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ABS?RAC?.--We investigated the effects of body mass of incubating female Wood Ducks 
(Aix sponsa) on aspects of their current and future reproduction, and we examined factors 
that affect length of the incubation period. During three breeding seasons, body mass of 
female Wood Ducks averaged 578.0 g early and 553.3 g late in the incubation period. Body 
mass at the start of incubation was not related to either hatching success or length of the 
incubation period. In one of three years, females that were heavy at the end of incubation 
survived better to the next breeding season than those that were light. Reduced survival of 
light females in one year coincided with a greater loss of body mass in that year relative to 
other years, which indicates that incubation can be an important reproductive cost to female 
Wood Ducks. There were no relationships between body mass at the end of incubation and 
date of nesting or clutch size in the next breeding season. Partial correlations between clutch 
mass and length of incubation that controlled for date of nesting indicated a positive asso- 
ciation between clutch mass and incubation length in every year. This relationship was 
evident only for parasitic nests (i.e. nests in which more than one female was laying eggs). 
Increased length of the incubation period associated with larger clutch mass represents a 
potential cost of intraspecific nest parasitism not previously recognized. Received 26 December 
1989, accepted 17 June 1990. 

INCUBATING birds must provide the proper 
thermal environment for embryonic develop- 
ment. Simultaneously they must maintain their 
body condition so that survival and subsequent 
reproduction are not affected adversely. Time 
for feeding is restricted during incubation, 
which often makes it difficult for incubating 
individuals to meet daily metabolic costs (see 
Drent et al. 1985). Some avian species have ad- 
justed to the demands of incubation by having 
biparental incubation (Eisner 1960, Feare 1984). 
In other species, males provide incubating fe- 
males with food (Lyon and Montgomerie 1985, 
Nilsson and Smith 1988). In waterfowl (Anati- 
dae), females of large-bodied species generally 
begin incubation with large energy reserves and 
are more attentive during incubation than fe- 
males of small-bodied species, because large- 
bodied females spend less time feeding (review 
in Afton and Paulus 1990). Small anatids de- 
pend on exogenous foods to meet most meta- 
bolic demands during incubation and take two 
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to three recesses each day to forage (Afton 1980, 
Hohman 1986). 

Successful development of bird eggs occurs 
within a relatively narrow range of incubation 
temperatures (White and Kinney !974). Cooling 
of eggs increases as ambient temperature de- 
creases, and as time away from the nest by in- 
cubating individuals increases (Caldwell and 
Cornwell !975, Afton !979). Short-term de- 
clines in egg temperature, however, apparently 
have little effect on hatching success (Vleck !981, 
Haftorn !988). Nevertheless, a decrease in av- 
erage egg temperature may lengthen the in- 
cubation period, which exposes the nest to 
greater risk of predation and increases the en- 
ergy expended by developing embryos (Vleck 
et al. !980, Booth !987). Greater amounts of en- 
ergy used by embryos of precocial species be- 
fore hatching may decrease the size of residual 
yolk reserves that are important to newly 
hatched chicks for maintenance and growth 
(Peach and Thomas !986). 

Many species of birds modify activity pat- 
terns during incubation in response to variation 
in weather and food availability (Caldwell and 
Cornwell !975, Cartar and Montgomerie !985, 
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Drent et al. 1985). Large-bodied species are af- 
fected less by environmental factors than small- 
bodied species (Afton 1980). Flexibility of in- 
cubation patterns within and among species 
suggests there is a tradeoff between maintain- 
ing body condition during incubation and pro- 
viding eggs with a suitable environment for 
development. If time and energy constraints are 
important during incubation, then attentive- 
ness at the nest should increase as body con- 
dition or food availability increases, assuming 
that greater attentivehess shortens the incuba- 
tion period and increases hatching success 
(Martin 1987). Several studies support this idea. 
Aldrich and Raveling (1983) reported that fe- 
male Canada Geese (Branta canadensis moffitti) 
that began incubation in good condition spent 
more time on the nest and had shorter incu- 

bation periods than females in poor condition. 
In years when food was abundant, European 
Starlings (Sturnus vulgaris) spent less time feed- 
ing, and some females were able to incubate 
without assistance from their mates (Drent et 
al. 1985). Female Blue Tits (Parus caeruleus) that 
were given a food supplement during incuba- 
tion had shorter incubation periods and greater 
hatching success than females that were not 
provisioned (Nilsson and Smith 1988). 

