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BODY-SIZE VARIATION AND FITNESS COMPONENTS 
IN LESSER SNOW GEESE 

(CHEN CAERULESCENS CAERULESCENS) 

J. CHRIS DAVIES,"3 R. F. ROCKWELL,2 AND FRED COOKE' 

'Department of Biology, Queen's University, Kingston, Ontario K7L 3N6, Canada, and 
2Department of Biology, City College of New York, New York 10031 USA, and 

Department of Ornithology, American Museum of Natural History, 
Central Park West at 79th Street, New York, New York 10024 USA 

ABsTRAcT.-We examined the potential action of selection on body size in a population of 
Lesser Snow Geese (Chen caerulescens caerulescens) breeding in the Canadian subarctic. We 
evaluated the genetic basis of phenotypic variation in body size and examined the association 
of body size and components of fitness related to fecundity and viability. There was a heritable 
component to body size in this population derived in part from the action of additive genes. 
There was no relation between adult body size and the number of eggs laid, the number of 
eggs surviving predation, the number of goslings that left the nest, or the number of 
goslings fledged. Small birds entered the breeding population at a younger age. They did so 
with no reduction in viability and may actually live longer than large birds. The heritable 
variation in body size combined with the directional selection gradient should lead to a 
gradual reduction in adult body size in this population. We found no evidence for such a 
change over 5 generations. We discuss this in terms of additional fitness components, the 
retarding effects of age structure on the response to selection, and the interaction of selection 
and gene flow. Received 6 October 1987, accepted 8 May 1988. 

NATURAL selection acts on phenotypic vari- 
ation. If that variation has no genetic compo- 
nent, there will be no lasting evolutionary ef- 
fect (Mayr 1963, Lewontin 1974, Arnold and 
Wade 1984, Endler 1986; but, see also Cavalli- 
Sforza and Feldman 1981). This has led evolu- 
tionary biologists to study traits that have 
measurable phenotypic variation, a genetic 
component of that variation, and some influ- 
ence on one or more fitness components. Many 
traits (e.g. body size and plumage coloration) 
are not direct estimates of fitness but covary 
with various components of fitness (Arnold and 
Wade 1984, Endler 1986). For these traits, it is 
important that all fitness components be con- 
sidered because the relationship between a giv- 
en trait and different fitness components may 
not be of the same magnitude or direction. An 
increase in body size, for example, could posi- 
tively affect fecundity but negatively affect sur- 
vival (Prout 1971). 

3Present address: Ontario Ministry of Natural Re- 
sources, Box 190, Moosonee, Ontario POL 1YO, Can- 
ada. 

Body size has measurable phenotypic varia- 
tion (Darwin 1859, Bumpus 1899, Semler 1971, 
Whitney and Krebs 1975, Trivers 1976, Davies 
and Halliday 1977, Wilbur et al. 1978, Birkhead 
and Clarkson 1980, Ryan 1980, Arak 1983, Petrie 
1983, Verrell 1983). In wild bird populations, 
that variation can have a genetic component 
(Boag and Grant 1978, Smith and Zach 1979, 
van Noordwijk et al. 1980, Boag 1983). Avian 
body size can influence a number of fitness com- 
ponents. Boag and Grant (1981) found that large 
adult Darwin's finches (e.g. Geospiza fortis) have 
high survival during periods of prolonged 
drought. This high survival of large adult Dar- 
win's finches may be balanced by a high sur- 
vival rate of small juveniles (Price and Grant 
1984). Petrie (1983) found that small fat male 
and large female Common Moorhens (Gallinula 
chloropus) had the highest fecundity in her study 
population. Lessells (1982) found a positive cor- 
relation between male body size and clutch size 
in Canada Geese (Branta canadensis). Ankney and 
Maclnnes (1978) presented evidence for a pos- 
itive relationship between female body size and 
fecundity in Lesser Snow Geese (Chen caerules- 
cens caerulescens). 

639 The Auk 105: 639-648. October 1988 
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Fig. 1. Fitness components measured in body-size 
study of Lesser Snow Geese. 

