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Abstract. We determined brood and duckling survival from 57 radio-marked Northern 
Pintail (Anus acuta) females in southern Alberta during 1994-1996, and related duckling 
survival to maternal and environmental attributes. Annual brood survival estimates ranged 
from 72.2% to 88.2%. Brood survival declined with hatch date in all years. Duckling sur- 
vival was highest in 1994 at 65.2%, but fell to 42.4% and 43.8% in 1995 and 1996, re- 
spectively. Duckling mortality was highest during the first 10 days post-hatch in all years. 
Duckling survival did not vary with female age, or distance from nest to nearest wetland, 
but did decline throughout the breeding season. Duckling survival was higher for ducklings 
from larger broods in 1994, but the opposite trend was found in 1995 and 1996. 
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INTRODUCTION 

Considerable attention has focused on nesting 

success of ducks, but much less is known about 
processes affecting brood-rearing and recruit- 
ment (Rotella and Ratti 1992b). Implicit in many 
studies is the assumption that nesting success is 
an appropriate measure of reproductive success 
(Greenwood et al. 1987), but recent evidence re- 
veals much variation in post-hatch survival of 
ducks (see Grand and Flint 1996 for review). 
Thus, further work is needed to evaluate sources 
of variation in duckling survival and to more 
adequately assess individual reproductive per- 
formance. Here, we address this deficiency by 
looking at brood-rearing success of individually- 
marked female Northern Pintails (Anus acutu; 

hereafter pintail), and relating duckling survival 
to maternal and environmental attributes. 

Unpredictable habitat conditions or severe 
weather events (occurring when ducklings are 
young) may induce substantial annual variation 
in duckling survival (Makepeace and Patterson 
1980, Mendenhall and Milne 1985, Rotella and 
Ratti 1992b). Survival often declines with hatch- 
ing date (Dow and Fredga 1984, Rotella and 
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Ratti 1992b, Dzus and Clark 1998), a pattern 
which may arise because of seasonal deteriora- 
tion in food resources, loss of wetlands, or lower 
maternal investment in brood care (Sedinger and 
Raveling 1986, Rotella and Ratti 1992b), creat- 
ing directional selection for early nesting. On the 
other hand, earlier nesting may be counterbal- 
anced by lower survival in the earliest-hatched 
broods, producing stabilizing selection on nest- 
ing date (Rohwer 1992) a hypothesis which is 
rarely examined. In some species, older parents 
are better able to raise offspring, but age-specific 
analyses are limited in ducks (Hepp and Ken- 
namer 1993, Blums et al. 1997). Although evi- 
dence is limited, poorer survival of young in 
larger than average broods has been found for 
several waterfowl species (Leblanc 1987, Rock- 
well et al. 1987, Dzus and Clark 1997a). Finally, 
some studies report a negative correlation be- 
tween distance traveled overland and duckling 
survival (Ball et al. 1975, Rotella and Ratti 
1992a), whereas others do not (Talent et al. 
1983, Dzus and Clark 1997b). Thus, with re- 
spect to purported factors affecting duckling sur- 
vival, there has been limited investigation and, 
in some cases, conflicting results have been ob- 
tained. 

Therefore, our overall objective was to re- 
evaluate hypothesized sources of variation in 
duckling survival. Specifically, we tested wheth- 
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er survival varied annually and related this to 
wetland conditions. We also looked for a sea- 
sonal decline in survival, assessed whether sur- 
vival might be related to female age or initial 
brood size, and then checked for a negative as- 
sociation between distances moved and survival. 

