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Summary

1. Among species which feed their young, particularly those with large size dimor-
phism, parental investment trade-offs between growth and survival of male and female
offspring, and parental fitness, may be significant (sensu Trivers & Willard 1973). In
contrast, little is known about the effects of variation in food supply on sex-differential
growth and survival in species with precocial young. In such cases, where parental
investment is generally smaller, the trade-off is more proximate; how should individual
offspring allocate resources to maximize their fitness. We examined this question by
assessing the effects of seasonal variation in feeding conditions on growth and survival
of male and female offspring of an obligate avian herbivore with precocial young, the
lesser snow goose (Anser caerulescens caerulescens L.), using long-term observational
data from 1969 to present.

2. Snow geese show limited sexual size dimorphism, with males being 2-6% larger at
all ages post-hatching. Growth of snow goose goslings has been previously shown to
be extremely sensitive to variation in food supply, and previous analysis of this species
indicated even small differences in growth rates may significantly affect the probability
of survival.

3. We found a highly significant difference in the relative body mass, but not structural
size, of male and female goslings at fledging in response to seasonal declines in
food supply, with males showing a greater proportional fledging mass decrease than
females. Despite growth differences there was no detectable seasonal variation in
gosling survival between the sexes, and no difference between male and female goslings
in survival to fledging overall.

4. Since the analysis involved only goslings which had survived to fledging, it can be
difficult to determine if the seasonal decrease in dimorphism reflects either (i) seasonal
differences in relative growth of male and female goslings, or (ii) increasing mortality
of larger male goslings later in the season. However, the failure to find any sex-specific
differences in mortality generally favours the hypothesis of proportionately slower
growth of males hatched later in the season. The lack of sexual differences in survival
despite measurable differences in sex-specific growth may reflect some level of adap-
tation to maximize the probability of survival of each sex. However, the possibility
that the proportionately greater seasonal declines exhibited by males may reflect a
simple constraint, rather than an adaptation, cannot presently be ruled out.
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Introduction

In many monogamous species of birds with biparental
care, sexual dimorphism in body size or plumage
coloration is present, but small in magnitude, with
males typically slightly larger or brighter. The exis-
tence of dimorphism in such species suggests that sex-

ual selection is operating on males, but the limited
exaggeration of male secondary sexual traits suggests
the benefits of further exaggeration may be con-
strained by increased mortality of males with exag-
gerated sexual traits, particularly under conditions of
food limitation (Bradbury & Anderson 1987; Clutton-
Brock 1991).
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Most investigations of the effects of food restriction
on offspring growth and survival have involved species
with both large sexual size dimorphism (SSD) and
significant parental care of the offspring following
birth (e.g. Searcy & Yasukawa 1981; Clutton-Brock,
Guinness & Albon 1982; Bortolotti 1986). Growth
and survival offspring in such species is potentially
influenced by (i) selective allocation of food (or other
resources) to offspring of either sex by parents to
maximize their fitness (e.g. Trivers & Willard 1973),
(ii) ‘'non-adaptive’ mortality of the larger sex when
food is limiting (e.g. Clutton-Brock 1986; Weather-
head & Teather 1991), or (iii) both (Slagsvold 1990).
It is generally assumed that in the absence of both
large SSD and variation in parental investment in
either sex, particularly in terms of food provisioning,
growth and survival of male and female offspring
should be roughly equal.

It is this expectation which perhaps explains the
relative absence of data concerning possible sexual
differences in both offspring growth and survival for
species with limited SSD. Notable exceptions include
recent studies of small mammals by Caley, Boutin &
Moses (1988) and Boutin & Larsen (1993). In neither
study were significant differences between the sexes in
offspring growth and survival detected. However,
both of these studies involved species which feed their
young. To our knowledge, there have been no pre-
vious studies of the pattern of sexually dimorphic
growth and survival in response to variation in
resources in a species with precocial, self-feeding
young.