Unfortunately, while body-size variation of 
birds has a genetic basis and while body size 
may influence individual fitness, most studies 
have been unable to evaluate both issues. Some 
have dealt only with the genetic component 
(Smith and Zach 1979, van Noordwijk et al. 1980, 
Dhondt 1982, Moss and Watson 1982); others 
have addressed only potential fitness effects 
(Fretwell 1969, Jehl 1970, Johnston et al. 1972, 
Ankney and MacInnes 1978, Petrie 1983). Un- 
less both are considered, it is not possible to 
evaluate the evolutionary consequences of se- 
lection (Endler 1986). We examined both ge- 
netic variation and fitness associated with adult 
body size in a wild population of Lesser Snow 
Geese. 

METHODS 

Study species.-The Lesser Snow Goose is a dichro- 
matic subspecies that nests throughout arctic North 
America. The La Perouse Bay colony is located 40 km 
east of Churchill, Manitoba (58?4'N, 94?4'W). It is part 
of the Foxe Basin/Hudson Bay population that shares 
a migration route down the Mississippi valley and 
wintering area along the Texas and Louisiana coast 
(Dzubin et al. 1973). Lesser Snow Geese are monog- 
amous for life. Pairing occurs on the wintering area 
or during spring migration, and females return (with 
their mates) to their natal colony to breed. Because 
La Perouse Bay is a relatively small colony, the vast 
majority of breeding males at La Perouse Bay come 
from other colonies, resulting in substantial gene flow 
into La Perouse Bay (Cooke et al. 1975, Rockwell and 
Cooke 1977). Geese arrive at La Perouse Bay at the 
start of spring thaw and nest as soon as sites are avail- 
able (Abraham 1980a). Clutch size ranges from 1-7 
eggs, averaging approximately 4 (Rockwell et al. 1987). 
Nests were monitored from egg laying to hatching 
and each gosling received a uniquely numbered web 
tag allowing individuals to be matched with nests 
and parents. 

Approximately 4 weeks after the hatching period, 
we captured and banded up to 6,000 goslings and 

adults. This was just prior to fledging of the goslings 
and during the adult remigial molt. Because the ma- 
jority of nonbreeding adults, prebreeders, and nest- 
failed birds are thought to leave the colony in late 
June and migrate north to molt (Abraham 1980b), 
most birds captured each year are successful breeders 
and their goslings. All unbanded adults and female 
goslings received a wildlife service band and an al- 
phanumeric color band allowing the birds to be iden- 
tified individually. About one-fifth of all birds cap- 
tured each year were previously captured and banded 
at La Perouse Bay. Every recaptured bird from 1978 
to 1981 had bands, sex and plumage color recorded 
and was also weighed and measured. 

We could not identify family groups in the large 
flocks captured at banding. We identified pairs from 
observations of individually marked birds either at 
the nest or on the post-hatch feeding areas. Offspring 
were measured when they returned to breed at La 
Perouse Bay. 

Body size.-We measured 4 characters on each re- 
captured bird: (1) Mass-birds were weighed to the 
nearest 10 g on a spring scale (cap. 6,000 g) which 
was checked periodically against a known mass; (2) 
Culmen-we measured the culmen from the tip of 
the bill to the start of the feather tract on the forehead 
even if feathers were missing; (3) Head length (head)- 
we measured the distance from the tip of the bill to 
the top of the occipital process on the back of the 
head; and (4) Tarsus length (tarsus)-the leg was flexed 
at the bottom of the crus and at the top of the web. 
Tarsus is the total length from the bottom of the crus 
to the web. Culmen, head, and tarsus were measured 
to the nearest 0.1 mm with vernier calipers. 

We used Principal Component Analysis to combine 
these measurements and extract a single derived vari- 
able, the first principal component (PC1). For highly 
correlated variables, PC1 usually explains most of the 
variance and is commonly used as an index of overall 
body size (Jolicoeur and Mosimann 1960, Schnell 1970, 
Johnston et al. 1972, Baker 1975, Gibson et al. 1976, 
Ricklefs and Travis 1980, Boag 1983). Manly (1986) 
provides a particularly lucid discussion. At La Perouse 
Bay, PC1 accounted for 68% of the total variance of 
the 4 separate measurements. The measurements con- 
tributed positively and equally to PC1 with specific 
loadings of mass (0.84), culmen (0.80), head (0.88) and 
tarsus (0.78). 