METHODS 

STUDY AREA 

Work was conducted on the Kitsim Ducks Un- 
limited Project land (hereafter Kitsim) located 
near Brooks, Alberta, Canada (50”30’N, 
112”3’W). Kitsim was constructed during 1980- 
1983, encompasses approximately 40 km*, and 
contains a main reservoir and 65 managed wet- 
land basins. Basins range in size from 0.5 to 24 
ha with some containing small nesting islands 
measuring 40 x 18 m (Giroux 1981). Water in 
most basins was less than 1 m deep, except for 
l-2 m deep moats around islands. Basins are 
interconnected through a canal system that al- 
lows irrigation water to flow into them through 
the main reservoir. Depending on water avail- 
ability, the basins are usually reflooded in mid- 
spring and late fall, and some become dry by 
mid-summer. Upland habitat consisted of mixed- 
grass prairie, of the needlegrass (St&a)-grama 
(Bouteloua) association (Coupland 1961), which 
was subject to seasonal grazing by cattle. Dis- 
persed clumps of prickly pear (Opuntiu poly- 
acanthu), ball cactus (Mumilluria vivipuru), and 
silver sagebush (Artemisiu cunu) were obvious 
vegetation components. Emergent wetland veg- 
etation is primarily cattail (Typhu Zutifoliu) and 
spikerush (Eleochuris pulustris). Extensive oil 
development, consisting of existing well sites 
and active drilling, occurs throughout the eastern 
half of the Kitsim project. 

TRAPPING AND RADIO-TRACKING 

Pre-laying, female pintails were trapped during 
April using decoy traps (Sharp and Lokemoen 
1987). Traps were set in wetlands where pintail 
pairs were frequently seen, but we did not place 
traps on wetlands with large flocks of birds to 
avoid capturing migrants. To meet sample size 
targets for brood-rearing females (20 broods per 
year), we also trapped females on nests. Nests 
were located using an 80-m chain dragged be- 
tween two all-terrain vehicles (Klett et al. 1986). 
Nesting females were then trapped late in incu- 
bation using mist nets (Bacon and Evrard 1990), 
drop-door traps (Weller 1957), or walk-in traps 

(Dietz et al. 1994). Mass (nearest 10 g, mea- 
sured with a Pesola spring scale), wing chord 
length (nearest 1 mm, measured with a ruler), 
and combined length of the head and bill (here- 
after head-bill length; nearest 0.1 mm, measured 
with dial calipers) were obtained for all females. 
The fifth secondary covert was collected, and a 
visual inspection of the middle secondary co- 
verts (1995 and 1996 only) was used to classify 
females as second year (SY) or after second year 
(ASY), following Duncan (1985). We likely 
misclassified the age of some females (Esler and 
Grand 1994). Given that misclassification was 
likely random, this error would reduce test pow- 
er and not false conclusions. Females were given 
a standard leg band, nasal tags (Lokemoen and 
Sharp 1985), and equipped with an 8-g anchored 
backpack radio transmitter (Advanced Telemetry 
Systems, Isanti, Minnesota) attached with a sub- 
cutaneous stainless-steel wire (anchor), glue, 
and three subcutaneous sutures (Mauser and Jar- 
vis 1991). The procedure was performed under 
local anesthetic, and was approved by the Uni- 
versity of Saskatchewan Animal Care Commit- 
tee on behalf of the Canadian Council of Animal 
Care. Before being placed back on the nest, nest- 
trapped females were anesthetized using me- 
thoxyflurane to reduce capture-induced aban- 
donment (Rotella and Ratti 1990). 

Radio-tagged females captured in decoy traps 
were located twice daily between 07:OO and 13: 
00, from the morning following marking until 
late July. Locations were determined by trian- 
gulating from two positions using a vehicle- 
mounted null-array antennae system (4- or 5-el- 
ement Yagi antennas; Kenward 1987). If a fe- 
male’s position was triangulated to the same up- 
land location for five consecutive mornings, the 
area was visited using a hand-held receiving an- 
tenna to determine if the female was in nesting 
cover (i.e., rather than on a nearby wetland). If 
the female was in cover, she was flushed and the 
nest, if present, located. When a female’s nest 
was found, she was located daily via telemetry 
to verify her presence at the nest. After “com- 
pleted” clutch size was determined, the nest was 
not revisited while the female was present. 

Nesting females (decoy trapped and nest 
trapped) were monitored daily using telemetry 
to determine whether the female had left the 
nest. If a female was absent from her nest for 
two consecutive telemetry locations (approxi- 
mately 3 hr), we visited the nest to determine 
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nest fate. If the eggs hatched, we determined ini- 
tial brood size by subtracting the number of eggs 
that did not hatch from the last recorded clutch 
size. Broods were tracked daily and brood 
counts were attempted every 7 days until duck- 
lings were 30 days old. If the observer was un- 
certain that all ducklings had been seen, counts 
were omitted. We assumed all ducklings were 
dead if, on two consecutive visits (l-2 days 
apart), the female was seen either with no duck- 
lings or in an adult flock. 

