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ABSTRACT.--Reproductive success in birds often is measured in terms of the proportion 
of nests that hatch or fledge young. We assessed survival of 35 Mallard (Anas platyrhynchos) 
broods near Yorkton in east-central Saskatchewan, Canada, from 1990 to 1993. Brood sur- 
vival was higher for offspring that hatched early in the breeding season in three of four years 
when wetland abundance declined over the summer. Seasonal patterns of wetland abun- 
dance were reversed in 1993, and early hatching broods suffered higher mortality. A more 
accurate measure of reproductive success is the number of young that survive to breed, i.e. 
recruitment. Ducklings were tagged at Yorkton and on the St. Denis National Wildlife Area 
(1985 to 1995), enabling us to identify individuals that returned to breed in subsequent years. 
Female recruits were more likely to originate from early hatched nests at both sites. With 
respect to recruitment, we also tested for an additional advantage of hatching early, over 
and above that associated with duckling survival. There was no statistical difference in the 
seasonal distribution of nests producing recruits compared with broods that successfully 
fledged at least one young. Thus, the selective advantage to nesting early for Mallards likely 
is driven by a seasonal decline in duckling survival, which in turn may be associated with 
decreasing wetland density. Received 3 September 1996, accepted 6 August 1997. 

TIMING OF BREEDING is considered an adap- 
tive trait that evolved to maximize reproduc- 
tive output (Lack 1968). Survival of offspring 
born later in the breeding season often is lower 
than that of young born earlier in the season 
(e.g. mammals, Iason 1989, Virgl and Messier 
1997; fish, Schultz 1993). Similarly, among 
birds, young that hatch early in the breeding 
season have higher survival to independence 
than young that hatch late in the season (e.g. 
Perrins 1965, Murton and Westwood 1977, Dow 
and Fredga 1984, Newton and Marquiss 1984, 
Burger et al. 1996). Survival to fledRing or in- 
dependence often is used as an estimate of re- 
productive success; however, this measure may 
lead to improper inferences about reproductive 
fitness (Cooke et al. 1984). Reproductive suc- 
cess is best measured by the number of off- 
spring that enter the breeding population (i.e. 
recruitment; Howard 1979, Hepp et al. 1989). 
As with other measures of productivity in 
birds, survival to recruitment often is highest 
for early hatching young (Grice and Rogers 
1965, Cooke et al. 1984, Poole 1989, Hochachka 
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1990, Rohwer 1992, Harris et al. 1994; but see 
Hepp et al. 1989, Dawson and Clark 1996). Ad- 
ditional benefits to hatching early, over and 
above that documented for survival to fledR- 
ing, may be related to social dominance (Spear 
and Nur 1994) and a longer period of time to 
improve body condition and flight skills before 
migrating. Although the advantages of hatch- 
ing early in relation to survival to fledRing and 
recruitment are well documented, the question 
of an additional advantage to recruitment due 
to hatching early is largely unexplored. 

The annual cycle of the Mallard (Anas platy- 
rhynchos) has been the focus of much research, 
but the brood-rearing stage has been examined 
in detail only recently. Interrelationships be- 
tween time of season, wetland condition, and 
duckling survival have not been clearly estab- 
lished. Poor wetland conditions may have a 
negative effect on many aspects of the repro- 
ductive biology of Mallards, including pre- 
fledRing survival (Reynolds 1987, Rotella and 
Ratti 1992). Survival of young that hatch early 
typically is higher than that of late-hatched 
young (Orthmeyer and Ball 1990, Rotella and 
Ratti 1992), but recruitment into the breeding 
population relative to hatching date has not 
been determined for Mallards. 
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In this paper, we focus on two aspects of cur- 
rent reproduction, survival of offspring to 
fledging and postfledging survival to recruit- 
ment. Our objectives were to: (1) determine 
survival of ducklings from hatching to near in- 
dependence relative to hatching date and wet- 
land density, (2) evaluate recruitment in rela- 
tion to hatching date, and (3) test if there is an 
additional benefit to hatching early (over and 
above any advantage associated with seasonal 
variation in duckling survival). Because natal 
and breeding philopatry in Mallards are 
strongly biased toward females (Greenwood 
1980, Rohwer and Anderson 1988), we focus on 
recruitment of females only. 