Fitness components. -We evaluated the fitness of var- 
ious body-size classes with a general compartment 
model (Cooke et al. 1985, Rockwell et al. 1987). The 
model corresponds to the life cycle of the Lesser Snow 
Goose and successive life stages are used to estimate 
the fitness components (Fig. 1). We examined the 4 
annual fecundity components defined in Cooke et al. 
(1985): (1) Total clutch laid (TCL)-the total number 
of eggs laid in a nest. It was only available for those 
nests found at the 1-egg stage, checked daily during 
laying, and monitored through to hatch. (2) Clutch 
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TABLE 1. Intrapair correlations for 5 indicators of 
body size for adult Lesser Snow Geese at La Perouse 
Bay. 

r P n 

Mass 0.24 <0.001 436 
Culmen 0.11 0.01 436 
Head 0.20 <0.001 307 
Tarsus 0.12 0.02 311 
Pci 0.26 <0.001 307 

size at hatch (CSH)-the number of eggs in a nest 
when at least 1 egg had reached the hatching stage. 
This value was less than or equal to TCL with loss 
due to partial depredation of the clutch. (3) Goslings 
leaving nest (GLN)-the number of goslings known 
to have left the nest after hatch. This value was less 
than or equal to CSH, with losses due to infertile or 
rotten eggs, and abandoned eggs or goslings. (4) Brood 
size at fledging (BSF)-the number of web-tagged 
goslings that survived to banding from broods in 
which all members were web-tagged. To reduce the 
confounding influence of post-hatch fostering, BSF 
was recorded only if at least 1 banded parent was 
captured in the same banding drive as the tagged 
gosling(s). 

The viability components of this species were de- 
scribed by Rockwell et al. (1985). We used 2 of the 4 
they identified, "the age of first breeding" and "adult 
annual survival." The data were collected on adult 
breeding birds and could not be used to evaluate the 
influence of body size on viability prior to breeding 
age. 

RESULTS 

Heritability.-Estimation of heritability from 
resemblance between relatives assumes, among 
other things, that mating is random. The effect 

of violating this assumption varies with the es- 
timation procedure (Bulmer 1980, Falconer 
1981). Nonrandom mating has little effect on 
heritability values estimated from the regres- 
sion of offspring on parental means (mid-parent 
values). Heritability estimates based on single 
parent-offspring regressions are more seriously 
affected by nonrandom mating. Positive assort- 
ment inflates the estimates and negative as- 
sortment reduces them (Bulmer 1980). To cor- 
rect for any such bias, we estimated the 
phenotypic correlation between mating pairs 
for all 5 indicators of size. While all measures 
were not collected for each pair, the results (Ta- 
ble 1) were consistent for the 5 indicators. In 
each case, there was a weak but significantly 
positive correlation between members of a pair. 

A total of 96 female offspring, for which the 
size of at least 1 parent was known, were mea- 
sured as adults between 1978 and 1981. We 
assumed that the sample was not biased by un- 
der- or overrepresentation of any type of par- 
ent-daughter pair, size-specific mortality with- 
in families, and size-specific loss of parents. 
Heritability was estimated from mother-daugh- 
ter, father-daughter and mid-parent-daughter 
pairs with standard regression procedures (Bul- 
mer 1980, Falconer 1981; Table 2). Single par- 
ent-offspring regression estimates were cor- 
rected for assortative mating using correlation 
coefficients (Table 1). To our knowledge, this is 
the first example of a wild population where 
correction for nonrandom mating has been pos- 
sible. The standard errors of the single parent- 
offspring heritabilities were twice the errors of 
their respective regression coefficients. There 
were no significant differences between the 
three heritabilities calculated for each of the 5 

TABLE 2. Heritability (h2) estimates for 5 indicators of body-size variation in Lesser Snow Geese at La Perouse 
Bay, Manitoba. All values are shown with ? 1 SE. The sample sizes are in parentheses. 