In this study we examine the effects of variation in
resource levels on growth and survival of the precocial
offspring of the lesser snow goose (hereafter, snow
goose), using data from a long-term study of a popu-
lation breeding at La Pérouse Bay, Manitoba, Canada
(58°4'N, 94°4’W). Although snow geese show no sex-
ual dimorphism in plumage, they do exhibit a small
degree of SSD both in gosling growth rates and size
at fledging (Cooch et al. 1991a), and ultimately as
physically mature adults (Davies, Rockwell & Cooke
1988; Cooke, Rockwell & Lank 1995). Adult males
are on average &~ 2—6% larger than females.

There would appear to be little reason to expect
significant sexual differences in survival in this species.
However, as an adaptation to the short arctic breeding

season, goslings of arctic-breeding geese exhibit

extremely rapid growth for a species with precocial
young (Whitehead, Freeland & Tschirner 1990). As
a result, growth and development of geese is highly
sensitive to variation in the quality and quantity of
food (Cooch et al. 1991a,b; Sedinger & Flint, 1991;
Larsson & Forslund, 1991), and thus, significant mor-
tality selection against faster growing birds might be
expected, especially under conditions of decreasing
food availability (Francis et al. 1992; Williams et al.
1993). v

For many species of geese, grezing pressure over

the course of the breeding season reduces both above-
ground forage and the capacity of vegetation to show
compensatory growth following grazing (e.g. Hik &
Jefferies 1990). This intraseasonal pattern of variation
in food abundance and quality has a profound impact
on growth and early survival of goslings. In general,
late-hatching goslings are both structurally smaller
and lighter for a given age than early hatching goslings
(Cooch et al. 1991a), and show lower rates of recruit-
ment (i.e. survival) than early hatching goslings
(Cooke, Findlay & Rockwell 1984). Cooch et al.
(1991a,b, 1993) have shown that these seasonal chan-
ges in average body size reflect systematic changes in
the environmental component of the body size pheno-
type, and not changes in the genetic structure of the
sample.

The sensitivity of growth of snow goose goslings to
variation in food quantity and quality suggests that
selection against males, which on average grow faster
than females, may occur. Based on this alone, we
might expect systematic seasonal differences in the
growth and possibly survival of male and female gos-
lings. Using the ‘natural experiments’ provided by
changes in food abundance within seasons, we
assessed the degree to which differences in food supply
differentially affected the growth and survival of male
and female snow goose goslings.

Methods

Data have been collected annually from La Pérouse
Bay from 1969 to the present. General field methods
are described in detail in Finney & Cooke (1978),
Cooke et al. (1985), and Cooke et al. (1995). The
colony, presently numbering 15 000-20 000 breeding
pairs (Cooke et al. 1995), is on the southern edge of
the species breeding range. Each year, ~ 2000 nests
are monitored at hatching (modal clutch size at hatch
= 4), and each hatchling is weighed (to the nearest
gram) and marked with an individually numbered
web-tag.

In some years, sex of the goslings at hatch (sec-
ondary sex ratio) was also determined by cloacal
examination. In most years, sexing of goslings at hatch
was performed by four to eight different individuals,
each working in a different region of the nesting
colony. To assess the accuracy of the sexing of goslings
at hatch, we initially screened each individual region
in each year to determine the proportion of goslings
subsequently seen and sexed at fledging which had
been correctly sexed at hatch (we assume that the error
rate in sexing at fledging is negligible, and unbiased
with respect to true sex). Among regions where at least
10 goslings were seen at both hatch and fledging, error
rates pooled over both sexes varied from 0 to 40%,
averaging =~ 13% over all years and regions
combined. To maximize our sample, and minimize
bias as much as possible, we used data only from those
regions where overall observed error was < 15%.
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Comparison of the relative error rates between male
and female goslings showed that there was a sig-
nificantly greater probability of misclassifying male
goslings at hatch as females than female goslings as
males (11-7% vs. 5:0%, respectively; x? = 7-36
(n,, = 239, n, = 201), P = 0-007). If the magnitude of
this bias changed systematically with respect to time,
either within or among years, then analysis of changes
in secondary sex-ratio would be confounded.
However, we found no significant difference between
males and females in the error at assigning sex at
hatch with respect to either year (year x sex, x3 = 0-01,
P > 0-5) or hatch date (year x hatch date, 3 = 1-59,
P = 0-208; hatch date = + n days from annual mean
hatch; significance of interaction of year and hatch
date estimated from model controlling for year). Thus,
we interpret any systematic variation in hatching sex-
ratio as a function of either of these temporal variables
as occurring independent of bias in the mis-
classification error in assigning sex at hatch.

