, continued management of the entire cen-
tral California wintering range is important to
maintain a healthy pintail population.
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