Body-size 
measure- Mother- 

ment daughtera Father-daughter Mid-parent-daughterb *c 

Mass 0.27* ? 0.12 (92) 0.94* ? 0.28 (46) 0.73* ? 0.20 (42) 0.58 
Culmen 0.46* ? 0.11 (92) 0.20 ? 0.23 (46) 0.23 ? 0.18 (42) 0.36 
Head length 0.38 ? 0.23 (52) 0.38 ? 0.29 (17) 0.40 ? 0.33 (16) 0.35 
Tarsus 0.62* ? 0.29 (54) 0.53 ? 0.21 (17) 0.42* + 0.17 (16) 0.68 
PCi 0.48* ? 0.17 (52) 0.38 ? 0.29 (17) 0.40 ? 0.22 (16) 0.44 

2x 
h2 = 1+y where x = regression coefficient, and y = correlation between parents (Table 1). 

1 + y 
bh2= 2x. 
c These are sample-size weighted means of the preceding 3 estimates. 
'Estimate differs from 0 at P < 0.05. The x values were not tested. 
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Fig. 2. Distribution of the 4 fecundity variables 
for different size categories of breeding female and 
male Lesser Snow Geese. Sample sizes and 1 SE are 
indicated. 

body-size indicators and weighted averages are 
presented. 

Fitness measures (fecundity). -Males and fe- 
males were each divided into 3 size classes. Me- 
dium birds were within half a SD of the mean, 
large birds were above this, and small birds 
were below. With this procedure, the 3 classes 
had equal sample sizes. Data were limited to 
nests where the female was at least 4 years old 
to remove age effects on clutch size (Finney and 
Cooke 1978, Rockwell et al. 1983). Data were 
pooled over years due to small sample sizes. 
The relationships between size and the 4 fe- 
cundity components are depicted in Fig. 2. We 
detected no significant differences among the 
size classes for any of the components. 

Cooke and Davies (1983) presented prelimi- 
nary results suggesting that certain types of pairs 
(e.g. large male with large female) had higher 
fecundity. We repeated those analyses with a 
much larger sample (Fig. 3) but found no sig- 
nificant effect of pair type on the fecundity com- 
ponents. The difference between the 2 studies 

likely reflects the increased sample size now 
available. 

Fitness components (viability). -Data are from 
adult birds that returned to the La Perouse Bay 
colony to breed. These birds were captured and 
marked individually as goslings, and also were 
recaptured and measured as adults. Both steps 
have a low probability and the sample sizes 
were limited. Older age classes were pooled to 
maintain adequate sample size. The lack of male 
natal philopatry restricted the analyses to fe- 
males. 

The average size of females breeding at La 
Perouse Bay increased up to the age of 4, and 
then did not change (Fig. 4). For birds measured 
more than once, we used only one randomly 
selected set of measurements in this analysis. 
There are 3 potential explanations for the shape 
of this curve: first, incomplete growth with 
breeding birds continuing to grow to the age 
of 4; second, size-specific, age-dependent mor- 
tality such that small females have a higher 
mortality than large females at the ages of 2 and 
3; finally, differential age of first breeding with 
small birds starting to breed at an earlier age. 

We investigated incomplete growth with a 
subsample of birds captured once as two-year- 
olds and again when older. If females continued 
to grow until age 4, their size would increase 
between captures. We evaluated this with a 
paired t-test but found no significant difference 
in size (t = 0.90, n = 45). Birds did not change 
in size after first breeding as two-year-olds. 

To examine differential size dependent mor- 
tality, we sorted each female age class into our 
3 size categories. Females were also classified 
as to whether they returned to La Perouse Bay 
the following breeding season. The complete 
set of measured females was used and some 
birds occur more than once in the analysis. The 
analysis assumes that the probability that a fe- 
male is seen, given she returned and bred 1 yr 
later, is independent of body size, and that the 
frequency of return was related to differential 
mortality rather than factors such as breeding 
propensity. 

The data (Table 3) were evaluated for the in- 
fluence of size and age on female return with 
Multidimensional Contingency Analysis 
(MDCA). Return rate depended on unique com- 
binations of age and size as indicated by the 
significant 3-factor term in the MDCA (Table 
4). We evaluated the nature of this interaction 
by examining the dependency of return rate on 
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Fig. 3. Distribution of the 4 fecundity components for different pair-size categories of Lesser Snow Geese. 
Sample sizes and 1 SE are indicated. 

size for each age group (Rockwell et al. 1987). 
Size had no effect on the rate of female return 
for age classes 2-6. In the oldest age class, com- 
prised of individuals 7 and older, there was a 
significant effect of size on return rate (log ratio 
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Fig. 4. The relationship between mean female 
body size, estimated by PC1, and age for Lesser Snow 
Geese breeding at La Perouse Bay. Error bars indicate 
? 1 SE. The horizontal spans a set of age classes that 
do not differ significantly from each other (Scheffe's 
multiple range test). PCi values below 0 reflect that 
females are smaller on average than males. Sample 
sizes for the 7 age classes were, respectively: 232, 205, 
160, 121, 89, 69, and 96. 