Distances from nest to nearest wetland were 
measured from air photographs, unless distance 
estimates were recorded on the original nest map 
(typically for nests located < 50 m from wet- 
lands). All measurements were recorded as 
straight line distances. Nests located on islands 
were assigned a distance of 10 m. 

STATISTICAL ANALYSES 

We tested whether brood size at hatch varied 
annually or with hatch date using analysis of co- 
variance (ANCOVA; PROC GLM; SAS Insti- 
tute 1990). We defined brood survival as the 
proportion of broods with at least one duckling 
surviving to 30 days post-hatch. Variance was 
determined from a binomial distribution (SPSS 
1993). Duckling survival was the proportion of 
hatched ducklings that survived 30 days. Duck- 
ling survival was estimated using a modification 
of the Mayfield method (Flint et al. 1995a). One 
of the assumptions of the Mayfield method is 
that survival is constant through the period of 
observation. Ducklings often experience high 
mortality early in brood rearing and inspection 
of survival curves from this study suggested that 
most pintail duckling mortality occurred prior to 
7 days post-hatch. Therefore, we estimated daily 
survival rates for ducklings < 8 days of age and 
ducklings 8 to 30 days old. The 30-day survival 
estimate was the product of the survival esti- 
mates for the two periods (Johnson 1979). To 
address the problem of non-independence of 
brood mates, variance of the duckling survival 
rate was based on results for cluster sampling 
with individual broods treated as clusters (Flint 
et al. 1995a). Variation associated with this sur- 
vival estimate was calculated following Good- 
man (1960) and DeMaso et al. (1997). A chi- 
square test for independent survival rates was 
used to compare daily survival rates among 
years (program CONTRAST: Sauer and Wil- 
liams 1989). Variation in daily survival rate with 

duckling age was determined using conditional 
probabilities of mortality and exposure (Klett 
and Johnson 1982), where conditional probabil- 
ity of an observed change was calculated using 
methods in Grand and Flint (1996). The product 
of individual daily survival rates produced an 
estimate of the survival function and cumulative 
estimates of duckling survival (Klett and John- 
son 1982, Flint et al. 1995b). 

To correct for date effects on initial brood size 
at hatch, we used the residuals derived by re- 
gressing brood size at hatch against hatching 
date. Residuals rather than initial brood size 
were then used in all subsequent analyses. To 
examine inter-brood variability in survival, a 
duckling survival estimate also was calculated 
on a per brood basis (above). Distance from nest 
to nearest wetland was log transformed to im- 
prove normality. 

Logistic regression (PROC LOGISTIC; SAS 
Institute 1990) was used to evaluate brood sur- 
vival (at least one duckling survived versus 
none) in relation to the following six attributes: 
(1) year, (2) female age (SY vs. ASY), (3) hatch 
date, (4) hatch date squared, (5) distance from 
nest to nearest wetland, and (6) brood size at 
hatch (residuals). Variables 1 and 2 were cate- 
gorical, the remaining were continuous. We lim- 
ited analyses, a priori, to two-way interactions, 
and further limited interactions to those involv- 
ing main effects and covariates. We used the 
Akaike Information Criterion (AIC) (Akaike 
1985, Burnham and Anderson 1992) with the 
small-sample bias adjustment (AIC, = AIC + 
[(2p(p + l))/(n - p - l)]) (Hurvich and Tsai 
1995) to choose the models that best fit the data. 
We started with a set of 25 candidate models and 
selected the model or family of models with the 
lowest AIC score(s) as the best model(s). If two 
or more models had similar AIC values, we 
chose the model with the fewest parameters, 
based on the principal of parsimony. 

Analysis of covariance was performed to 
evaluate sources of variation in duckling surviv- 
al rate (per brood), using the same explanatory 
variables. For this analysis, we used the same 
model selection criteria used in the brood sur- 
vival analysis based on a set of 44 candidate 
models. AIC scores were derived from sum of 
squares error (SSE) using the formula 
(n)[ln(SSE/n)]+2p (SAS Institute 1990), where 
n is the sample size and p is the number of mod- 
el parameters, including the intercept. AIC, 
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TABLE 1. Method of capture and age ratio of brood hens, average (5 SE) brood sizes at hatch, and hatch 
dates of Northern Pintails at Kitsim, Alberta, 1994-1996. 