METHODS 

Study areas.--Work was conducted on two sites in 
Saskatchewan, Canada. Brood ecology was studied 
from 1990 to 1993 40 km west of Yorkton in east-cen- 

tral Saskatchewan (51ø12'N, 103ø07'W). The Yorkton 
study area consisted of five managed nesting areas 
(63 ha each). The area is characterized by gently un- 
dulating topography interspersed with aspen (Pop- 
ulus tremuloides) bluffs and has a moderate wetland 
density (range in mid-May, 27 to 49 per km2). Re- 
cruitment was examined from 1990 to 1993 at York- 

ton and from 1985 to 1996 on the St. Denis National 

Wildlife Area (SDNWA; 52ø20'N, 106ø10'W) located 
40 km east of Saskatoon, Saskatchewan, and 270 km 
northwest of the Yorkton site. The SDNWA is a 385- 

ha contiguous block of land that is managed pri- 
marily for nesting ducks and has been described by 
Sugden and Beyersbergen (1985), Clark et al. (1991), 
and Woo et al. (1993). Both sites lie within the Prairie 
Pothole Region, and the predominant land uses sur- 
rounding the managed nesting areas are agricultural 
cereal and oilseed production. 

Data collection.--Mallard nests were found by 
searching on foot or using cable-chain drags pulled 
between two all-terrain vehicles (Klett et al. 1986). 
Nests (defined as a depression with ->1 egg) were 
visited every 7 to 10 days, and stage of incubation 
was determined by candling the eggs (Weller 1956). 
The proportion of duck nests where at least one egg 
hatched (i.e. nesting success) is very low in the Prai- 
rie Pothole Region (Greenwood et al. 1995). Hence, 
we elevated nesting success by protecting nests with 
fences to deter predators (Sargeant et al. 1974, 
Greenwood et al. 1990). Mallard nests on the Yorkton 
study area that were not located in one of two 16-ha 
predator-exclosure fences (see Trottier et al. 1994) 
were surrounded by wire-mesh fences if they sur- 
vived to late egg laying or early incubation (Sargeant 
et al. 1974). Females were captured at about day 20 
of incubation using hand-carried mist nests (Bacon 

and Evrard 1990) or automatic walk-in nest traps 
(Weller 1957). All females received leg bands and 
unique combinations of nylon nasal markers (Loke- 
moen and Sharp 1985). 

Females used in the brood ecology study also re- 
ceived radio transmitters. Twenty-four females in 
1990, nine in 1991, and one in 1992 received a 22-g 
harness-style transmitter (28 x 18 x 8 mm; model 
CHP2H, Telonics Inc.) using a crisscross modifica- 
tion (Smith and Gilbert 1981) of the traditional 
Dwyer (1972) harness. The remaining brood-rearing 
females in 1991 and 1992, and all individuals in 1993, 
had 21-g cylindrical transmitters (23 X 53 mm; mod- 
el IMP150, Telonics Inc.) implanted into their ab- 
dominal cavity (Olsen et al. 1992). Females were lo- 
cated one to four times daily using either a truck- 
mounted or hand-held receiving system. Observa- 
tions to determine brood size were conducted at least 

every seven days until the young could fly (ca. 55 
days; Bellrose 1976). Survival of ducklings to fledg- 
ing was not influenced by the type of transmitter car- 
ried by the attending female (Dzus and Clark 1996). 

To allow an evaluation of brood survival in relation 

to wetland density, we quantified wetland abun- 
dance on the Yorkton managed nesting areas during 
weekly waterfowl pair counts. Wetland characteris- 
tics such as depth and conductivity were measured 
once per year and are discussed in terms of use by 
broods in Dzus and Clark (1997a). 