Loss of body mass during incubation may re- 
flect the need to provide constant care for de- 
veloping embryos (Sherry et al. 1980), or it may 
enable females to reduce wingloading and to 
conserve energy during brood rearing (Freed 
1981). However, a critical body mass certainly 
exists for individuals during incubation. Below 
that threshold, birds either spend more time 
feeding (Aldrich and Raveling 1983) or they 
abandon the nest (Drent 1975, Ankney and 
Macinnes 1978, Jones 1987). Body mass of fe- 
male waterfowl during the annual cycle typi- 
cally is lowest at the end of incubation (Afton 
and Paulus 1990). Ability of individuals to bal- 
ance the conflicting demands of incubation may 
influence current and future reproductive suc- 
cess. 

Male Wood Ducks (Aix $ponsa) do not take 
part in incubation. Females are relatively small 
(610 g) at the beginning of incubation (Afton 
and Paulus 1990) and have lipid reserves suf- 
ficient to meet energy demands for only five 
days of an average 30-day incubation period 
(Drobney 1980). Females typically take two in- 
cubation recesses each day to feed (Brecken- 

ridge 1956, Bellrose 1980). They lose an average 
of 1.3 g/day during incubation, but changes in 
body mass vary greatly within and among fe- 
males (Harvey et al. 1989). Loss of body mass 
during incubation may influence the reproduc- 
tive success of Wood Ducks. Kennamer and 

Hepp (1987), for example, reported that double- 
brooded females lost a smaller proportion of 
body mass during incubation of first nests than 
females that nested only once. In this study, we 
tested the effects of body mass of incubating 
female Wood Ducks on subsequent survival and 
on aspects of their current and future repro- 
duction. We also examined factors that influ- 

ence length of the incubation period. 

METHODS 

The study was conducted from January to July, 1986- 
1989, on the U.S. Department of Energy's Savannah 
River Site (SRS) in west-central South Carolina 
(33.10øN, 81.30øW). Approximately 140 nest boxes were 
available to Wood Ducks each year, and boxes were 
checked weekly to provide information on nesting 
activity. 

Nesting data.--Checking nest boxes weekly allowed 
us to find nests during the egg-laying stage. We es- 
timated the date of nest initiation by subtracting the 
number of eggs in the nest when it was first found 
from the date that the nest box was checked (i.e. as- 
sumed laying rate of one egg per day [Bellrose 1980]). 
Female Wood Ducks frequently engage in intraspe- 
cific nest parasitism (dump or parasitic nests) where 
> 1 female deposit eggs in a nest (Clawson et al. 1979, 
Semel and Sherman 1986). We classified nests as dump 
nests if egg deposition rates exceeded one egg per day 
or if clutch sizes were >16 eggs (Morse and Wight 
1969). Nest initiation dates were estimated similarly 
for parasitic and nonparasitic nests. Dump nests oc- 
casionally contained more eggs than the elapsed time 
(days) between nest-box checks. These nests were es- 
timated to have been initiated one day after the pre- 
vious check of the nest box. 

Length and breadth of eggs were measured (nearest 
0.1 mm) with vernier calipers, and measurements were 
used to estimate fresh egg mass of each egg and clutch 
mass of every nest (Hepp et al. 1987b). 

Duration of incubation.--The incubation period was de- 
fined as the number of days between the start of in- 
cubation and hatching of eggs. Day of hatching was 
known precisely in 1986 and 1987, because we marked 
newly hatched ducklings as part of another study 
(Hepp et al. 1989). In 1988, however, hatch dates were 
known only for nests (n = 19) that were visited on 
days when the eggs were pipping. 