X2 = 15.31, df = 2, P < 0.001). For these older 
females, this resulted from an excess of small 
females and a paucity of large females that re- 
turned to the colony to breed. Overall, this anal- 
ysis indicated that the increase in average fe- 
male size through age 4 was not the result of 
higher mortality of small birds. In fact, there 
was evidence that small birds live longer. 

There was a significant influence of age on 
the distribution of small, medium, and large 
birds in each of the age classes (log ratio X2 = 

86.42; df = 12; P < 0.0001). The first 2 age classes 
were composed predominantly of small and 
medium-sized birds (Fig. 5). We have shown 
above that the increase in average size was not 
due to either growth or size dependent mor- 
tality. It is, therefore, most likely that the in- 
crease in average size (Fig. 4) resulted from small 
birds starting to breed at an earlier age than 
large birds. 

DISCUSSION 

A proportion of the phenotypic variation in 
body size of Lesser Snow Geese is due to ge- 
notypic differences among members of the pop- 
ulation. Our estimates of the proportion are 
similar to those obtained for populations of oth- 



644 DAVIES, ROCKWELL, AND COOKE [Auk, Vol. 105 

TABLE 3. Recurrence of female Lesser Snow Geese 1 
year after being measured (1978-1981). Individuals 
were cross-classified by size, age, and return record. 

Female size 

Small Medium Large 

Not Not Not 
Age Seen seen Seen seen Seen seen 

2 43 70 31 33 13 20 
3 21 59 25 60 25 35 
4 13 31 27 52 31 36 
5 7 24 17 38 18 40 
6 6 17 14 20 11 31 
7+ 15 23 12 65 6 65 

er bird species (Brooke 1977, Boag and Grant 
1978, Smith and Zach 1979, van Noordwijk et 
al. 1980, Garnett 1981, Dhondt 1982, Lessells 
1982, Moss and Watson 1982, Boag 1983). It is 
important to realize that non-zero heritabilities 
do not necessarily demonstrate additive genetic 
variance and that estimates may not accurately 
reflect true population parameters (Boag 1987). 
Heritability estimates can be influenced by sev- 
eral factors which often cannot be controlled or 
measured in field studies. These include com- 
mon environment effects, genotype-environ- 
ment interactions, and assortative mating. We 
have corrected for assortative mating and can 
examine the potential impact of the others in 
this population. 

Females hatched at La Perouse Bay return as 
breeders to their natal nesting and feeding areas 
within the colony (Abraham 1980a, Cooke and 
Abraham 1981). Both mothers and daughters 
may have been hatched, grown, and fledged in 
the same portion of the colony. Since the ma- 
jority of growth occurs at the natal colony, with 
goslings reaching over 80% of their adult size 
before migrating south (Davies and Dzubin un- 
publ. data), the size resemblance of mothers and 
daughters may reflect a common environment 
as well as shared genes (Falconer 1981). 

To examine the potential bias of such a com- 
mon environmental effect, we compared the 
regressions of mothers and daughters to those 
of fathers and daughters. Pair formation occurs 
away from the breeding colony and because La 
Perouse Bay is small relative to the total win- 
tering population, most breeding males at La 
Perouse Bay are immigrants (Cooke et al. 1975). 
As a result, father-daughter regressions cannot 
be affected by a common environment at La 

TABLE 4. Multidimensional Contingency Analysis 
shows that return rate, as a measure of survival (see 
Table 3), depends on unique combinations of size 
and age. The significant term (resight x size x age) 
is a result of small, old females returning at a higher 
rate than large, old females. 