Ducklings on both study areas received uniquely 
coded metal tags on the web of one foot either just 
before or just after hatching (Alliston 1975). Some ju- 
veniles were captured or recaptured later in the sea- 
son in drive traps; large ducklings were banded and 
females were fitted with a unique combination of ny- 
lon nasal tags. Recruits (i.e. those that produced their 
first eggs) were identified in years subsequent to 
hatching primarily by being recaptured on nests or 
occasionally by resighting females (n = 5) with nasal 
tags. Resighted birds probably attempted to breed 
because most were seen paired with males, and most 
female Mallards make at least one nesting attempt 
even under drought conditions (Cowardin et al. 
1995). Recruits were recaptured at Yorkton from 1991 
to 1993 and at SDNWA from 1986 to 1996. 

Statistical analysis.--Survival analysis for duck- 
lings at Yorkton was conducted on a per-brood basis 
to avoid complications with the lack of independence 
of ducklings within a brood (Rotella and Ratti 1992, 
Winterstein 1992). Most duckling mortality occurs in 
the first two weeks after hatching, and survival after 
30 days old is nearly constant (Ringelman and Long- 
core 1982, Orthmeyer and Ball 1990). Thus, to max- 
imize the sample of broods, we used survival to 30 
days as the measure of reproductive success during 
brood rearing. Brood survival was defined as one or 
more ducklings surviving to 30 days; failed broods 
lost all ducklings by 30 days. Brood size was manip- 
ulated to _+50% of control size (n = 10 young) in 1991 
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to 1993 at Yorkton as part of another study (Dzus and 
Clark 1997b). Relative to control broods (9 of 13 
broods surviving), brood survival was lower (P = 
0.04) for reduced broods (2 of 10 broods surviving) 
but was virtually identical between control and en- 
larged brood (5 of 8 broods surviving; Dzus and 
Clark 1997b). Therefore, we present brood-survival 
data only for control and enlarged broods combined. 
Because brood survival follows a binomial distribu- 

tion, we used logistic regression with maximum- 
likelihood estimates of the logit function (PROC 
CATMOD; SAS Institute 1990) to test whether year, 
hatching date, or wetland density affected brood sur- 
vival (Haramis et al. 1986, Boyce and Perrins 1987, 
Hepp et al. 1989). Broods hatching within three days 
of the weekly wetland count day were assigned a val- 
ue for wetland density that corresponded to the 
number of wetlands counted in that week. For 

broods hatching after Julian date 160 in 1990 and 168 
in 1991, wetland density was calculated based on lin- 
ear extrapolation to a minimum of 23 wetlands (the 
lowest number of wetlands that held water in the dri- 

est year). P-values are presented for individual fac- 
tors (or interactions); results are only presented if 
goodness-of-fit tests indicate the model fits the data. 

To evaluate recruitment in relation to hatching 
date, successful nests were divided into two groups: 
those that produced recruits and those that did not. 
The date of the first-hatched Mallard nest varied only 
slightly among years at Yorkton (Julian date: 160 in 
1990, 154 in 1991, 154 in 1992, and 150 in 1993). To 
control for annual differences in breeding chronol- 
ogy, hatching dates were expressed relative to the 
first-hatched nest of each year (day = 0). Hatching 
dates of successful nests were included in the anal- 

ysis only if ducklings were tagged. When siblings 
were recruited (n = 9 occurrences), hatching date 
was recorded only once. 

A bias may exist if the likelihood of detecting fe- 
male recruits varies with distance from the natal nest 

to the edge of our study area. To investigate this pos- 
sibility, we used logistic regression to evaluate re- 
cruitment in relation to date and distance (to edge of 
the SDNWA). Low sample sizes precluded an anal- 
ysis of the Yorkton data. 

Based on independent data from Yorkton and 
SDNWA, we compared the distributions of hatching 
dates for nests that produced recruits and those that 
did not using a one-tailed Kolmogorov-Smirnov (K- 
S) two-sample test (Siegel and Castellan 1988). To 
test for differences between brood survival and re- 

cruitment, we used a K-S test to compare the distri- 
bution of hatching dates for nests that produced re- 
cruits with the distribution of hatching dates for 
broods that successfully fledged -> 1 duckling. A one- 
tailed test was used based on the prediction that 
there would be a benefit to hatching early, an advan- 
tage above and beyond that associated merely with 
enhanced brood survival. 
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FIG. 1. Wetland density on managed nesting ar- 
eas near Yorkton, Saskatchewan, Canada. 