Approximately 5 weeks after hatch, before the gos-
lings have completely fledged, the adults moult their
primary flight feathers, and are temporarily flightless.
During this period, &~ 1500 families (~4000-5500
adults and goslings) are rounded up, aged, sexed and
ringed. Since 1969, > 55,000 goslings have been cap-
tured at ringing, sexed (tertiary sex) and marked with
individually numbered tarsal bands. A portion of the
goslings caught in these ringing drives have web-tags
(> 6000 total), and thus could be aged precisely (age-

= days since hatch). SAS (SAS Institute 1989) was
used for all statistical analyses.

BODY SIZE MEASUREMENTS

We compared body size differences between male and
female goslings using two different measures of struc-
tural size (culmen and total tarsus length (mm));
Dzubin & Cooch 1992) and body mass (g). Within
any year, only data from the first capture for each
gosling during ringing drives were used. While body
mass variation is to some degree isomorphic to chan-
ges in structural size (structurally larger individuals
are on average also heavier), previous studies of this
population have shown that body mass is significantly
more sensitive to variable growth conditions than are
the ‘hard’ structural characters, despite approximately
equal heritabilities (Cooch et al. 1991a,b; Cooke et al.
1995). Although growth of both tarsus and culmen
show similar sensitivity to food restriction (Cooch et
al. 1991a,b), recent evidence indicates that tarsus and
culmen length are not equivalent indicators of struc-
tural size (Ratner ez al. unpublished; cited in Cooke
et al. 1995), and may indicate different things about
offspring growth. Thus, we include both structural
characters in our analyses. Although multivariate
measures of structural size (e.g. PC1) are preferred
(Rising & Somers 1989; Freeman & Jackson 1990),
they are dimensionless variables for which pro-

portional changes (with respect to sex and other vari-
ables) are difficult to estimate.

Because of the timing of our sampling, most of the
older goslings in our ringing samples came from early
hatching nests, and conversely, most of the younger
goslings in our sample came from late-hatching nests.
Thus, there is an unavoidable bias in our estimate of
the rate of seasonal variation in growth rates, and the
estimates of significance of the seasonal declines are
conservative (Cooch ez al. 1991a). However, this bias
is unlikely to affect our ability to detect differences
between the sexes.

MEASUREMENT OF SEXUAL DIFFERENCES IN
BODY SIZE

We used differences in the magnitude of sexual size
dimorphism for goslings of a given age to test for
differential sensitivity to variation in growth
conditions. In all analyses, we first controlled for
differences in gosling age (days since hatch) by ana-
lysing residuals of regressions of body size (body mass,
culmen and tarsus length) on age (see Cooch et al.
1991a). Since growth rate is linear over the range of
ages encountered during annual ringing drives (Cooch
et al. 1991a), differences in these adjusted values reflect
differences in actual growth rates. Thus, differences in
‘growth rates’ or ‘body size’ are functionally equi-
valent in our study. All analyses of body mass, culmen
and tarsus length refer to these adjusted values. Since
the seasonal decline in body size is generally linear
(Cooch et al. 1991a), hatch date (4 »n days from the
annual mean) was included as a linear covariate.
Analysis of the potential influence of brood size and
parental age is discussed below.