Log- 
ratio 

Effect df x2 P 

Resight x size 2 0.95 0.9913 
Resight x age 5 32.60 <0.0001 
Resight x size x age 10 27.11 0.0025 

Perouse Bay. While fathers and daughters could 
share migration and wintering area, most 
growth is completed before migration south and 
the common fall and wintering environments 
probably have little effect on final body size. 
The lack of significant differences between the 
father-daughter and mother-daughter esti- 
mates suggests that common environment be- 
tween mother and daughter at La Perouse Bay 
is not a major contributor to heritability of body 
size in this population. 

Genotype-environment interactions result 
when a specific environment has differing ef- 
fects on a set of genotypes. Davies (1985) showed 
a significant contribution of cohort to body-size 
variation in Lesser Snow Geese (Fig. 6). This 
effect was due mainly to a very large-bodied 
1971 cohort. Finney and Cooke (1978) suggested 
1971 was an exceptional year for goslings at La 
Perouse Bay. This and the reduced range of the 
body-size distribution for the 1971 cohort sug- 
gest the action of a threshold-like genotype- 
environment interaction. In parent-offspring 
regression methods, such interaction may bias 
the heritability estimate (Bulmer 1980). 

We believe that there is a heritable compo- 
nent to body-size variation in this population 
which is consistent for all 5 indicators of body 
size. While the absolute values may be contam- 
inated by some estimation artifacts, the con- 
cordance across the 3 procedures, particularly 
given the different ways they should be affected 
by such artifacts, suggests that a substantial pro- 
portion of the estimated heritability reflects the 
transmission and segregation of genes with ad- 
ditive effects on body size. 

Body size has no direct effect on any fecun- 
dity components in Lesser Snow Geese at La 
Perouse Bay. This is contrary to the findings of 
Ankney and MacInnes (1978) who argued that 
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Fig. 5. The frequency distribution of small (S), 
medium (M), and large (L) females in each of the 7 
age categories. 

large females laid large clutches. Their conclu- 
sion was based on the argument that since fe- 
male arrival body mass was positively related 
to both potential clutch size (measured as the 
number of developing follicles [Ankney 1974]) 
and body size (measured by culmen), clutch size 
and body size should also be positively related. 
Ankney and MacInnes did not examine the re- 
lationship between body size and clutch size 
directly, but inferred it from the other 2 rela- 
tionships. While such an inference is not nec- 
essarily true, our analysis of their raw data 
(kindly supplied by C. D. Maclnnes) shows such 
a positive correlation. 

One explanation for the conflicting results is 
a difference in age structure in the 2 studies. 
Ankney and MacInnes worked with an un- 
banded population of Snow Geese and the age 
structure of their sample was unknown. Our 
evidence suggests that small birds breed at an 
earlier age than large birds. If this were true for 
the birds collected by Ankney and MacInnes, 
the small birds in their sample might also have 
been, on average, young birds. Since young birds 
lay smaller clutches (Finney and Cooke 1978, 
Rockwell et al. 1983), the correlation between 
clutch size and body size found by Ankney and 
MacInnes could be a result of the younger av- 
erage age of small birds in their sample. 

To examine this, we reevaluated our data. 
Rather than limiting the fecundity analyses to 
females aged 4 and older (see above), we in- 
cluded all females, regardless of age. We found 
significant, but weak, positive correlations be- 
tween body size (measured as PC1) and all fe- 
cundity components (TCL r = 0.21, CSH r = 
0.26, GLN r = 0.24, BSF r = 0.28). This contrasts 
with our age-controlled analyses and with cor- 
relations using only females aged 4 and greater. 
It supports the contention that the results of 
Ankney and MacInnes may reflect the dispro- 
portionate inclusion of small, young individ- 
uals. We conclude that size per se does not di- 
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Fig. 6. Female body size for 8 cohorts of Lesser 
Snow Geese breeding at La Perouse Bay between 1977 
and 1982. The horizontal joins cohorts which are not 
significantly different from each other (Scheffe's mul- 
tiple range test). 

rectly influence annual fecundity in Lesser Snow 
Geese. 

The increased probability of small birds 
breeding at a younger age can be explained by 
at least 2 mechanisms. First, there may be some 
intrinsic advantage associated with small body 
size that allows small birds to breed earlier than 
large individuals. Female Lesser Snow Geese 
rely on stored nutrient reserves for egg laying 
and incubation and must accumulate these re- 
serves during the spring migration (Ryder 1970, 
Ankney and MacInnes 1978). Small birds have 
lower standard metabolic rates and flight costs 
than large birds (Kendeigh 1972) and require 
smaller nutrient reserves for existence and mi- 
gration. If experience is important in allowing 
Lesser Snow Geese to obtain sufficient nutrient 
reserves for breeding, as has been shown for 
Canada Geese (Aldrich and Raveling 1983), small 
young individuals may be better able to acquire 
the required amounts. 