RESULTS 

Wetland conditions.--Wetland abundance on 

the Yorkton study area decreased over the sum- 
mer in three of four years (Fig. 1). The number 
of wetlands holding water when Mallard 
clutches began hatching in 1993 was the lowest 
recorded during the four-year period (Fig. 1). 
Another characteristic of 1993 was that late- 

summer rains refilled dry wetland basins, re- 
sulting in a dramatic increase in the number of 
wetlands when the clutches of late-nesting fe- 
males were hatching. Recharging of wetlands 
did not occur in the other three years on the 
Yorkton site, and this phenomenon was record- 
ed on the SDNWA in only 2 of 30 years (J. B. 
Millar pers. comm.). 

Effect of hatching date and wetland density on 
brood survival.--We positively identified fate at 
30 days after hatching for 35 broods at Yorkton 
from 1990 to 1993. In a model containing year 
and hatching date as independent variables, the 
interaction of year x hatching date was signif- 
icant when all years were included in the anal- 
ysis (logistic regression, X 2 = 5.93, P = 0.05). 
Although our sample is small, an examination 
of the distribution of brood loss in relation to 

hatching date revealed that more brood loss oc- 
curred early in 1993, and young in two broods 
that hatched late in the season survived to 30 

days (Fig. 2). Because the wetland inundation 
pattern in 1993 was opposite that of the other 
three years, we removed 1993 and reran the lo- 
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F•G. 2. Survival of Mallard broods in relation to 

relative hatching date near Yorkton, Saskatchewan, 
Canada (1990 to 1993). A significant (P = 0.05) year 
by hatching date interaction exists when all four 
years (1990 to 1993) were analyzed (1990 to 1992 
open diamonds; 1993 filled squares). Broods hatch- 
ing earlier in 1990 to 1992 had higher brood survival 
than those hatching later (P = 0.02). 

gistic regression (Fig. 2). For 28 broods ob- 
served from 1990 to 1992, those hatching early 
in the season were more likely to survive to 30 
days than those hatching late (X 2 = 5.41, P = 
0.02). 

To more fully understand the effects of wet- 
land density, date, and year on brood survival, 
we included all three variables in a logistic re- 
gression. With wetland density included in the 
model, the interaction between year and date 
was not significant (X 2 = 0.21, P = 0.9), indi- 
cating that variation in wetland density prob- 
ably accounts for much of the variation in brood 
survival. After dropping the year x date inter- 
action, and then year (X 2 = 4.26, P = 0.12) from 
the model, brood survival was negatively re- 
lated to wetland density (X 2 = 4.36, P = 0.04), 
and date was not a significant factor (X 2 = 0.66, 
P = 0.41) when 1993 was included. In years 
with more typical wetland inundation patterns 
(1990 to 1992), hatching early was more impor- 
tant (X 2 = 2.93, P = 0.09) than wetland density 
(X 2 = 0.89, P = 0.34) in terms of brood survival. 
Thus, in most years, brood survival declined 
seasonally. 

Recruitment in relation to hatching date.--A to- 
tal of 1,245 ducklings was web-tagged at or 
near hatching on SDNWA (1985 to 1995), and 

343 young received tags at Yorkton (1990 to 
1992). The proportion of successful nests at 
which young were web-tagged at SDNWA in- 
creased from 1985 to 1990, then effort remained 
relatively constant at >90%. Web-tagging effort 
was high (->83% of successful nests) in all years 
at Yorkton. Five recruits were found at Yorkton 

(three were recaptured on nests and two were 
resighted). Three of the Yorkton recruits 
hatched in 1990, and one each hatched in 1991 
and 1992. Hatching dates were available for 49 
of the 55 recruits recaptured on SDNWA from 
1986 to 1996. Nine broods produced two or 
three recruits, reducing the number of inde- 
pendent hatching dates from SDNWA to 39 (36 
were recaptured on nests and 3 were resight- 
ed). 