Year 

1994 
1995 
1996 
Total 

Method of capture Hatch dates 

decoy “& total SY:ASY Brood size first last medium 

2 15 17 5:ll” 7.0 c 0.5 11 May 30 June 9 June 
5 13 18 7:ll 5.9 + 0.4 23 May 30 June 10 June 
3 19 22 4:18 7.1 + 0.4 20 May 25 June 6 June 

10 47 57 16:40 6.7 5 0.2 11 May 30 June 11 June 

a One female could not be aged. 

scores were then calculated. Unless stated oth- 
erwise, we report least squares means and stan- 
dard errors derived from ANCOVA when com- 
paring groups. 

All results are reported as mean ? SE, and 
we used P < 0.05 as our level of accepted sig- 
nificance. 

RESULTS 

We trapped and radio-tagged a total of 65 fe- 
males. Because few decoy-trapped females nest- 
ed successfully, the majority of our sample con- 
sisted of nest-trapped females. We excluded 
eight females where brood counts were not ob- 
tained, three females that lost transmitters, and 
two that experienced nest destruction prior to 
hatch. We obtained data from 57 brood-rearing 
females that successfully hatched 383 ducklings 
(Table 1). Yearlings (SY) comprised 31, 38, and 
18% of the sample in 1994, 1995, and 1996, 
respectively, but this variation was not signifi- 
cant (x2* = 2.2, P > 0.3). Initial brood sizes at 
hatch did not vary among years (ANCOVA, F2,55 

= 2.2, P > 0.1) but did decrease with hatch 
date (F,,,, = 13.00, P < 0.001, Fig. 1). Hatch 
dates spanned 50, 38, and 36 days in 1994, 
1995, and 1996, respectively, but did not differ 
among years (Kruskal-Wallis test, x2* = 0.5, P 
> 0.7). Distance from nest to nearest wetland 
varied from < 10 m to 1,500 m, but 72% of all 
nests were located 5 100 m from wetlands, with 
no differences among years (Kruskal-Wallis test, 
x2* = 1.1, P > 0.5). 

Brood survival did not vary among years (x2* 
= 1.4, P > 0.4), at 0.88 t 0.08, 0.72 t 0.11, 
and 0.82 + 0.08 for 1994, 1995, and 1996, re- 
spectively. The model with the lowest AIC, 
score (Table 2; AIC, = 54.0) indicated that 
brood survival declined with hatch date; suc- 
cessful broods hatched about 10 days earlier 
than unsuccessful broods (mean hatch dates: 
June 5 ? 12 days vs. June 15 ? 12 days). 

Although duckling survival to 30 days ap- 
peared to vary annually (1994: 0.65 [CI 0.29- 
1.001, 1995: 0.42 [CI O.ll-l.OO], 1996: 0.44 [CI 
0.12-l.OO]), being substantially greater in 1994, 

4 

130 140 150 160 170 180 190 

HATCH DATE 

FIGURE 1. Initial brood sizes by hatching date for Northern Pintails at Kitsim, Alberta, 1994-1996. Days 
since 1 January: day 130 is 9 May and day 180 is 28 June. 
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TABLE 2. Akaike Information Criterion (AIC,) values, 
adjusted for small sample size, for representative models 
of 30-day survival of Northern Pintail broods near Brooks, 
Alberta, 1994-1996. Analyses were based on logistic re- 
gressions. 

Model NP” AIC,” 

Hatch date 2 54.0 
Distance to wetland 2 58.6 
Age 2 59.7 
Initial brood size 2 59.1 
Year 2 60.0 
Hatch date, hatch date squared 3 54.8 
Hatch date, distance to wetland 3 54.8 

a Number of parameters m model. 
h Model with the lowest AIC value is optimal and Indicated by bold-faced 

type 

there was no difference among years (Program 
Contrast; x2* = 0.5, P > 0.7). Daily survival rate 
did not differ among years in either the 5 7- 
day-old age category (x2* = 5.0, P > 0.08) or 
the 8-30-day-old age group (x2* = 0.5, P > 0.7). 
However, daily survival rate was higher for old- 
er (8-30 days) (x2, = 20.2, P < 0.001) than 
younger (< g-day-old) ducklings. Duckling 
mortality was greatest during the first 7 days 
post-hatch in all years (Fig. 2), estimated as 60, 
76, and 76% of all losses during 1994, 1995, 
and 1996, respectively. 