Second, small birds may be small because they 
bred as two-year-olds. It is possible that before 
a female Lesser Snow Goose has completed 
growth, she switches energy from somatic 
growth to development of the reproductive sys- 
tem. By doing this, she is able to breed as a two- 
year-old but remains a small member of the 
population. The equivalent and possibly in- 
creased survival of small birds is particularly 
intriguing in view of this mechanism. Unfor- 
tunately, distinguishing between these alter- 
natives requires growth curves for individuals 
from fledging to age of first breeding. These are 
not easily obtained from a wild population. 
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There is a heritable component to body-size 
variation in Lesser Snow Geese, and there is a 
fitness differential associated with that varia- 
tion. Smaller birds have higher fitness than 
larger ones since they enter the breeding pop- 
ulation earlier and may live longer. Under these 
conditions, we expect a decrease in the average 
size of female Snow Geese breeding at La Pe- 
rouse Bay. The average sizes of 8 sequential 
cohorts are shown in Fig. 6. While there was a 
significant effect of cohort on body size (F = 
2.98, df = 7,531, P < 0.01), the effect was related 
solely to the large-bodied 1971 cohort. There 
was no general decline in the size of breeding 
females over these 8 consecutive groups of off- 
spring. 

There are several explanations for the lack of 
reduction in average body size. First, all fitness 
components and their relation to body size must 
be evaluated to understand fully the evolution- 
ary dynamics of body size in this population. 
Our data were limited to birds measured as 
breeding adults and several fitness components 
could not be evaluated. One, for example, is the 
relationship between body size and viability 
during the period from fledging to first breed- 
ing. Selection pressures on body size in pre- 
breeders could differ from those affecting 
breeding adults (Price and Grant 1984). 

Second, our analyses were limited to females. 
Bumpus (1899), Johnston et al. (1972) and Petrie 
(1983), among others, have shown that selection 
for body size may differ between sexes. If small 
body size is favored for females but large size 
was favored for males, the response to selection 
in each sex would be retarded. 

Third, Lesser Snow Geese are long-lived and 
populations have overlapping generations. As- 
suming the selection regime is stable and that 
the selection intensity is not sufficient to desta- 
bilize the age structure, the expected response 
to selection is reached slowly and asymptoti- 
cally. This occurs as favored individuals (and 
alleles) come to dominate the entire age struc- 
ture (Charlesworth 1980). The mean body sizes 
of the cohorts (Fig. 6) are measures of the output 
of an age-structured population which may be 
slowly accumulating the effects of directional 
selection for reduced body size. Since the study 
maximally covers 5 generations (Rockwell et al. 
1987), the lack of response so far is perhaps not 
surprising. 

Finally, gene flow into the La Perouse Bay 
population was 49%, corrected for age structure 

(Rockwell and Barrowclough 1987) and reflects 
male immigration from more northerly colo- 
nies. If the greater migration distances or local 
conditions associated with those colonies im- 
pose other selection differentials on body size, 
then gene flow could swamp any response to 
local selection on heritable variation in body 
size of Lesser Snow Geese. 
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Wisconsin Project Loon Watch is accepting applications for its fourth annual award for research on 
Common Loons in the Lake Superior-Lake Michigan region of the United States and Canada. To apply for 
cash awards up to $4,000, a brief description (maximum 10 pages) of the proposed research program and 
curriculum vitae should be submitted by the principal investigator to Paul I. V. Strong, Coordinator, Wis- 
consin Project Loon Watch, Sigurd Olson Environmental Institute, Northland College, Ashland, Wisconsin 
54806 USA. 

Proposals must be received by 6 January 1989. Student proposals should be accompanied by two letters of 
recommendation. The award will be granted on the basis of the project's contribution to deeper understanding 
and better management of Common Loon populations of the Upper Great Lakes. Guidelines for applicants 
are available from WPLW. 
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