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FITNESS CONSEQUENCES OF PARENTAL BEHAVIOR IN 
RELATION TO OFFSPRING NUMBER IN A PRECOCIAL 

SPECIES: THE LESSER SNOW GOOSE 

TONY D. WILLIAMS,1 MAARTEN J. J. E. LOONEN,2 AND FRED COOKE3 
'Department of Animal and Plant Sciences, P.O. Box 601, University of Sheffield, 

Sheffield S10 2UQ, United Kingdom; 
2Zoological Laboratory, P.O. Box 14, University of Groningen, 9750 AA Haren, The Netherlands; and 

3Department of Biology, Queen's University, Kingston, Ontario K7L 3N6, Canada 

ABSTRACr.-We investigated the relationship between parental behavior and brood size, 
and the consequences of this relationship in terms of parental fitness (timing of molt and 
body mass at onset of molt in same year as breeding, and probability of return, timing of 
breeding, and clutch size in following year) in the precocial Lesser Snow Goose (Chen caeru- 
lescens caerulescens) at La Perouse Bay, Manitoba. The percentage of time parent birds spent 
feeding decreased with increasing brood size, from greater than 90% for pairs without off- 
spring to less than 80% for broods of seven and eight. The number of vigilant (head-up) 
postures per minute by parental birds increased up to brood size five and then decreased. 
Parental females also spent significantly less total time feeding and more time in alert behavior 
as brood size increased from one to five goslings. The relationship between parental behavior 
and brood size remained significant for small brood sizes even if pairs without goslings were 
excluded (range one to five goslings), and this relationship was independent of female age. 
Males (but not females) rearing larger broods molted later than those with smaller broods, 
although only by one to two days. This was directly related to rearing of offspring; in both 
sexes, birds that hatched four or more goslings and subsequently lost one or more goslings 
during brood-rearing molted significantly earlier than birds rearing all of their hatched 
goslings. There was no relationship, in either sex, between number of goslings reared and 
the adult mass five to six weeks posthatch (molt) in the same year, or probability of return 
or timing of breeding (laying date or hatch date) in the following year. Partners of males 
that reared the largest number of goslings laid significantly larger clutch sizes the following 
year, suggesting that these were "better-quality" pairs. Over the range of naturally observed 
brood sizes, the effect of increasing brood size on parental behavior does not appear to be 
associated with any negative effects on residual parental reproductive effort or fitness in this 
species. Received 24 June 1993, accepted 18 November 1993. 

IN ALTRICIAL SPECIES, the evolutionary deter- 
mination of clutch size and parental care are 
thought to be closely related; with increasing 
number of offspring there is a trade-off between 
benefits to the parent of increased inclusive fit- 
ness and costs of reduced residual reproductive 
value due to increased current reproductive ef- 
fort (Perrins 1965, Williams 1966, Lack 1968, 
Trivers 1972, Drent and Daan 1980). The main 
form of parental care in altricial species is pro- 
vision of food to the offspring. This form of 
parental care is considered to be "depreciable" 
(Altmann et al. 1977) or "shared" (Lazarus and 
Inglis 1986). The benefit of parental care per 
offspring declines with increasing number of 
offspring, and total parental expenditure is pre- 
dicted to increase with increasing brood size 
(Lazarus and Inglis 1986). Numerous studies of 
altricial species have demonstrated costs of re- 

production (decreased fecundity and/or surviv- 
al) associated with increased parental effort in 
rearing experimentally enlarged broods (e.g. 
Nur 1984, Hegner and Wingfield 1987, see re- 
view in Partridge 1990). 

In contrast to altricial species, the relation- 
ship between parental effort and number of off- 
spring in precocial species is much less clear 
(Schindler and Lamprecht 1987). Precocial spe- 
cies do not feed their young and the main form 
of parental care (vigilance or brood-defense be- 
havior) is generally assumed to be "nondepre- 
ciable" (Lazarus and Inglis 1986, Schindler and 
Lamprecht 1987), meaning that the total benefit 
of parental care is gained simultaneously by all 
offspring. In Southern Lapwings (Vanellus chi- 
lensis; Walters 1982), Bar-headed Geese (Anser 
indicus; Schindler and Lamprecht 1987), and 
Barnacle Geese (Branta leucopsis; Black and Owen 
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1989a, Forslund 1993), parents spent more time 
in vigilance behavior and less time foraging 
with increasing brood size, although no such 
relationship was found in Pink-footed Geese (A. 
bracyrhynchus; Lazurus and Inglis 1978) or in an 
earlier study of the Lesser Snow Goose (Chen 
caerulescens caerulescens; Lessells 1987). Schin- 
dler and Lamprecht (1987) suggested that in 
precocial species reduced foraging time of par- 
ent birds, associated with increasing brood size, 
may reduce parental fitness and, thus, represent 
a form of depreciable care. However, very few 
studies have considered actual fitness costs of 
rearing different numbers of offspring in pre- 
cocial species. Parental care will only influence 
clutch size if the parent incurs such fitness costs, 
in terms of decreased future fecundity and/or 
survival. Otherwise, optimal clutch size should 
be infinite with respect to parental effort during 
brood rearing (Lessells 1987). 

In this paper we first analyze the relationship 
between parental behavior and brood size (de- 
creased feeding performance and increased vig- 
ilance behavior) in the precocial Lesser Snow 
Goose. Second, as other parental traits (e.g. age 
or "quality") may be correlated both with the 
level of parental care and the number of off- 
spring reared (Black and Owen 1989b, Clutton- 
Brock 1991), we investigate the effect of parental 
age on this relationship. Finally, correlational 
studies of parental behavior and brood size can 
be misleading because time (or energy) costs 
may not reflect fitness costs (Clutton-Brock 1991, 
Clutton-Brock and Godfray 1991). Therefore, we 
use data from a long-term population study of 
this species to investigate the relationship be- 
tween number of offspring reared and five mea- 
sures of residual parental fitness: (1) timing of 
molt and body mass at molt in the same year as 
brood rearing; and (2) probability of return, 
timing of breeding, and clutch size in the year 
following brood rearing. 