The model best describing duckling survival 
included hatch date, year, initial brood size, and 
an interaction between initial brood size and 
year (Table 3, AIC, = -132.2). Although the 

1 

model which included distance to wetland had a 
similar AIC value (- 132.3), we chose the sim- 
pler model (i.e., fewer parameters) based on the 
principal of parsimony. Ducklings which 
hatched earlier in the season had better survival 
than those hatched later (Fig. 3). Closer exami- 
nation of the interaction between initial brood 
size and year revealed that duckling survival 
tended to be higher for larger initial broods in 
1994 but lower in 1995 and 1996 (Fig. 4). 

DISCUSSION 

BROOD AND DUCKLING SURVIVAL 

Our 1994 duckling survival estimate (65%) for 
pintails is one of the highest reported for water- 
fowl, but, in 1995 and 1996, survival fell more 
than 20% to values often reported for Mallards 
(Anus platyrhynchos) (Rotella and Ratti 1992b, 
Mauser et al. 1994). Nonetheless, pintail brood 
and duckling survival estimates for Kitsim were 
much greater than those recently reported for 
pintails in Alaska (3.3 to 14.5%; Grand and Flint 
1996). These findings indicate that there may be 
substantial temporal and spatial/geographic var- 
iation in survival. 

We speculate that water conditions are at least 
partially responsible for the tendency for higher 
duckling survival in 1994. In 1994, water from 
the main reservoir was diverted into wetlands 
during late April, resulting in relatively stable 
and high wetland water levels throughout most 
of the brood-rearing period. This additional wa- 
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DUCKLING AGE (DAYS) 

Proportion of Northern Pintail ducklings surviving by age at Kitsim, Alberta, 1994-1996. FIGURE 2. 
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TABLE 3. Akaike Information Criterion (AIC,) values, adjusted for small sample size, for a confidence set of 
models of 30-day survival of Northern Pintail ducklings near Brooks, Alberta, 1994-1996. 

Model NP” Al@ 

Year, init. brood size, hatch date 
Year, init. brood size, dist. wetland, hatch date 
Year, init. brood size, hatch date, hatch date squared 
Year, init brood size, hatch date, hatch date squared, dist. wetland 
Year, init. brood size, hatch date, init. brood*year 
Year, init. brood, hatch date, hatch date squared, init. brood*year 
Year, init. brood size, hatch date, dist. wetl., init. brood*year 

a Number of parameters m model. 

5 - 130.5 
6 -130.1 
6 -128.8 
7 - 129.3 
7 - 132.2 
8 -131.0 
8 - 132.3 

h Akaike information critena were used to evaluate models; the model wth the lowest AIC value is optimal and Indicated by bold-faced type. 

- 

ter, along with favorable precipitation that sum- 
mer (May/June rainfall; 1994 = 141 mm, 1995 
= 89 mm, 1996 = 80 mm; K. Guyn, unpubl. 
data), kept most wetlands full. Conversely, in 
1995 and 1996, many wetlands were drawn 
down, resulting in several completely dry ba- 
sins. For example, in 1996, 68% of wetlands in 
the eastern half of the main study area were ei- 
ther dry or very shallow (i.e., wide mud flats) 
by early July (K. Guyn, unpubl. data). Finally, 
Mauser et al. (1994) studied Mallard duckling 
survival on managed wetlands in California and 
found that duckling survival was reduced in a 
year when water was removed from seasonal 
wetlands prior to peak hatch. In two other years 
when seasonal 
throughout most 

wetlands contained water 
of the brood-rearing season, 

survival was higher. Our study and that of Mau- 
ser et al., further illustrate that duckling survival 
varies with wetland conditions. 