Statistical significance of differences in the body size
of male and female goslings was estimated in two
ways. For broods where at least one male and one
female gosling were measured, we used analysis of
covariance of the difference between male and female
body mass and culmen length (analogous to a repeated
measures ANCOVA using male and female measure-
ments as the repeated measure of ‘size’ within a
brood), with hatch date as a linear covariate. This
analysis provided significant power in assessing over-
all differences between male and female goslings in
terms of other factors, while also taking into account
common growth environments within brood (e.g. par-
ental age and brood size). However, this approach has
the disadvantage of scaling rates of change in terms
of absolute differences between male and female
measurements, which alone does not unambiguously
identify which sex is changing at a different rate rela-
tive to the other.

We also used analysis of covariance of body mass
and culmen length with hatch date for single male or
female goslings randomly selected from each brood.
Since this analysis included broods where only male
or female goslings were measured, our sample size was
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increased approximately threefold, raising the power
of our analyses but introducing the potential problem
of confounding covariates. To avoid biasing the re-
sults of these analyses towards larger broods, a single
gosling was chosen at random from each brood.
Since the results of any single analysis are dependent
upon the particular random sample of goslings, we
repeated each analysis 25 times, each time using a new
randomly selected data set, and report the significance
of the mean test statistics.

While this eliminates the problem of over-rep-
resenting data from large broods in our sample, it
does not control for direct effects of brood size itself
on gosling growth and survival. Brood size typically
declines with hatch date in this species (Hamann &
Cooke 1989). Cooch et al. (1991a) showed that gos-
lings from larger broods for a given hatch date tended
to grow more rapidly, although relative gosling hatch
to fledging survival was significantly lower in large
broods (Rockwell, Findlay & Cooke 1987). Thus, we
included brood size measured at hatch as a classi-
fication variable in our starting models for analysis of
variation on body size. Brood size at hatch was used
instead of final brood size (measured at ringing) since
the greatest influence of brood size on growth and
survival probably occurs within the first 10 days fol-
lowing hatch (Williams et al. 1993).

Nests of older parents tend to hatch earlier in the
season than younger parents (Finney & Cooke 1978;
Cooke et al. 1995). Although the likelihood of sexual
differences in growth and survival being due to an
interaction of parental age and gosling sex is probably
very small in this species (since snow goose goslings
are precocial, with little indication of differential par-
ental care towards individual goslings during brood-
rearing), we tested this assumption prior to sub-
sequent analysis using a sample for which minimum
parental age was known (& 55% of the total sample).
After controlling for brood size, we tested for a sig-
nificant interaction of adult age with gosling sex and
hatch date on variation in gosling size. Most snow
geese breed for the first time as 2 or 3 year-olds, and
are reproductively mature by the age of 4 years (Cooke
et al. 1995), so we classified individual adult females
< 3 years as ‘young’. Among reproductively mature
adults (> 4 years), we designated individual adults as
either ‘old’ (age = 4-8 years) or ‘very old’ (age > 8
years) because there is some recent evidence of het-
erogeneity of post-hatch reproductive performance
between these two age groupings (Rockwell et al.
1993). We used these categories as levels of the ‘adult
age’ classification factor in our analyses. Due to the
strong female philopatry to the natal colony exhibited
in this species (> 97% of surviving male goslings dis-
perse to other colonies; Cooke, MacInnes & Prevett
1975), age of males is not known in our sample, and
could not be included in our analysis.

Among 934 broods (brood size = 3-5) for which
minimum parental age was known, there was no sig-

nificant interaction of age with gosling sex, and no
effect of age overall, on gosling size for any of the
brood sizes (Table 1), and thus parental age was not
included in subsequent analyses.