The day that females began incubation was esti- 
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mated in the following manner. For nonparasitic nests 
in 1986 and 1987, we assumed that females laid one 

egg per day and that incubation began on the day 
the clutch was completed (but see Arnold et aT. 1987, 
Afton and Paulus 1990). It was assumed that females 
incubating dump nests (i.e. host females) in 1986 and 
1987 laid a number of eggs similar to that of females 
of nonparasitic nests that nested at the same time. We 
also asstuned that incubation began on the day the 
host laid her final egg. Clutch size of Wood Ducks 
declines seasonally (Hepp unpubT. data), as it does in 
other species of waterfowl (see Toft et aT. 1984). There- 
fore, we regressed clutch size of normal nests with 
the date of nest initiation. Regression equations (1986: 
CLUTCH SIZE = 14.8 - 0.0399(DATE), r 2 = 0.34, P = 
0.0002; 1987: CLUTCH SIZE = 14.5 - 0.0358(DATE), 
r 2 = 0.30, P = 0.0003) were used to estimate the num- 
ber of eggs deposited in dump nests by host females. 
Clutch sizes estimated in this manner were rounded 

to the nearest integer. To check the suitability of this 
regression approach for determining first day of in- 
cubation, we applied the method to 1988 data for 
which we also had accurate candTing information (see 
below). A t-test for paired comparisons confirmed that 
the two methods were similar overall (mean differ- 
ence = 0.31 days, df = 60, P = 0.24). 

In 1988, most (75%) of the eggs in every clutch were 
candied (WeTTer 1957) in early incubation (before day 
15) to determine the stage of embryo development 
(see Hanson 1954). From this information, we com- 
puted average number of days that eggs had been 
incubated for both parasitic and nonparasitic nests. 
We substracted the average day of incubation from 
the date that the eggs were candied to estimate the 
day that incubation began. 

For analyses involving length of the incubation 
period, we tested parasitic and nonparasitic nests sep- 
arately in 1986 and 1987 because of differences in the 
way the start of incubation was estimated in those 
years. In 1988 the method for estimating the day when 
incubation began was the same for all nests. 

Body mass and the return of females.--We captured 
incubating females in nest boxes, banded them with 
USFWS leg bands, and measured body mass to the 
nearest 5 g with a 1,000-g PesoTa scale. Some females 
were captured during both early (-<day 15; œ = day 
5) and late (>day 15; œ = day 30) incubation. Most 
(88%) females were caught between 0800 and 1200 to 
minimize any diurnal variation in body mass. In 1987 
and 1988, flattened wing length (mm) from the wrist 
to the end of the longest primary was measured also. 
Females were returned to the nest box after capture. 

Body mass often is a good measure of nutrient re- 
serves (e.g. Tipids) in birds. However, adjusting body 
mass by a measure of structural size may improve this 
relationship (Johnson et aT. 1985). We calculated and 
used a condition index (body mass/wing length) in 
analyses of 1987 and 1988 data. Inferences from tests 
using either body mass or the condition index did 

not differ. We, therefore, chose to use body mass for 
simplicity. 

If body mass varies among females at the start of 
incubation, then changes in body mass expressed as 
grams per day may not assess accurately the relative 
costs of incubation. The following statistic was used 
to compare changes in body mass of incubating fe- 
males: 

(body mas%+a/body mass,) •/a, (1) 

where X is the relative change in body mass, body 
masst+a is the body mass of females during late in- 
cubation, body mass, is the body mass of females dur- 
ing early incubation, and A is the number of days 
between the two measurements of body mass. Values 
of 1.0 represent no change, <1.0 a loss, and > 1.0 a 
gain in body mass. 

Capture probabilities (p,) of females were estimated 
with the JoTTy-Seber capture-recapture model for open 
populations (Jolly 1965, Seber 1965). These estimates 
correspond to the probability that a female alive and 
in the population during breeding season i will be 
captured during that period. During the study, fi, av- 
eraged 0.89, which indicates that most females, if alive, 
returned to nest boxes and were captured (see Hepp 
et aT. 1987a, 1989). 