METHoDS 

General methods and measures of parental fitness.-Data 
on the breeding biology of the Lesser Snow Goose 
have been collected at La Prouse Bay, Manitoba 
(58043'N 93?27'W) from 1968 to 1993. General field 
methods and details of the species' breeding biology 
are given in Cooke et al. (1985), Cooke and Rockwell 
(1988) and Cooch and Cooke (1991). In each year up 
to 2,000 nests were visited daily throughout hatch to 
obtain data on mean hatch date, the number of gos- 
lings leaving the nest (GLN), and the band numbers 

of breeding adults. All hatching goslings were marked 
with individually numbered web tags. For a smaller 
sample of nests (those found at the one-egg stage and 
visited daily throughout egg laying), the date of clutch 
initiation (laying date) and total clutch laid (TCL) 
were also known. Since 1972, 4,000 to 7,000 adults 
and goslings have been banded annually prior to 
fledging of the goslings, five to six weeks after mean 
hatch date. During banding all birds were sexed by 
cloacal examination, each received a metal Canadian 
Wildlife Service band, and female goslings and all 
adults received a year-specific colored alphanumeric 
band. Only female goslings were color banded be- 
cause this species shows highly female-biased philo- 
patry; therefore, only known-age females were avail- 
able for behavioral observations. The presence of web 
tags on goslings encountered at banding allowed the 
gosling's natal nest and parents to be identified, and 
the number of goslings reared (brood size at banding, 
BSB) to be determined. The timing of molt was de- 
termined for adults by measuring the length of the 
ninth primary at banding. To determine return rates 
any record of resightings (during nesting or brood 
rearing) and recaptures (during banding) of banded 
birds between 1973 and 1992 were used. As data were 
pooled over years, initial year of capture (the brood- 
rearing year for which BSB was known) was restricted 
to 1988 or earlier so that there were at least four 
potential re-encounter years (only 2% of birds were 
re-encountered five or more years after the brood- 
rearing year, n = 3,466). Adult body mass and ninth 
primary length at banding varied significantly with 
year and absolute date. Therefore, data were con- 
verted to residuals from predicted year and date val- 
ues (using the GLM procedure; SAS Institute 1990) 
before analysis of the relationship with respect to 
brood size. Similarly, there was significant annual 
variation in mean laying date, hatch date, and clutch 
size. Therefore, all data were converted to residuals 
from annual means before being pooled over years. 
All data were restricted to older birds (five or more 
years of age) for which age and fecundity are statis- 
tically independent in this population. 

Data on foraging behavior were collected in 1985, 
1986, and 1992, and general activity budgets were 
recorded in 1991 and 1992 during the brood-rearing 
period. All observations were made between hatch 
and banding from a permanent, 5-m-high tower sit- 
uated on intertidal feeding flats (Randy's Flats) ad- 
jacent to the nesting area. For all pairs from which 
data were obtained, at least one adult was banded 
(and, therefore, of known sex) and, whenever pos- 
sible, pairs with known-age females were chosen. Ob- 
servations were made throughout daylight hours, from 
0500-2200 CST, with a minimum of 24 records ob- 
tained for each hourly interval. Due to disturbance 
from other researchers on the feeding flats, more ob- 
servations were made in the early morning (0500- 
0900, 48%) than during the later part of the day, but 
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time of observation was not biased with respect to 
brood size. 

Foraging behavior. -Foraging behavior was recorded 
continuously. Observations started once the bird 
adopted the head-down feeding posture and ended 
after 5 (1992) or 10 (1985, 1986) min, or when the bird 
changed to nonforaging behavior (preening, sleep- 
ing, or drinking). The following were recorded: (1) 
total observation time; (2) total time spent feeding (in 
head-down position); (3) number of feeding bouts, 
delimited by the bird stopping feeding and adopting 
the head-up posture while either stationary or mov- 
ing; and (4) number of steps during feeding bouts. 
In addition, peck rates were measured at the begin- 
ning or end of each observation by counting the time 
taken for 50 pecks during bouts of continuous for- 
aging (i.e. with no interruptions by head-up postures; 
Sedinger and Raveling 1988). Using these data the 
following additional variables were calculated: (1) 
number of pecks per minute during continuous feed- 
ing; (2) percentage of time spent feeding (feeding 
time/total study time); (3) number of vigilant, head- 
up postures per minute; and (4) number of steps per 
minute feeding. Sex, brood size, and band informa- 
tion also were recorded for all individuals. 

Foraging behavior in relation to brood size was 
analyzed by multiple regression using the GLIM sta- 
tistical package (Numerical Algorithms Group 1987), 
correcting for variation in adult sex, days since mean 
hatch, and year. Dependent variables were trans- 
formed to improve the distribution of the residuals: 
percentage time feeding (arcsine transformed), num- 
ber of head-ups, and steps per minute feeding (both 
square-root transformed). Models were constructed 
using a stepwise procedure including both linear and 
quadratic terms for the independent variables. Tests 
for inclusion of independent variables were based on 
an F-distribution of the change in deviance per de- 
gree of freedom, when the variable was dropped from 
the model, divided by the deviance per degree of 
freedom in the full model. Brood size, days since 
mean hatch date, year, and sex were included as in- 
dependent variables, and year and sex were entered 
as factors. 

Activity budgets.-Activity budgets were recorded, 
in addition to detailed feeding behavior, to test the 
possibility that differences in foraging behavior in 
relation to brood size might be compensated for by 
changes in other behaviors. These were obtained us- 
ing a scan-sampling technique, activity being record- 
ed at 5-s intervals over 4-min periods (n = 48 records). 
In all cases activity of both birds of a pair was recorded 
consecutively. The following activities were distin- 
guished: feeding (head-down), alert or vigilant (head- 
up plus extreme head-up of Lazarus and Inglis 1978), 
motor (swimming or walking, and not feeding), com- 
fort (preening, stretching or resting), drinking, and 
social (usually inter- or intrabrood interactions). Birds 
brooding goslings were excluded from observations. 
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FIG. 1. Relationship between percentage of time 
spent feeding and brood size in Lesser Snow Geese. 
x ? SE, with sample sizes above points. Equation for 
line is Y = 1.237 - 0.0202X, where X is brood size. 