Results

SEASONAL VARIATION IN SEXUAL SIZE
DIMORPHISM

Within-brood differences between male and female
goslings at fledging varied significantly with hatch date
in only 2 of 13 years for body mass, and in only 1 of
13 years for both culmen and tarsus length (Table 2a).
However, the slope of the regression of the difference
on hatch date was negative (decreasing average
difference between males and females) more often
than would have been expected by random chance
(sign test) for body mass (12/13 years — P = 0-003),
but not for culmen (8/13 years — P > 0-5) or tarsus
length (6/11 years — P > 0-5).

Results from analysis of covariance of body mass
and culmen and tarsus length with hatch date were
consistent with the above analysis. We found no sig-
nificant difference between male and female goslings
in the rate of the seasonal decline for any of the charac-
ters in virtually all years (Table 2b). The slope for
males was numerically more negative (greater rate
of decline) than the female slope in 11 of 13 years
(P = 0-022) for body mass, but only in 7 of 11 years
(P> 0-5) and 8 of 13 years (P > 0-5) for tarsus and
culmen length, respectively. Since the results of the
within-brood and covariance analyses gave similar
results, we restricted subsequent analyses to the
covariance approach only.

The regular pattern of sexual differences in body
mass, and the lack of similar consistency for either
culmen or tarsus length, was reflected in analyses pool-
ing data over all years. Male goslings of a given age
and year were consistently heavier and had larger
culmen and tarsus lengths than female goslings for
all hatch dates (Table 3). However, male body mass
declined proportionately faster (x~ 7-6 g day™' differ-
ence in the rate of the decline) than females over the
course of the season (Table 3; Fig. 1a). Among early
hatching goslings, females are from 100-120 g lighter
on average than male goslings (c. 7-8% difference),
whereas amongst late-hatching goslings, this differ-
ence has declined to 60-80g (c. 5% difference;
Fig. 1b). In contrast, although structural size also
declined with later hatch date (Fig. 1a), there was no
significant difference overall between males and
females in the rate of these declines for either culmen
or tarsus length (Table 3). Female goslings were struc-
turally smaller (2-4%) for all hatch dates (Fig. 1b).

There was significant heterogeneity among years in
the degree of difference in the decline between male
and female goslings (Table 3). There has been a sig-
nificant long-term decline in food abundance at the
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Table 1. Analysis of the effect of parental age on sexually dimorphic gosling body size at La Pérouse Bay, 1976-88, controlling
for brood size at hatch

Body mass (g) Culmen (mm) Tarus (mm)

BS Source d.f. MS® F MS F MS F

3 Year 11° 1603-98  12:24** 27-37 6-53%* 8425 7-66**
Age® 15-77 0-12 0-82 0-20 1-19 0-11
Sex 1 225-55  17-22%* 26-62 8-74%* 26197 23-81**
A xS 2 25393  1-18 0-88 0-21 16-68 1-52
Error 245 130-99 4-19 11-00

4 Year 11 2917-97  22-14** 32:92 10-86** 97-56 11-74**
Age 2 112:36  0-85 2-38 0-78 21-64 2-601
Sex 1 7108-80  53-94** 84-59 27-92** 1378-22 165-82%*
A xS 2 59-89 045 1-28 0-42 0-38 0-05
Error 131-79 3-03 831

5 Year 11 2164:40 15-15** 28-42 8-02%* 6368 7-38%*
Age 2 43-60 031 0-80 0-23 3-36 0-39
Sex 1 5328-89  37-30%** 30-56 8-63* 266-29 30-85%*
AxS 2 34735 243t 0-95 0-27 229 0-13
Error 142-85 3-54 8-63

*Year d.f. = 9 for tarsus since data available for 1978-88 only.

® Derived from partial (Type III) sums of squares. Values for body mass scaled for presentation purposes by dividing by
100. Significance of mean statistics from 25 different randomly selected subsets.

°Parental age (‘young’ <4 years, ‘old’ = 4-8 years, ‘very old’ = > 8 years).

tP<01;*P <005 ** P < 001.