Analysis.--Return of breeding female Wood Ducks 
is a binary variable; a female either returns to nest 
and is recaptured, or she does not. Females were 
counted as returning if they were captured while in- 
cubating a clutch of eggs, regardless of whether the 
nest was successful. We used logistic regression anal- 
ysis to examine the relationship between body mass 
at the end of incubation and return of females to breed 

in the subsequent year (Cox 1970). A number of eco- 
logical studies recently have used this method of anal- 
ysis (see Haramis et aT. 1986, Boyce and Perrins 1987, 
Hepp et aT. 1989). 

If Oi is the probability of return for individual i, 
then the linear-logistic model provides a reasonable 
form of the relationship between Oi and female body 
mass at the end of incubation (also see Martin 1987: 
458): 

0, = exp(B0 + BlX,)/[1 + exp(B0 + B•x,)], (2) 

where Bo and B• are the model parameters, and their 
estimates and standard errors are computed using 
maximum likelihood procedures. In model M• (Equa- 
tion 2), x, is the body mass of female i at the end of 
incubation. 

We tested whether the body mass of females at the 
end of incubation influenced their return in the next 

breeding season by using a null model (Mo) that does 
not include body mass as an independent variable. 
In model M0, 0, is written: 

0, = exp(B0)/[1 + exp(B0)]. (3) 
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TABLE 1. Means (+SD) of body mass (g) and the relative change in body mass ()•) of female Wood Ducks 
during incubation. Means in each column not followed by the same letter are significantly different 
(Duncan's multiple-range test, P < 0.05); relative change in body mass ()•) equals (body mass in late 
incubation/body mass in early incubation) I/a, where A is the number of days between the two measures 
of body mass. 

Year n Early incubation Late incubation )• 
1986 31 586.6 + 47.1 A 546.1 + 45.6 A 0.9970 + 0.0022 A 
1987 64 579.0 + 43.2 A 548.0 + 43.5 A 0.9980 + 0.0020 B 
1988 57 572.9 + 43.7 A 564.5 q- 45.8 A 0.9994 q- 0.0018 C 

Weighted average 578.0 553.3 0.9983 

The null model assumes that each female has the same 

probability of return regardless of body mass at the 
end of incubation. Maximum likelihood estimates of 

B0 were calculated, and likelihood ratio tests of model 

M0 vs. M• provided a test of the hypothesized rela- 
tionship. Likelihood-ratio test statistics are distrib- 
uted as Chi-square. Test statistics were computed sep- 
arately for each year, and composite statistics were 
calculated that also are distributed as Chi-square. 

Wilcoxon rank sum tests provided another method 
to test the null hypothesis that females returning to 
nest were not heavier at the end of incubation than 

females that did not return to nest (Dietz 1985). Years 
were tested individually, and probabilities were com- 
bined to obtain a composite test (Sokal and Rohlf 
1981: 780). Composite statistics are distributed as Chi- 
square with 2n degrees of freedom. 

If body mass and return rate of females were age 
specific, then results and interpretation of these anal- 
yses might be affected. However, female age was not 
an important factor in these analyses, because annual 
return rates of yearling females were not different 
from adults (Chi-square tests, P > 0.05). These results 
agree with Nichols and Johnson (1990), who reported 
that survival rates of female Wood Ducks in the south- 

eastern United States were not age-specific. 
SAS (SAS Institute 1988) was used for statistical 

summaries and analyses. With the exception of lo- 
gistic regressions and Wilcoxon rank sum tests, we 
used data from successful (i.e. that produced at least 
one duckling) first nests only. Second-nest attempts 
and nests that were unsuccessful were excluded. We 

used initiation date of first nests and clutch size of 

nonparasitic nests to test relationships between body 
mass at the end of incubation in year i and the nest 
initiation date and clutch size in year i + 1. 

RESULTS 

Body mass dynamics.--Body mass of female 
Wood Ducks early (• = 578.0 g) and late (553.3 
g) in the incubation period did not differ among 
years (one-way ANOVAs, P > 0.05) (Table 1). 
Heavy females tended to nest earlier in the sea- 

son than light females (Table 2). The relative 
change in body mass during incubation varied 
significantly among years (F = 15.7; df = 2, 149; 
P < 0.001) and was greatest in 1986 (Table 1). 
There was a decline in body mass for most in- 
cubating females in 1986 (87.1%, n = 31) and 
1987 (81.2%, n = 64), but approximately 42% (n 
= 57) of the females in 1988 either gained body 
mass while incubating or there was no change. 