We assumed that the proportion of total 5-s activity 
records spent in each activity reflected the actual pro- 
portion of time spent in each activity (following Eber- 
hardt et al. 1989). Contingency table analysis and 
Spearman rank correlations were used to analyze ac- 
tivity budgets in relation to sex, year, brood size, or 
female age. All analyses were carried out using SAS 
(SAS Institute 1990). 

RESULTS 

Foraging behavior. -The percentage time spent 
feeding by parental birds decreased linearly 
with increasing brood size (Fig. 1; F = 15.79, df 
= 1 and 608, P < 0.001) from greater than 90% 
for zero brood sizes to less than 80% for brood 
sizes of seven and eight. The number of alert 
(head-up) postures per min by parents also var- 
ied significantly with brood size (Fig. 2; F = 
12.41, df = 2 and 617, P < 0.001), increasing for 
brood sizes from one to five and then decreas- 
ing for larger broods. The relationships be- 
tween these two behavioral variables and brood 
size were not significantly different in male and 
female birds (ANCOVA, sex x brood interac- 
tion; feeding, F = 1.78; head-ups, F = 0.12). 
There was no significant relationship between 
number of pecks or number of steps per minute 
feeding and brood size (P > 0.05). Trends in 
parental behavior with brood size have often 
been reported to be dependent on inclusion of 
pairs without offspring (e.g. Sedinger and Rav- 
eling 1990). Therefore, data were reanalyzed for 
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FIG. 2. Relationship between number of head-up 
postures per minute and brood size in Lesser Snow 
Geese. x ? SE, with sample sizes above points. Equa- 
tion for line is Y = 1.050 + 0.1418X - 0.0156X2, where 
X is brood size. 

brood sizes of one to five only. For this restrict- 
ed data set, both behavioral parameters were 
still significantly related to brood size (per- 
centage time spent feeding, F = 7.65, df = 1 and 
575, P < 0.01, number of head-ups per minute, 
F = 3.72, df = 2 and 580, P < 0.05). 

Activity budgets.-There were significant dif- 
ferences in activity budgets between sexes (X2 
= 246.8, df = 5, P < 0.001, data pooled across 
years) so males and females were analyzed sep- 
arately. Males spent more time alert and less 
time feeding than females (Table 1). The pro- 
portion of time spent in different behaviors did 
not vary between years in either sex (males, X2 
= 0.215; females, X2 = 0.616; comfort, drinking, 
and social behaviors accounted for less than 5% 
of the total time, so these behaviors were pooled 

TABLE 2. Activity budgets of male and female Lesser 
Snow Geese in relation to brood size. 

Brood Percent time spent in each activity 

size n Feeding Alert Motor Other 

Female 
1 37 85.2 3.3 6.4 5.1 
2 64 87.8 6.0 4.8 1.4 
3 72 83.8 5.2 5.8 5.2 
4 48 87.9 5.2 5.3 1.6 
5 12 75.7 8.5 8.5 7.3 

Male 
1 37 81.2 8.6 6.6 3.6 
2 64 82.9 10.6 5.7 0.9 
3 72 78.9 11.3 6.3 3.5 
4 48 79.5 12.2 6.0 2.2 
5 12 79.2 10.4 8.7 1.7 

with motor behavior). Therefore, data were 
pooled across years. 

In females, for brood sizes of one or more, 
the proportion of total time spent alert and time 
spent feeding were positively (r = 0.14, n = 239, 
P < 0.05) and negatively (r = -0.11, n = 239, 
P = 0.07) correlated with brood size, respec- 
tively (Table 2). Time spent in motor or other 
activities was not related to brood size (P > 
0.50). Females without goslings spent signifi- 
cantly more time feeding and less time in alert 
and other behaviors than females with one or 
more goslings (Table 1; X2 = 49.8, df = 2, P < 
0.001). With pairs without offspring included, 
the time spent alert and time spent feeding were 
more highly positively (r = 0.22, n = 253, P < 
0.001) and negatively (r = -0.18, n = 253, P < 
0.01) correlated with brood size, respectively. 
For individuals with goslings, the proportion 
of time spent alert was negatively correlated 
with time spent feeding (r = -0.535, P < 0.0001), 

TABLE 1. Activity budgets of male and female Lesser Snow Geese with and without broods. Values are 
percentages of total number of observations. 

Activity 

Year Sex n Feeding Alert Comfort Motor Drink Social 

With brood 
1991 M 147 80.1 10.7 1.6 6.2 1.2 0.2 
1991 F 147 84.2 5.6 3.1 5.5 1.5 0.1 
1992 M 92 81.5 11.1 0.3 6.0 1.1 <0.1 
1992 F 92 87.4 5.5 0.4 5.6 1.0 <0.1 

Without brood 
1992 M 14 92.3 2.2 0.0 5.5 0.0 0.0 
1992 F 14 94.9 0.9 0.0 4.0 0.2 0.0 
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TABLE 3. Adult mass and timing of molt (indicated by ninth-primary length) in relation to brood size at 
banding (BSB, 5-6 weeks posthatch), and timing of molt in relation to brood loss (number of goslings reared 
compared to number leaving the nest, GLN-BSB). Values are mean residuals (to correct for variation with 
year and date), with standard error and sample size. 

Adult mass (g) Ninth-primary length (mm) 

BSB X +SE (n) BSB X+SE (n) Loss X ? SE (n) 

Females 
0 -7.8 ? 10.9 (93) 0 3.25 ? 2.92 (64) 0 -1.55 ? 2.86 (73) 
1 12.7 ? 11.2 (151) 1 1.23 ? 2.50 (108) 1 -2.33 ? 2.36 (109) 
2 -4.4 ? 8.6 (230) 2 0.86 ? 1.78 (135) 2 2.34 ? 2.55 (65) 
3 -7.8 ? 6.7 (303) 3 -1.83 ? 1.79 (172) 3 2.07 ? 3.88 (38) 
4 8.5 + 9.7 (207) 4 -2.14 ? 2.39 (111) 4 5.78 ? 4.17 (25) 
5 5.1 ? 12.7 (85) 5 3.05 ? 3.87 (31) 

Males 
0 9.3 ? 26.6 (24) 0 15.53 ? 4.55 (15) 0 -3.49 ? 3.76 (39) 
1 17.1 ? 26.6 (48) 1 10.19 ? 4.27 (35) 1 -4.80 ? 2.77 (45) 
2 -12.1 ? 16.9 (96) 2 -1.33 ? 2.80 (60) 2 -4.75 ? 4.35 (34) 
3 4.6 ? 11.6 (133) 3 -2.99 ? 2.75 (71) 3 7.37 ? 5.59 (16) 
4 -9.5 + 15.0 (107) 4 -4.12 ? 2.37 (63) 4 12.61 ? 5.13 (12) 
5 11.7 ? 24.0 (45) 5 -2.92 ? 7.88 (13) 

but not with time spent in other behaviors (P 
> 0.30). 