Table 2. (a) Analysis of annual variation in seasonal decline in the difference in sexual size dimorphism within snow goose
broods at La Pérouse Bay, 1976-88. Response variable is the arithmetic difference between a male-female gosling pair. Model
included brood size (at hatch) as a classification variable

Body mass (g) Culmen (mm) Tarsus (mm)
Year n Slope (SE)° t Slope (SE) t Slope (SE) t
76 125 —6°1(54) 1-14 0-23 (0-19) 1-23 — —
77 137 —9:7(6:9) 1-40 —0-20 (0-12) 1-67% — —
78 54 —21-2(9'5) 2:24* —0-17 (0-14) 118 —0-69 (0-38) 1-80%
79 67 —5-1(89) 0-57 —0-09 (0-20) 0-46 —0-39 (0-22) 1-79%
80 148 —29(4-3) 0-67 0-02 (0-06) 0-20 —0-02 (0-10) 0-24
81 142 —07 (41) 0-16 —0-05 (0-07) 0-78 —0-06 (0-12) 0-50
82 95 —52(43) 1-21 —0-01 (0-09) 0-05 —0-15 (0-15) 1-05
83 62 —24-1(10-3) 2:33* —0-65 (0-16) 3-97kk* —0-67 (0-23) 2-95%*
84 31 10-3 (10-0) 1-03 0-12 (0-33) 0-38 0-18 (0-26) 0-67
85 32 —-71(92) 0-77 —0-09 (0-17) 0-52 0-06 (0-29) 0-19
86 10 —03(21°1) 0-01 0-45 (0-27) 1-69 0-35 (0-36) 097
87 41 —4-1(12:3) 0-34 0-21 (0-19) 1-10 0-18 (0-39) 0-47
88 28 —20-4 (12-8) 1-60 —0-26 (0-14) 1-85% 0-10 (0-28) 0-36

2 Number of broods used in the analysis. One male and one female individual drawn at random from each brood (see

Methods). Significance of mean statistics from 25 different randomly selected subsets.

®Slope of regression of arithmetic difference (male—female) on relative hatch date (+ n days from annual mean hatch date).

TP <01;*P <005 ** P < 0-01; *** P < 0-001.

colony, independent of annual seasonal variation
(Cooch et al. 1991b; Williams et al. 1993), so we par-
titioned the interaction into a linear contrast, testing

for a systematic change over years in the differences
in slopes between the sexes. When all years were
included, there was no detectable trend for any of the
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Table 2. (b) Analysis of annual variation in difference in the seasonal decline in sexual size dimorphism between male and
female snow goose goslings at La Pérouse Bay, 1976-88. Single gosling selected at random from each brood

Body mass (g) Culmen (mm) Tarsus (mm)

Year Sex n* Slope (SE) F,.° Slope (SE) Fopa Slope (SE) Fp4
76 m 79 —175(62) —0-06 (0-12) —

f 100 2-5(8-6) 5-72* —019 (012) 0-95 — —
77 m 155 —16'5(5-0) —0-25(0-09) —

f 119 —64(56) 2-08 —0-07 (0-11) 1-80 — —
78 m 74 —150(67) —0-07 (0-11) —0-39 (0-34)

f 78 —7:0(5-8) 0-91 —0-09 (0-09) 0-29 0-23 (0-27) 2:23
79 m 14 —147(79) —0-07 (0-13) —0-66 (0-55)

f 12 —88(79) 0-62 0-01 (0-13) 0-50 —0-24 (0-46) 0-45
80 m 110 —11-8(3-6) —0-04 (0-06) —0-14 (0-10)

f 150 —-37@33) 3-09t —0-04 (0-05) 0-14 —0-05(0-09) 0-94
81 m 97 —19-3 (47) —0-20 (0-07) —0-53(0:17)

f 94 —13-6 (5-0) 0-93 —0-15(0-07) 0-53 —023 (0-17) 1-89
82 m 108 —12:2(53) —0-16 (0-08) —0-35(0-15)