FACTORS RELATED TO SURVIVAL 

We found that pintail brood and duckling sur- 
vival decreased with hatching date. In birds, 
young hatched early in the season often have 
higher survival to fledging than late hatched off- 
spring (Dow and Fredga 1984, Cooke et al. 
1995). In waterfowl, several studies report great- 
er survival to independence for ducklings hatch- 
ing earlier in the season (Rotella and Ratti 
1992b, Grand and Flint 1996, Dzus and Clark 
1998), although this pattern is not consistent 
(Dawson and Clark 1996). 

Several hypotheses have been proposed to ex- 

130 140 150 160 170 180 190 

HATCH DATE 

FIGURE 3. Northern Pintail duckling survival, 1994-1996, by hatching date at Kitsim, Alberta. Days since 1 
January: day 130 is 9 May and day 180 is 28 June. 
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FIGURE 4. Northern Pintail duckling survival in relation to initial brood size at hatch (corrcctcd for hatch 
date), 1994-1996, at Kitsim, Alberta. - 

plain a seasonal decline in duckling survival. 
Grand and Flint (1996) suggested that the late- 
season decrease in duckling survival of arctic- 
nesting pintails was related to increased preda- 
tion on ducklings, mediated by declining avail- 
ability of alternate prey. In prairie habitats, high- 
er survival of early-hatched ducklings may be 
related to seasonal declines in wetland quality, 
as indexed by abundance and depth (Rotella and 
Ratti 1992a, Dzus and Clark 1998). Although 
water levels are managed on Kitsim, by mid to 
late-June many wetlands have reduced water 
levels, occurring either naturally or due to 
planned drawdowns. Rotella and Ratti (1992b) 
found that late-hatched broods in areas of high 
wetland density also had poor survival, prompt- 
ing them to suggest that other factors such as 
reduced invertebrates or increased predator 
numbers may be responsible. Cox et al. (1998) 
reported that growth of Mallard ducklings to 17 
days was positively related to invertebrate num- 
bers. How invertebrate abundance varied sea- 
sonally in Kitsim wetlands and what potential 
impact this had on pintail duckling survival are 
unknown. Alternatively, wetlands which are 
drawn down may increase in salinity and high 
salinity concentrations have been found to be fa- 
tal to young ducklings (Mitcham and Wobeser 
1988). 

We did not find strong evidence that ducklings 
which hatched from nests closer to wetlands had 
higher survival. Several researchers have sug- 

gested that young ducklings are most vulnerable 
to mortality during overland movement (Ball et 
al. 1975). Rotella and Ratti (1992b) found that 
Mallard duckling survival was negatively cor- 
related with distance traveled. However, Talent 
et al. (1983) and Dzus and Clark (1997b) did 
not detect a relationship between distance 
moved and offspring survival. 

Duckling survival was associated with a year- 
by-brood size interaction. In 1994, duckling sur- 
vival was higher for larger initial broods. This 
trend was reversed in 1995 and 1996, and per- 
haps these patterns are related to different yearly 
habitat conditions. In 1994, flooded vegetation 
was abundant and this may have afforded pro- 
tection to large broods, whereas in 1995 and 
1996, flooded emergent vegetation was less 
available and large broods may have been more 
conspicuous to potential predators. Dzus and 
Clark (1997a) found that experimentally en- 
larged Mallard broods showed lower survival to 
30 days than did control broods, but total brood 
loss to 14 days did not differ between enlarged 
and control broods. Among successful Snow 
Goose (Chen caerulescens) broods, Cooke et al. 
(1995) found that goslings from small broods 
tended to have a higher probability of survival, 
although small broods had higher total brood 
loss than larger ones. In two of three years, we 
found evidence of a survival advantage for small 
brood sizes at hatch. Because pintails have one 
of the smallest clutch sizes of all dabbling duck 
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species, selection for small brood sizes may at 
least partially explain this trait. However, exper- 
imental manipulation of brood size is required 
to adequately test this hypothesis. 

We found that duckling survival on Kitsim 
was higher than that reported for pintails in 
Alaska and similar or higher to estimates for 
Mallards on the prairies. Early hatched young 
tended to survive better, and we did not detect 
any stabilizing selection on timing of nesting. 
Although Kitsim is a managed wetland project, 
habitat conditions influenced not only female 
success (brood survival), but duckling survival, 
as evidenced by the yearly and annual variation 
in duckling survival in relation to brood size. 
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