In males, for brood sizes of one or more, there 
was no correlation between brood size and ei- 
ther proportion of total time spent alert or time 
spent feeding (Spearman rank, r = 0.09, n = 239 
and r = -0.06, n = 239, respectively; Table 2). 
Similarly, time spent in motor or other activities 
was not related to brood size (P > 0.50). How- 
ever, as for females, males without goslings 
spent significantly more time feeding and less 
time in alert and other behaviors than males 
with one or more goslings (Table 1; X2 = 62.7, 
df = 2, P < 0.001). If these pairs without off- 
spring were included, time spent alert and time 
spent feeding were significantly positively (r = 
0.18, n = 253, P < 0.01) and negatively (r = 
-0.14, n = 253, P < 0.05) correlated with brood 
size, respectively. For individuals with gos- 
lings, the proportion of time spent alert was 
negatively correlated with time spent feeding 
(r = -0.658, n = 239, P < 0.0001), but not with 
time spent in other behaviors (P > 0.20). 

Effect of female age on behavior.-For known- 
age females, using data on foraging behavior, 
there was no significant relationship between 
female age and either percentage time spent 
feeding (F = 0.07) or number of head-ups per 
minute (F = 0.13). If the foraging-behavior data 
were restricted only to known-age females, and 
female age was included as a variable in the 
model, both the behavioral variables were still 

significantly related to brood size (percentage 
time spent feeding, F = 5.19, df = 1,263, P < 
0.05; number of head-ups per minute, F = 9.56, 
df = 1,269, P < 0.01). 

Parental fitness and brood size. -Adult body mass 
at banding did not vary significantly with num- 
ber of offspring reared (BSB) in either males or 
females, either with pairs without offspring in- 
cluded (Table 3) or excluded (P > 0.70 in all 
cases). Similarly, adult mass was not related to 
brood loss (GLN-BSB) in either sex (P > 0.70 in 
all cases). 

There was no significant difference in the 
number of days between hatch and banding for 
different brood sizes (BSB), so we did not ex- 
plicitly control for this in subsequent analyses. 
Ninth-primary length decreased significantly 
with increasing BSB (for all brood sizes) in males 
(F = 13.41, P < 0.001) by an average 3.96 mm 
for each additional gosling (i.e. males with larg- 
er broods molted significantly later; Table 3). 
Primary length also decreased in females, by 
0.91 mm per additional gosling, but this was 
not significant (F = 1.74; Table 3). This rela- 
tionship remained significant in males if data 
were restricted to broods of one or more (3.51 
mm per gosling; F = 7.65, P = 0.006). For birds 
hatching four or more goslings, ninth-primary 
length increased significantly with increasing 
brood loss in males (4.01 mm per gosling lost, 
F = 6.28, P = 0.013), and this relationship ap- 
proached significance in females (2.27 mm per 
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TABLE 4. Effect of brood size at banding (BSB) on laying date, hatch date, clutch size, and probability of 
being re-encountered in the following year. Laying date, hatch date, and clutch size given as residuals 
from annual means and pooled over years; x ? SE (n). 

Percent 
Laying date Hatch date Clutch size re-encountereda 

Females 
1 0.47 ? 0.39 (17) -0.18 ? 0.28 (62) 0.17 ? 0.14 (62) 68.1 (160) 
2 -0.19 ? 0.45 (18) -0.27 ? 0.21 (93) 0.09 ? 0.12 (93) 68.5 (276) 
3 -0.44 ? 0.37 (27) -0.23 ? 0.19 (78) 0.31 ? 0.14 (78) 65.0 (257) 
4 -0.03 ? 0.57 (16) -0.50 ? 0.27 (56) 0.56 ? 0.17 (56) 64.6 (192) 
5b -0.71 ? 0.80 (8) 0.35 ? 0.40 (28) 0.27 ? 0.19 (28) 73.0 (74) 
6b _ - 83.3 (12) 

Males 
1 - -0.84 ? 0.43 (24) 0.00 ? 0.80 (24) 68.1 (47) 
2 - -0.32 ? 0.37 (33) 0.08 ? 0.17 (33) 71.7 (92) 
3 - -0.20 ? 0.30 (29) 0.17 ? 0.24 (29) 64.1 (92) 
4 - -0.30 ? 0.40 (28) 0.80 ? 0.23 (28) 70.4 (81) 
5b - 0.16 ? 0.72 (8) 0.52 ? 0.33 (8) 80.5 (41) 

In in parentheses. 
I Brood sizes 5 and 6 pooled for laying date, hatch date, and clutch size, as well as for return rate in males. 

gosling lost, F = 3.23, P = 0.071; Table 3); birds 
that had the greatest reduction in brood size 
molted significantly earlier. 

There was no significant difference in laying 
date (in females), or hatch date (in both sexes) 
in the following year, relative to the number 
of offspring reared the previous year (P > 0.20 
in all cases; Table 4). Residual mean clutch size 
increased with number of goslings reared the 
previous year in males (b = 0.22, F = 7.12, P = 
0.009); males rearing larger broods bred with 
females that laid larger clutches the following 
year. The relationship between clutch size and 
number of goslings reared was also positive in 
females (b = 0.09), but this relationship was not 
significant (F = 2.90, P = 0.09; Table 4). 

The probability of birds being re-encoun- 
tered in any subsequent year, up to four years 
after BSB, did not vary with number of goslings 
(BSB) reared in either males (X2 = 3.15, df = 4, 
P > 0.50) or females (X2 = 6.10, df = 5, P > 0.30; 
Table 4). Similarly, among those birds which 
were subsequently reencountered there was no 
difference in the probability of the bird being 
seen in the year following BSB compared to two 
or more years later, relative to BSB (males, X2 
= 3.79, df = 4, P > 0.40, females, X2 = 3.98, df 
= 5, P > 0.50); that is, there was no evidence 
that birds rearing larger broods were more like- 
ly to skip a breeding attempt. 