For 144 nests on SDNWA whose nest location 

was >10 m from the edge of the study area, and 
that produced young, there was no effect on re- 
cruitment probability due to distance from the 
natal nest to the edge of the study area (X2 = 
2.08, P = 0.15). Early hatching nests produced 
significantly more recruits in the SDNWA sam- 
ple (X 2 = 9.0, P = 0.003). 

The SDNWA and Yorkton samples did not 
differ in the distributions of successful nests 

that: (1) produced recruits (K-S test, D = 0.49, 
n• = 5, n2 = 39, P > 0.1), or (2) produced no 
recruits (D = 0.21, n• = 30, n 2 = 125, P > 0.1; 
Table 1). Thus, to use two independent data sets 
we combined the respective groups of nests 
that produced recruits and "other successful" 
nests from SDNWA and Yorkton. Overall, re- 

cruits were more likely to be produced from 
nests that hatched in the first 10 days of the 
breeding season (D = 0.23, nl = 44, n 2 = 155, P 
< 0.001; Fig. 3). 

Is there an additional advantage to hatching ear- 
/y?--To test if there is a benefit to hatching ear- 
ly (above that associated with brood survival), 
we compared the cumulative frequency distri- 
bution of hatching dates for surviving broods 
with the distribution for nests that produced 
recruits. If there is an additional advantage to 
hatching early, then the distributions would 
differ early in the nesting season, with the re- 
cruit curve increasing more quickly. Although 
the recruit distribution did increase more rap- 
idly early in the season, the maximum differ- 
ence at 6 to 10 days was not significant (D = 
0.23, tl I = 44, n2 = 19, P = 0.25; Fig. 4). 
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TABLE 1. Number of nests that produced female recruits and successful nests a for which no female recruits 
were recaptured at Yorkton (1990 to 1992) and St. Denis National Wildlife Area (SDNWA, 1985 to 1995), 
Saskatchewan. 

Relative hatching date b 

Study area 0-5 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 ->46 

Recruit-producing c 
Yorkton 1 0 0 2 0 0 2 0 0 0 
SDNWA 11 5 2 0 2 0 0 0 3 2 

Other successful nests d 

Yorkton 6 1 2 4 3 4 4 4 0 2 
SDNWA 18 12 9 12 12 5 10 8 9 15 

• Nests in which >1 egg hatched. 
b Hatching dates set relative to the first-hatched nest of the year (day = 0). 
ß Nests from which recruits were either recaptured or resighted. Hatching date is recorded only once for nests where siblings were recruited. 
d Nests from which eggs hatched but no female recruits were recaptured or resighted in subsequent years. 

DISCUSSION 

Perrins (1966) reported that recruitment de- 
clined with hatching date in Manx Shearwaters 
(Puffinus puffinus) and speculated that this pat- 
tern was widespread. This prediction has been 
verified for many species of birds (e.g. Procel- 
lariiformes [Harris et al. 1994]; Anseriformes 
[Cooke et al. 1984]; Falconiformes [Newton and 
Marquiss 1984, Poole 1989]; Galliformes 
[Zwickel 1983, Martin and Hannon 1987]; 
Charadriiformes [Spear and Nur 1994]; Passer- 
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FIC. 3. Distribution of successful Mallard nests 

(i.e. with ->1 egg hatched) in relation to relative 
hatching date (Yorkton [1990 to 1992] and SDNWA 
[1985 to 1995] combined). Nests that produced re- 
cruits hatched earlier (P = 0.01) than other success- 
ful nests that were not known to produce recruits 

iformes [Hochachka 1990]). Many of these stud- 
ies also reported a seasonal decline in survival 
of young to fledging. In contrast, Hepp et al. 
(1989) found no evidence that recruitment was 
higher for early than for late-hatched female 
Wood Ducks (Aix sponsa) in South Carolina, 
and they suggested that seasonal effects were 
more pronounced at more northern latitudes 
where the breeding season is shorter. Reasons 
underlying the widespread decline in repro- 
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FIG. 4. Cumulative frequency distribution of 
brood survival at Yorkton (1990 to 1992) and recruit- 
producing nests (combined data from Yorkton [1990 
to 1992] and SDNWA [1985 to 1995]). There is no sta- 
tistical difference in the curves in relation to relative 