Female return and future reproduction.--In 1986 
the/• value of the logistic regression was pos- 
itive, indicating that heavy females were more 
likely to return to nest the following year than 
light females (Table 3). All tests of the relation- 
ship were marginally significant (P < 0.10) in 
1986, but none of the tests were significant in 
1987 or 1988. 

Body mass of females at the end of incubation 
was not correlated in any year with either the 
date of nest initiation (P > 0.30) or clutch size 
(P > 0.85) in the next breeding season. 

Hatching success and incubation length.--Body 
mass of females at the beginning of incubation 
was not correlated in any year with either 
hatching success (P > 0.55) or length of the 
incubation period (P > 0.15). The incubation 
period was longer in 1987 for females that nest- 
ed early, but this relationship was absent in 
other years (Table 4). With the exception of non- 
parasitic nests in 1986, simple correlation anal- 

TABLE 2. Correlations between the body mass of fe- 
male Wood Ducks during early incubation (< day 
15) and the date of nest initiation. 

Year n • P 

1986 32 -0.30 0.10 
1987 64 -0.45 0.0002 

1988 58 -0.26 0.05 

Pearson's correlation coefficient. 
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TABLE 3. Logistic regression parameter estimates and test statistics of the relationship between body mass 
of female Wood Ducks at the end of incubation and the probability of returning to nest in the next breeding 
season. 

Model M• parameter estimates M• vs. M0 Rank sum test 
Year of 

return /•0 • (/•o) /• • (l•) p X 2 df P T P 
1987 -11.44 7.49 +0.024 0.014 0.09 3.67 1 <0.10 1.8 0.08 
1988 0.54 3.16 -0.000 0.006 0.95 0.01 1 <0.90 0.4 0.68 
1989 -0.09 3.31 -0.000 0.006 1.00 0.00 1 1.00 0.2 0.85 

Means and X 2 = 6.16, 
totals -3.66 7.45 +0.008 0.014 0.50 3.68 3 <0.50 df = 6, P < 0.50 

yses showed a positive association between 
length of incubation and clutch mass in all three 
years (Table 4). Results were significant (P < 
0.05) in 1986 and 1987, and they were margin- 
ally significant (P = 0.08) in 1988. Clutch masses 
of parasitic and nonparasitic nests generally 
were larger early in the nesting season (Table 
4), and this relationship may have contributed 
to the positive association between clutch mass 
and length of incubation. After controlling for 
date of nesting, partial correlation coefficients 
indicated a significant positive association be- 
tween clutch mass and incubation length of par- 
asitic nests in 1986 and 1987 (Table 4). This re- 
lationship was marginally significant (P = 0.09) 
in 1988 and not significant (P > 0.20) for non- 
parasitic nests in 1986 and 1987 (Table 4). 

DISCUSSION 

Body mass and incubation costs.--Studies of re- 
productive costs in birds have emphasized the 
effects of brood size on survival and future re- 

production of the parents. Most research has 
been done on altricial species. In one of the few 
studies of a precocial species, Lessells (1986) 
manipulated brood size of Canada Geese (Branta 
canadensis), and demonstrated that body mass 
of females caring for large broods was lower 
during the molt period and that they molted 
later than females with small broods. Overwin- 

ter survival and clutch size in the next breeding 
season were not affected by brood size, but geese 
with larger broods nested later the next year. 
Care of precocial young after hatching gener- 
ally is not considered a major cost to parents. 
Lessells' (1986) results emphasize that costs in- 
deed are associated with rearing large broods 
in species that do not feed their young. The cost 
of parental care has been shown to increase 
with brood size in other precocial species (Wal- 

ters 1982) and may play an important role in 
determining clutch size in these species (Wink- 
let and Waiters 1983). 