DISCUSSION 

Male and female Lesser Snow Geese had sig- 
nificantly different overall activity budgets dur- 

ing brood rearing at La Perouse Bay; males spent 
more time alert and less time feeding compared 
to females (although both sexes showed the same 
trends in behavior with respect to brood size). 
This sex difference in behavior clearly was re- 
lated to the presence or absence of offspring. In 
pairs without goslings, activity budgets did not 
differ between sexes. Several other studies sim- 
ilarly have shown that female geese spend more 
time feeding than males during brood rearing 
(Harwood 1977, Lazarus and Inglis 1978, Les- 
sells 1987) and that males spend more time in 
the alert, head-up posture (Black and Owen 
1989a, b, Sedinger and Raveling 1990). Sedinger 
and Raveling (1990) suggested that male Can- 
ada Geese (Branta canadensis) perform more 
brood defense and vigilance behavior so that 
their mates can spend more time feeding in 
order to recover body reserves lost during egg 
laying and incubation (Raveling 1979). Male 
Lesser Snow Geese spent more time in alert 
(vigilance) behavior than did females for each 
brood size (Table 1). This suggests that the role 
of male Lesser Snow Geese may actually be more 
important than that of females in brood defense 
and vigilance behavior. Martin et al. (1985) re- 
ported a rapid reduction in brood size of single 
parent females, and decreased gosling survival 
(in one year) in broods where the male was 
experimentally removed, compared to biparen- 
tal families. 

Foraging behavior of Lesser Snow Geese was 
significantly related to brood size in both sexes; 
birds adopted the alert (vigilant) posture more 
frequently with increasing brood size up to five 
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goslings and spent less time feeding with in- 
creasing brood size up to seven to eight gos- 
lings. We did not manipulate brood size to cre- 
ate experimentally enlarged broods; however, 
99.8% (n = 3,466) of broods encountered at 
banding comprised six or fewer goslings. In ad- 
dition, the relationship between parental be- 
havior and number of offspring existed over a 
limited range of smaller brood sizes (from one 
to five goslings). Data from overall activity bud- 
gets also were consistent with this result for 
females, although not significantly so for males. 
Females spent a greater proportion of total time 
alert and a lesser proportion of time feeding as 
brood size increased from one to five goslings. 
In males, although activity budgets did not vary 
significantly with number of goslings, the trends 
for male behavior and brood size were in the 
same direction as those for females. Rockwell 
et al. (1993) showed that older Lesser Snow Geese 
(seven or more years of age) had lower repro- 
ductive success and that this was partly due to 
increased rates of total brood failure. However, 
we found no difference in mean female age 
relative to brood size in our sample. In addition, 
among known-age birds there was still a sig- 
nificant positive relationship between vigilance 
behavior and brood size, and a significant neg- 
ative relationship between feeding behavior and 
brood size, controlling for female age. Schin- 
dler and Lamprecht (1987) similarly concluded 
that variation in parental behavior with increas- 
ing brood size was independent of female age 
in Bar-headed Geese. 

In females (and in males considering all in- 
dividuals), there was an inverse relationship 
between time spent alert and time spent feed- 
ing, but there was no systematic change in the 
amount of time spent in other activities. In- 
creases in the time spent in vigilance behavior, 
with increasing brood size, therefore, are not 
compensated for by changes in other nonfeed- 
ing behaviors. Movement (walking and swim- 
ming) and drinking comprised between 70 and 
95% of these other behaviors in male and female 
Lesser Snow Geese, respectively. Continuous 
movement is an integral part of the foraging 
strategy of geese because birds rapidly deplete 
food patches (Prop and Loonen 1988) and have 
to find new areas to graze. Regular drinking 
may also be essential in order to maintain water 
balance in this species which forages mainly on 
salt-marsh plants. Lesser Snow Geese, there- 
fore, may be unable to further reduce the amount 
of time they spend in these other activities, even 

though this would allow an increase in vigi- 
lance behavior while maintaining time spent 
feeding. 

In contrast to the present study, Lessells (1987) 
found no relationship between time spent feed- 
ing and brood size in Lesser Snow Geese at La 
Perouse Bay in an earlier year (1979). This dif- 
ference may reflect the long-term decrease in 
food availability (by up to 75%) that has oc- 
curred at La Perouse Bay over the last decade 
(Williams et al. 1993; although there were also 
some methodological and analytical differences 
between the two studies; C. M. Lessells pers. 
comm.). Parental behavior may now be con- 
strained by food availability and the adults own 
food requirements (Loonen et al. in prep.). 
Schindler and Lamprecht (1987) also found an 
increase in vigilance behavior and a decrease 
in time spent feeding in female Bar-headed 
Geese, but they found no such relationship in 
males. In contrast, for Canada Geese the per- 
centage of foraging periods spent in the alert 
posture was greater in males than females, and 
the proportional increase in vigilance behavior 
with increasing brood size was twofold greater 
in males. If pairs without offspring were ex- 
cluded, time spent alert increased with brood 
size in males but not in females (Sedinger and 
Raveling 1990). Several studies of precocial spe- 
cies, therefore, have now demonstrated a re- 
duction in time spent feeding by parental birds, 
usually as a consequence of increased vigilance 
behavior, with increasing brood size (see also 
Madsen 1981, Walters 1982, Schindler and Lam- 
precht 1987, Forslund 1993). 