hatching date (P = 0.23). 
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ductive success relative to timing of breeding 
are varied. In some species, it may be related to 
social dominance, with early hatched individ- 
uals being more dominant and realizing higher 
survival (Martin 1987). Related to the issue of 
dominance is the idea that early hatched young 
have a longer period of time to complete de- 
velopment before migrating (Cooke et al. 1984). 
In species that suffer high rates of nest preda- 
tion (e.g. Willow Ptarmigan [Lagopus lagopus] 
and Mallards), an additional advantage to nest- 
ing early may be the increased time available 
for renesting (Hannon et al. 1988). Higher sur- 
vival of early hatched ducklings also may be re- 
lated to a seasonal decline in wetland abun- 

dance and water depth, although causal rela- 
tionships remain unclear (Rotella and Ratti 
1992). A seasonal decline in food abundance or 
availability could influence survival probabili- 
ties both before and after independence from 
parental care (Perrins 1965, Sedinger and Rav- 
eling 1986). However, for many species (includ- 
ing Mallards), little is known about seasonal 
trends in prey availability. Examining the in- 
terrelationships between offspring survival, 
predators, wetland conditions, and food abun- 
dance remains one of the most important re- 
search needs to enhance our understanding of 
seasonal variation in reproductive success. 

The seasonal decline in clutch size perhaps is 
the most pervasive and consistent reproductive 
pattern found in birds (e.g. Klomp 1970, Wink- 
ler and Walters 1983). Although the pattern of 
clutch-size decline is widespread in waterfowl 
and other birds, its adaptive significance is de- 
bated (Rohwer and Eisenhauer 1989, Rohwer 
1992). A decrease in lipid or protein reserves 
may influence the seasonal decline in clutch 
size (Lack 1967, 1968, Krapu 1981, Ankney et 
al. 1991), but a seasonal decline in the proba- 
bility of survival of young to fledging and re- 
cruitment may be an important ultimate factor 
influencing clutch-size decline. Selection 
should reduce clutch size late in the breeding 
season when the probability of recruitment is 
lowest. However, clutch-size decline cannot ac- 
count for the higher probability of recruitment 
in early hatched nests. 

A variety of measures of annual reproductive 
success has been reported in the literature. Nest- 
ing success has been used as a predictor of re- 
productive success, but it can be misleading if 
survival of offspring varies with date or brood 

size (see Spear and Nur 1994). Offspring surviv- 
al to independence often is used as a measure of 
annual reproductive success (Howard 1979). 
However, survival to recruitment is a more ac- 
curate measure of success because it takes into 

account differences in survival after fledging 
(Cooke et al. 1984, Spear and Nur 1994). 

One aspect that has received less attention in 
discussions about reproductive success is 
whether there is an additional advantage to 
hatching early over and above the well-docu- 
mented seasonal decline in survival to inde- 

pendence. Some studies have shown that late- 
fledged offspring are less likely to be recruited 
to the breeding population (e.g. Newton and 
Marquiss 1984, Spear and Nur 1994). Spear and 
Nur (1994) found no significant difference in 
the effect of hatching date on survival to inde- 
pendence or recruitment probability in Western 
Gulls (Larus occidentalis). However, due to dif- 
ferences in the shapes of the survival curves, 
they reported that early hatched chicks were at 
an advantage in terms of recruitment probabil- 
ity over chicks that hatched after mid-season. 
Fledging success of early hatching chicks did 
not differ from those hatching in mid-season, 
but late-hatched chicks had significantly lower 
survival relative to those in the earlier periods 
(Spear and Nur 1994). Recruitment probability 
for Mallards in our study did not differ from 
brood survival, suggesting that the relation- 
ship with hatching date is driven by changes in 
survival of young to independence. Few studies 
have tested for additional benefits of early 
hatching that may exist beyond survival to 
fledging. Further evaluation of these relation- 
ships will enhance our understanding of the se- 
lective pressures influencing initiation of egg 
laying and the seasonal decline of clutch size. 
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