In Blue Tits, where parents feed their young, 
increases in brood size resulted in greater loss 
of body mass for the adult females (Nut 1984, 
1988). Females with low body mass had lower 
probabilities of surviving to the next breeding 
season, which suggests that loss of body mass 
is costly to females (Nut 1984, 1988). Similar 
results have been reported for male Pied Fly- 
catchers (Ficedula hypoleuca) that care for large 
broods (Askenmo 1979). The basic idea is that 
parents that care for large broods have less time 
to devote to self maintenance; hence, they end 
the breeding period in poorer condition than 
parents of small broods. 

Body mass of female Wood Ducks at the end 
of incubation had no effect on their date of nest 

initiation or clutch size in the next breeding 
season. In 1986, heavy females returned at high- 
er rates than light females. There was no rela- 
tionship in 1987 and 1988 between body mass 
of females and their survival to the next breed- 

ing season. Reduced survival of light females 
in 1986 coincided with a greater loss of body 
mass in that year relative to 1987 and 1988. 
Changes in body mass vary greatly within and 
among incubating female Wood Ducks (Harvey 
et al. 1989). Some females are better at balancing 
the various costs of incubation than others. Har- 

vey et al. (1989) suggested that annual variation 
in the amount of local precipitation affected the 
availability of wetlands and influenced body- 
mass dynamics of incubating females. The pos- 
itive relationship between body mass of females 
at the end of incubation and their survival to 

the next breeding season suggests that incu- 
bation can be an important reproductive cost 
for Wood Ducks during some years. 

Female Wood Ducks that incubate clutches 
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TAI•LE 4. Correlations and partial correlations between the length of incubation, clutch mass, and date of 
nesting of female Wood Ducks. 

Nest type a 

1986 1987 1988 

P NP P NP Combined 

Association (n = 20) (n = 25) (n = 39) (n = 22) (n = 19) 

Length of incubation x clutch mass 

Length of incubation x nesting date 

Clutch mass x nesting date 

Length of incubation x clutch mass 

Correlation 

0.44 b -0.11 0.63 0.54 0.41 
0.05 c 0.59 0.0001 0.009 0.08 
0.08 -0.03 -0.52 -0.59 -0.01 
0.75 0.87 0.0007 0.004 0.98 

-0.43 -0.57 -0.35 -0.61 -0.18 
0.06 0.003 0.03 0.003 0.45 

Partial correlation a 

0.52 - 0.16 0.56 0.29 0.42 
0.02 0.45 0.0003 0.21 0.09 

' Nest type: P = parasitic; NP = nonparasitic; Combined = parasitic and nonparasitic nest types. See the Methods section for a description of 
nest types. 

b Correlation coefficient, for n -< 20 we used Spearman's correlation coefficient (r•) and for n > 20 we used Pearson's correlation coefficient (r). 
' Probability level. 
a Date of nesting is held constant. 

early in the breeding season generally are 
heavier than females that begin incubation lat- 
er. Energy reserves of early-nesting females may 
provide them with an important buffer that can 
be used when energy expenditures increase or 
the ability of females to acquire energy decreas- 
es. Females that cannot begin incubation in good 
physical condition may postpone nesting, en- 
gage in intraspecific nest parasitism, or both. 
Clawson et al. (1979), for example, reported that 
some female Wood Ducks laid eggs parasitically 
before establishing their own nests later in the 
season. This type of "mixed reproductive strat- 
egy" may depend partly on female body con- 
dition (see Lank et al. 1989). Competition for 
limited nest sites certainly contributes to nest 
parasitism in the cavity-nesting Wood Duck. 
However, reproductive success may be im- 
proved if females pursue a "mixed strategy" 
when they cannot begin incubation in good 
condition. Wood Ducks have a lengthy breed- 
ing season (e.g. 122 days in South Carolina), 
which increases the opportunity for females that 
are parasitic early in the season to initiate their 
own nests at a later time. 