Schindler and Lamprecht (1987) suggested 
that reduced feeding time in female Bar-headed 
Geese, with increasing brood size, might induce 
a slower, or incomplete, recovery of body con- 
dition following incubation, thus reducing fe- 
male fitness. However, the only studies to date 
that have investigated fitness consequences of 
brood size in precocial species are those of Roh- 
wer (1985), Lessells (1986), and Rohwer and 
Heusmann (1991). Female Canada Geese that 
reared experimentally enlarged broods had 
lower body mass at the end of the brood-rearing 
period, molted later, and laid eggs later the fol- 
lowing year, compared to those with smaller 
broods. However, there was no effect of brood 
size on overwinter survival or on clutch size in 
the following year (Lessells 1986). Rohwer (1985) 
found no relationship between female mass at 
the end of the rearing period and brood size in 
Blue-winged Teals (Anas discors), and adult fe- 
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male survival was not related to brood size in 
the Wood Duck (Aix sponsa; Rohwer and Heus- 
mann 1991). In Lesser Snow Geese, there was 
no correlation between brood size and adult 
mass five to six weeks posthatch, but males rear- 
ing larger broods molted later than those with 
small broods. The fact that birds (of both sexes) 
that lost goslings during brood rearing had sig- 
nificantly more advanced molt, compared to 
birds losing no goslings, suggests that delayed 
molt was directly related to the rearing of large 
broods. Forslund (1993) showed that in Barna- 
cle Geese parents responded immediately to a 
decrease in brood size by decreasing their vig- 
ilance time. Delayed onset of, or slower, molt 
may be disadvantageous in arctic-nesting geese 
because it reduces the length of the final feed- 
ing phase, between completion of molt and de- 
parture from the breeding grounds. This period 
may be critical in achieving the condition nec- 
essary to successfully complete migration (Prop 
et al. 1984, Owen and Black 1989). Nevertheless, 
male Lesser Snow Geese with brood sizes of five 
had ninth primaries that on average were only 
13 mm shorter than those with brood sizes of 
one. As primary feathers grow at a rate of 7 to 
8 mm per day in Lesser Snow Geese (Hanson 
and Jones 1976), the delay in completion of molt 
would only have been of the order of one to 
two days. This relatively small effect is consis- 
tent with the fact that we found no evidence 
for a negative effect of increasing brood size on 
the probability of return in the following year 
or any residual effect on timing of breeding the 
following year. In contrast, birds that reared the 
largest number of goslings laid significantly 
larger clutches the following year, suggesting 
that birds rearing the largest number of gos- 
lings were, in fact, "better-quality" birds. This 
is supported by the fact that the trends in return 
rate and timing of breeding with brood size also 
were positive rather than negative. Several pre- 
vious studies have suggested that larger brood 
sizes may actually be advantageous in geese 
(Lamprecht 1986, Gregoire and Ankney 1990, 
Williams in press). For example, in most species, 
family groups are maintained during the win- 
ter. Offspring contribute increasingly to vigi- 
lance behavior and assist in conflicts with 
neighbors throughout the winter, allowing an 
increase in adult feeding time (Black and Owen 
1989a, b). Thus, large brood sizes may enhance, 
rather than decrease, overwinter survival. Sim- 
ilarly, Prop et al. (1984) showed that larger 

broods were more dominant and tended to feed 
in the areas of highest food availability on the 
breeding grounds. 

In conclusion, parental behavior was signif- 
icantly related to the number of offspring reared 
in Lesser Snow Geese at La Perouse Bay; parents 
of larger broods spent less time feeding and 
more time in vigilance behavior. However, over 
the range of naturally observed brood sizes we 
found no evidence that this was negatively re- 
lated to parental fitness or future reproductive 
effort in this precocial species. We are aware of 
the difficulties of detecting true costs of repro- 
duction (sensu Lessells 1991); additional studies 
of parent-offspring behavior are required for 
precocial species, but these should measure both 
changes in parental behavior and the conse- 
quences of these changes to parental fitness. 

AcKNOWLEDGMENTS 

We thank all the people who helped with tower 
observations and data collection during this study, 
and the many people who have contributed to the 
LPB Snow Goose project since 1976. Kate Lessells pro- 
vided extensive comments on an earlier draft of this 
manuscript, and Rudi Drendt and Matthew Collins 
also provided useful comments. Lesser Snow Goose 
research at La Perouse Bay has been supported by the 
Natural Sciences and Engineering Research Council 
of Canada (NSERC), the Manitoba Department of Re- 
newable Resources, the Wildlife Management Insti- 
tute, the Canadian Wildlife Service, the Mississippi 
and Central Flyway councils, Ducks Unlimited and 
Ducks Unlimited Incorporated. T.D.W. was supported 
by an NSERC International Research Fellowship. 
M.J.J.E.L. received additional support from the Neth- 
erlands Foundation for Scientific Research in the Arc- 
tic. 

Ln1xAruRE CITED 

ALTMANN, S. A., S. S. WAGNER, AND S. LENNINGTON. 
1977. Two models for the evolution of polygyny. 
Behav. Ecol. Sociobiol. 2:397-410. 

BLACK, J. M., AND M. OWEN. 1989a. Agonistic be- 
havior in Barnacle Goose flocks: Assessment, in- 
vestment and reproductive success. Anim. Behav. 
37:199-209. 

BLACK, J. M., AND M. OWEN. 1989b. Parent-offspring 
relationships in wintering Barnacle Geese. Anim. 
Behav. 37:187-198. 

CLUTrON-BROCK, T. H. 1991. The evolution of pa- 
rental care. Princeton Univ. Press, Princeton, New 
Jersey. 

CLUTrON-BROCK, T. H., AND C. GODFRAY. 1991. Pa- 
rental investment. Pages 234-262 in Behavioral 
ecology: An evolutionary approach (J. R. Krebs 



July 1994] Fitness Consequences of Parental Behavior 571 

and N. B. Davies, Eds.). Blackwell Scientific Pub- 
lications, Oxford. 

CoocH, E. G., AND F. CooKE. 1991. Demographic 
changes in a snow goose population: Biological 
and demographic implications. Pages 168-189 in 
Bird population studies (C. M. Perrins, J-D. Le- 
breton, and G. J. M. Hirons, Eds.). Oxford Univ. 
Press, Oxford. 

COOKE, F., C. S. FINDLAY, R. F. ROCKWELL, AND J. A. 
SMrrH. 1985. Life-histories of the Lesser Snow 
Goose (Anser caerulescens). III. The selective value 
of plumage polymorphisms: Net fecundity. Evo- 
lution 39:165-177. 

COOKE, F., AND R. F. ROCKWELL. 1988. Reproductive 
success in a Lesser Snow Goose population. Pages 
237-250 in Reproductive success (T. H. Clutton- 
Brock, Ed.). Univ. Chicago Press, Chicago. 