f 135 — 88 (4:6) 0-45 —0-02 (0-07) 1-81 —0-26 (0:13) 0-52
83 m 90 —34-7 (8-4) —0-41 (0-13) —0-70 (0-20)

f 91 —33-0(79) 0-48 —0-32(0-12) 0-81 —0-88 (0-19) 0-61
84 m 64 —18:5(6'9) —0-33(0-12) —0-37 (0-18)

f 61 —16:1 (6:7) 0-22 —0-23 (0-11) 0-57 —022(0-17) 0-44
85 m 54 —6-3(6:0) —0-07 (0-09) —0-13(0-19)

f 67 —8:0(55) 0-21 —0-04 (0-08) 0-19 —0-24 (0-18) 0-35
86 m 24 —7-7 (10-8) —0-21 (0-18) —0-20 (0-36)

f 27 —12-8 (10-4) 0-25 —0-22(0-17) 0-26 —0-56 (0-36) 0-55
87 m 40 —59(94) 0-06 (0-15) 0-03 (0-25)

f 43 5-8(9-1) 0-86 —0-07 (0-15) 0-51 0-19 (0-27) 0-44
88 m 36 —20-8 (12'5) —0-06 (0:17) —0-10 (0-29)

f 25 —87(127) 0-93 —0-22 (0-18) 0-74 —0-20 (0-30) 0-33

* Number of individuals of each sex used in the analysis (1, +#n; = number of broods). Significance of mean statistics from

25 different randomly selected subsets.

® F-statistic of test of interaction between sex and hatch date, estimated as mean of 25 randomly selected subsets. Model
included brood size (at hatch) as a classification variable. T P < 0-1; * P < 0-05.

three characters (Table 3), although the sign of the
change was negative (indicating a decrease across
years in the difference between slopes) in all cases.

FITNESS CONSEQUENCES OF SEXUAL
DIFFERENCES IN THE SEASONAL DECLINE IN
GROWTH

Even a small degree of sexual size dimorphism implies
some sexual selection for larger male size, so there
is probably some fitness cost to the proportionately
reduced size of late-hatching goslings. In at least two
species of geese, smaller goslings at fledging become
smaller adults (Cooch et al. 1991b; Larsson & For-
slund 1991), and smaller adult structural size could
conceivably reduce adult fitness (sensu Sedinger, Flint
& Lindberg 1995). Because >97% of male goslings
at La Pérouse Bay disperse to other colonies to breed
(Cooke, MaclInnes & Prevett 1975), we have virtually
no data with which to assess the consequences of
seasonal variation in male gosling size on subsequent
adult fitness. In the absence of data on relative male/
female adult fitness, we are restricted to testing for
differences in relative survival from hatch to fledging.

We did this in two ways. First, we estimated survival

directly by using a sample of 7664 goslings from 2682
different nests which had been sexed at hatch by clo-
acal examination which had been sexed at hatch from
1982 to 1986. Using this sample, we detected no sex
differences in the probability of survival to fledging as
a function of hatch date, either for individual years
(Table 4a) or pooled over all 5 years (Table 4b), and no
difference overall in hatch to fledging survival between
male and female goslings, regardless of year or hatch
date.

While the above analysis has the advantage of being
a direct test of sexual differences in survival from
hatch to fledging, the range of years in the data set
was limited (1982-1986), and occurred relatively late
in the study, when differences in growth rates between
male and female goslings were smallest. To test for
sexual differences in hatch to fledging survival in a
greater number of years, we also examined variation
in fledging sex-ratio as a function of hatch date. If the
hatching sex-ratio of snow geese is 1:1 (or at least
constant) throughout the season, any sex-specific
changes in mortality between hatch and fledging
would be reflected in differences in sex-ratio at the time
of fledging. We tested the assumption of a seasonal
1:1 hatching sex-ratio using logistic regression of the