Length of incubation.--Nest attentiveness dur- 
ing incubation is related positively to body mass 
within and among species of waterfowl (Afton 
and Paulus 1990). If Wood Duck response is 
similar to the response of other waterfowl, then 
low body mass should lead to reduced nest at- 

tentiveness with longer incubation periods and 
possibly lower hatching success. We found that 
body mass of female Wood Ducks at the begin- 
ning of incubation was not related to either 
duration of incubation or hatching success. 
These results contrast with those in Canada 

Geese where heavy females were at the nest 
longer than light females, and had shorter in- 
cubation periods (Aldrich and Raveling 1983). 
We have no data on the activity patterns of 
incubating Wood Ducks, and it is possible that 
body mass had no effect on nest attentiveness. 
However, heavy female Wood Ducks tended to 
nest earlier in the breeding season than light 
females. Even if small females were less atten- 

tive than large females, eggs would cool more 
slowly later in the season in response to warmer 
ambient temperatures (Caldwell and Cornwell 
1975). Under these circumstances, females nest- 
ing later could spend less time at the nest with- 
out affecting egg temperature and thus hatch- 
ing success and incubation duration. 

We found that length of the incubation pe- 
riod was inversely related to nesting date in 
one of three years. Ambient temperatures are 
cooler early in the nesting season than they are 
later. Low temperatures cause eggs to cool faster 
when they are left unattended (Caldwell and 
Cornwell 1975), and temperature of eggs may 
decline as ambient temperature declines even 
with constant incubation (Haftorn and Reineft- 
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sen 1985). Low egg temperature during incu- 
bation may result in longer incubation periods 
(see Booth 1987). Beginning incubation in good 
condition, therefore, may be important for fe- 
male Wood Ducks nesting early in the breeding 
season. Lipid reserves of female Wood Ducks 
can provide only a small part of the total energy 
demands of incubation (Drobney 1980). How- 
ever, heavy females may be able to provide more 
constant care to eggs than light females, which 
is important when ambient temperatures are 
low. Female Wood Ducks that start incubating 
at higher body mass, for example, lose mass at 
a faster rate than light females (Harvey et al. 
1989). 

Length of the incubation period for Wood 
Ducks also increased as clutch mass of parasitic 
nests increased. Larger clutches can result in 
longer incubation periods (Jones 1987, Coleman 
and Whittall 1988), and energy expenditure is 
greater for birds that incubate at temperatures 
below the thermoneutral zone (Biebach 1984). 
All eggs in large clutches may not come in con- 
tact with the brood patch (Mertens 1977); con- 
sequently some eggs cool and need to be re- 
warmed, which causes a longer incubation 
period. In our study, the significant relationship 
between clutch mass and length of incubation 
for parasitic--but not for nonparasitic--nests 
suggests that disruption of nesting activity by 
nest parasites may also contribute to this rela- 
tionship. 

Clutch mass had no effect on the weight loss 
of incubating Wood Ducks (Harvey et al. 1989). 
This indicates either that energy expenditures 
of females were not dependent on clutch mass, 
or that they were able to adjust nutrient intake 
so that body mass was not affected. Jones (1987), 
for example, reported that swallows (Hirundo 
rustica) spent more time incubating experimen- 
tally enlarged clutches, but that body mass de- 
creased only during periods when food avail- 
ability was low. 

Intraspecific nest parasitism (dump nesting) 
is common in Wood Ducks (Clawson et al. 1979, 
Heusmann et al. 1980, Semel and Sherman 1986), 
as well as in other species of birds (Rohwer and 
Freeman 1989). During a nine-year period in 
Missouri, clutch size of nonparasitic nests av- 
eraged 11.4 eggs, while clutch size of parasitic 
nests averaged 20.2 eggs (Clawson et al. 1979). 
Potential costs of nest parasitism to host females 
involve laying fewer of their own eggs (An- 

dersson and Eriksson 1982, but see Rohwer 1984) 
and disruption or abandonment of nesting ac- 
tivity (Pienkowski and Evans 1982, Semel and 
Sherman 1986). A longer incubation period as- 
sociated with larger clutch mass is also a poten- 
tial cost of nest parasitism that has not been 
previously addressed. Nests taking longer to 
hatch are at greater risk from predation, and 
embryos may use more energy as a result of 
longer developmental time and hatch with 
smaller residual yolk reserves. Both factors have 
the potential to reduce the reproductive success 
of host females. 
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