DRENT, R. H., AND S. DAAN. 1980. The prudent par- 
ent: Energetic adjustments in avian breeding. Ar- 
dea 68:225-252. 

EBERHARDT, L. E., G. G. BROOKS, R. G. ANTHONY, AND 

W. H. RICKHARD. 1989. Activity budgets of Can- 
ada Geese during brood rearing. Auk 106:218- 
224. 

FORSLUND, P. 1993. Vigilance in relation to brood 
size and predator abundance in the Barnacle Goose 
Branta leucopsis. Anim. Behav. 45:965-973. 

GREGOIRE, P. E., AND C. D. ANKNEY. 1990. Agonistic 
behavior and dominance relationships among 
Lesser Snow Geese during winter and spring mi- 
gration. Auk 107:550-560. 

HANSON, H. C., AND R. L. JONES. 1976. The biogeo- 
chemistry of Blue, Snow and Ross' geese. Southern 
Illinois Univ. Press, Carbondale. 

HARWOOD, J. 1977. Summer feeding ecology of Less- 
er Snow Geese. J. Wildl. Manage. 41:48-55. 

HEGNER, R. E., AND J. C. WINGFIELD. 1987. Effects of 
brood-size manipulations on parental invest- 
ment, breeding success, and reproductive endo- 
crinology of House Sparrows. Auk 104:470-480. 

LACK, D. 1968. Ecological adaptations for breeding 
in birds. Chapman and Hall, London. 

LAMPREcHT, J. 1986. Structure and causation of the 
dominance hierarchy in a flock of Bar-headed 
Geese (Anser indicus). Behavior 96:28-48. 

LAZARUS, J., AND I. R. INGLIS. 1978. The breeding 
behavior of the Pink-footed Goose: Parental care 
and vigilant behavior during the fledging period. 
Behavior 65:62-88. 

LAZARUS, J., AND I. R. INGLIS. 1986. Shared and un- 
shared parental investment, parent-offspring 
conflict and brood size. Anim. Behav. 34:1791- 
1804. 

LESSELLS, C. M. 1986. Brood size in Canada Geese: 
A manipulation experiment. J. Anim. Ecol. 55: 
669-689. 

LESSELLS, C. M. 1987. Parental investment, brood 
size and time budgets: Behavior of Lesser Snow 
Goose families. Ardea 75:189-203. 

LESSELLS, C. M. 1991. The evolution of life histories. 
Pages 32-68 in Behavioural ecology: An evolu- 
tionary approach (J. R. Krebs and N. B. Davies, 
Eds.). Blackwell Scientific Publications, London. 

MADSEN, J. 1981. Post-hatching behavior of families 
and non-breeding Greenland White-fronted 
Geese. Pages 116-122 in Report of the 1979 Green- 
land White-fronted Goose Study Expedition to 
Edalungmiut Nunat, West Greenland (A. D. Fox 
and D. A. Stroud, Eds.). Aberystwyth, Wales. 

MARTIN, K., F. G. COOCH, R. F. ROCKWELL, AND F. 
CooKE. 1985. Reproductive performance in 
Lesser Snow Geese: Are two parents essential? 
Behav. Ecol. Sociobiol. 17:257-263. 

NUMERICAL ALGORrIMs GROUP. 1987. GLIM manual 
release 3.77. Numerical Algorithms Group, Ox- 
ford. 

NUR, N. 1984. The consequences of brood size for 
breeding Blue Tits: I. Adult survival, weight 
change and the cost of reproduction. J. Anim. 
Ecol. 53:479-496. 

OWEN, M., AND J. M. BLACK. 1989. Factors affecting 
the survival of Barnacle Geese on migration from 
the breeding grounds. J. Anim. Ecol. 58:603-617. 

PARTRIDGE, L. 1990. Lifetime reproductive success 
and life-history evolution. Pages 422-440 in Life- 
time reproduction in birds (I. Newton, Ed.). Ac- 
ademic Press, London. 

PERRINS, C. M. 1965. Population fluctuations and 
clutch size in the Great Tit Parus major L. J. Anim. 
Ecol. 34:601-647. 

PROP, J., AND M. J. J. E. LOONEN. 1988. Goose flocks 
and food exploitation: The importance of being 
first. Pages 1878-1887 in Acta XIX Congressus 
Internationalis Ornithologici (H. Ouellet, Ed.). 
Ottawa, Ontario, 1986. National Museum of Nat- 
ural Sciences, Ottawa. 

PROP, J., M. R. VAN EERDEN, AND R. H. DRENT. 1984. 
Reproductive success of the Barnacle Goose Bran- 
ta leucopsis in relation to food exploitation on the 
breeding grounds, western Spitzbergen. Norsk 
Polar. Skrift. 181:87-117. 

RAVELING, D. G. 1979. The annual cycle of body 
composition of Canada Geese with special ref- 
erence to control of reproduction. Auk 96:234- 
252. 

ROCKWELL, R. F., E. G. COOCH, C. B. THOMPSON, AND 
F. COOKE. 1993. Age and reproductive success 
in female Lesser Snow Geese: Experience, senes- 
cence and the cost of philopatry. J. Anim. Ecol. 
62:323-333. 

ROHWER, F. C. 1985. The adaptive significance of 
clutch size in prairie ducks. Auk 102:354-361. 

ROHWER, F. C., AND H. W. HEUSMANN. 1991. Effects 
of brood size and age on survival of female Wood 
Ducks. Condor 93:817-824. 

SAS INSTITUTE. 1990. SAS user's guide: Statistics, ver- 
sion 6. SAS Institute, Inc., Cary, North Carolina. 

SCHINDLER, M., AND J. LAMPRECHT. 1987. Increase of 



572 WILLIAMS, LooNEN, AND COOKE [Auk, Vol. 111 

parental effort with brood size in a nidifugous 
bird. Auk 104:688-693. 

SEDINGER, J. S., AND D. G. RAVELING. 1988. Foraging 
behavior of cackling Canada Goose goslings: Im- 
plications for the roles of food availability and 
processing rate. Oecologia 75:119-124. 

SEDINGER, J. S., AND D. G. RAVELING. 1990. Parental 
behavior of Cackling Canada Geese during brood 
rearing: Division of labor within pairs. Condor 
92:174-181. 

TRIvERs, R. L. 1972. Parental investment and sexual 
selection. Pages 136-179 in Sexual selection and 
the descent of man 1871-1891 (B. Campbell, Ed.). 
Aldine Press, Chicago. 

WALTERS, J. R. 1982. Parental behavior in Lapwings 

(Charadriidae) and its relationship with clutch 
size and mating systems. Evolution 36:1030-1040. 

WILLLAMS, G. C. 1966. Natural selection, the costs of 
reproduction, and a refinement of Lack's prin- 
ciple. Am. Nat. 100:687-690. 

WILLIAMS, T. D. 1994. Adoption behavior in a pre- 
cocial species, the Lesser Snow Goose: Intergen- 
erational conflict, altruism or a mutually-bene- 
ficial strategy? Anim. Behav. In press. 

WILLIAMS, T. D., E. G. COOCH, R. L. JEFFERIES, AND F. 
CooKE. 1993. Environmental degradation, food 
limitation and reproductive output: Juvenile sur- 
vival in Lesser Snow Geese. J. Anim. Ecol. 62: 
766-777. 


	Article Contents
	p. 563
	p. 564
	p. 565
	p. 566
	p. 567
	p. 568
	p. 569
	p. 570
	p. 571
	p. 572

	Issue Table of Contents
	The Auk, Vol. 111, No. 3 (Jul., 1994), pp. 507-785
	Front Matter
	Evolution into the Andes: Molecular Evidence for Species Relationships in the Genus Leptopogon [pp. 507-515]
	Intrapopulation Variation in Hatching Synchrony in House Wrens: Test of the Individual-Optimization Hypothesis [pp. 516-524]
	Growth and Energetics of Tern Chicks from Temperate and Polar Environments [pp. 525-544]
	Geographic and Seasonal Patterns of Clutch-Size Variation in House Wrens [pp. 545-555]
	Seasonal and Diurnal Patterns of Singing and Song-Flight Activity in Bluethroats (Luscinia svecica) [pp. 556-562]
	Fitness Consequences of Parental Behavior in Relation to Offspring Number in a Precocial Species: The Lesser Snow Goose [pp. 563-572]
	Mitochondrial-DNA Polymorphism in the Oilbird (Steatornis caripensis, Steatornithidae) in Venezuela [pp. 573-578]
	Nocturnal Foraging Behavior of Breeding Piping Plovers (Charadrius melodus) in New Jersey [pp. 579-587]
	Territory-Size Regulation in Black-Shouldered Kites [pp. 588-595]
	Development of Vocal Regulation of Temperature by Embryos in Pipped Eggs of Ring-Billed Gulls [pp. 596-604]
	Site Selection by Migratory Shorebirds in Delaware Bay, and Its Relationship to Beach Characteristics and Abundance of Horseshoe Crab (Limulus polyphemus) Eggs [pp. 605-616]
	Breeding Patterns of Eastern Phoebes in Kansas: Adaptive Strategies or Physiological Constraint? [pp. 617-633]
	Individual and Species Preference in Two Passerine Birds: Auditory and Visual Cues [pp. 634-642]
	Ecology of the Folivorous Hoatzin (Opisthocomus hoazin) on the Venezuelan Plains [pp. 643-651]
	Cause and Effect in Population Declines of Migratory Birds [pp. 652-660]
	Mitochondrial-DNA and Nuclear-Gene Differentiation in North American Prairie Grouse (Genus tympanuchus) [pp. 661-671]
	Interspecific Defense of Pasture Trees by Wintering Yellow Warblers [pp. 672-682]
	Flight Morphology, Energetic Condition, and the Stopover Biology of Migrating Thrushes [pp. 683-692]
	Intraspecific and Geographical Trends in Body Size of a Differential Migrant, the Evening Grosbeak [pp. 693-702]
	Short Communications and Commentaries
	Serrate Tomia: An Adaptation for Nectar Robbing in Hummingbirds? [pp. 703-710]
	Divergence in the Mitochondrial DNA of Empidonax traillii and E. alnorum, with Notes on Hybridization [pp. 710-713]
	Supplementary Food in the Nestling Phase Affects Reproductive Success in Pied Flycatchers (Ficedula hypoleuca) [pp. 714-716]
	Allozyme Phylogeny of Spheniscus Penguins [pp. 716-720]
	Winter Body Mass and Overnight Energetics of a South Temperate Passerine [pp. 721-723]
	Sexual Size Dimorphism, Mate Choice, and Productivity of Burrowing Owls [pp. 724-727]
	Male Yellow Warblers Vary Use of Song Types Depending on Pairing Status and Distance from Nest [pp. 727-729]
	Different Responses to Different Song Types in American Redstarts [pp. 730-734]
	Response of Male Brown-Headed Cowbirds to Broadcast of Complete or Partial Flight Whistles [pp. 734-739]
	Extrapair Paternity and Intraspecific Brood Parasitism in Eastern Bluebirds Revealed by DNA Fingerprinting [pp. 739-744]
	Impact of Interspecific Aggression and Herbivory by Mute Swans on Native Waterfowl and Aquatic Vegetation in New England [pp. 744-748]
	Siblicide and Cannibalism at Northern Goshawk Nests [pp. 748-750]
	Gastroduodenal Motility and Glandular Stomach Function in Young Ostriches [pp. 750-755]
	Hummingbirds Eating Ashes [pp. 755-756]
	Habitat-Specific Nutritional Condition in Loggerhead Shrikes (Lanius ludovicianus): Evidence from Ptilochronology [pp. 756-759]
	Influence of Abiotic Factors on Preroosting Behavior of Greylag Geese (Anser anser) [pp. 759-764]
	Does the Early Common Raven Get (and Show) the Meat? [pp. 764-769]
	The Known Birds of North and Middle America versus the Current AOU List [pp. 770-773]
	Old-School Taxonomy versus Modern Biosystematics: Species-Level Decisions in Stelgidopteryx and Empidonax [pp. 773-780]

	Reviews
	Review: untitled [p. 781]
	Review: untitled [pp. 781-782]
	Review: untitled [pp. 782-783]
	Review: untitled [pp. 783-784]
	Review: untitled [pp. 784-785]

	Back Matter



