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Close inbreeding is known in several bird species, 
although it is seldom observed (Greenwood et al. 
1978, Craig and Jamieson 1988, Gibbs and Grant 
1989, Bensch et al. 1994). Inbreeding can have im- 
portant evolutionary consequences because it may 
carry both costs and benefits to fitness (Mayr 1963, 
Shields 1983, Greenwood 1989). However, the seem- 
ingly low rate of inbreeding in nature may result 
from the fact that documenting inbreeding requires 
long-term monitoring of marked individuals. Colo- 
nial waterbirds are good candidates for studies of in- 
breeding because they often exhibit high natal phil- 
opatry (Greenwood and Harvey 1982). Moreover, 
long-term studies allowing individual identification 
and monitoring are relatively easy and widespread 
in this group (Wooller et al. 1992). Curiously, how- 
ever, only two cases of inbreeding have been report- 
ed for colonial waterbirds: Yellow-eyed Penguin (Me- 
gadyptes antipodes; Richdale 1957), and Mute Swan 
(Cygnus olor; Coleman et al. 1994). Here, we report 
two cases of close inbreeding in Cory's Shearwater 
(Calonectris diomedea) documented during an 18-year 
study. We also consider philopatric behavior in this 
species and its possible relationships with inbreed- 
ing. 

Cory's Shearwaters are highly philopatric (Ristow 
et al. 1990, Thibault 1993, Borg and Cachia-Zammit 
1997), breeding only on islands in the Mediterranean 
Sea (C. d. diomedea), and along the west coast of Af- 
rica from the Cape Verde islands (C. d. edwardsii) to 
the Macaronesian and Berlenga islands (C. d. boreal- 
is). The biology of this species has been well docu- 
mented, and geographic variation in biometric (Mas- 
sa and Lo Valvo 1986), vocal (Bretagnolle and Le- 
quette 1990), and genetic (Randi et al. 1989, Wink et 
al. 1993) traits tend to confirm this extreme philo- 
patric behavior. 

Methods.•Our study was conducted on the Lav- 
ezzi Islands, south Corsica (300 to 400 breeding 
pairs). All adults and fledglings were banded and re- 
captured annually between 1978 and 1996 in five 
subcolonies totaling 104 to 133 nests (Thibault 1993); 
1,045 chicks were banded during this period. Pros- 
pecting birds also have been recaptured, albeit irreg- 
ularly (but more thoroughly since 1992; see Thibault 
1993). Recaptured birds were sexed using bill di- 
mensions that have about 95% predictive power (Ris- 
tow and Wink 1980, Granadeiro 1993, Thibault 1993). 
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All statistics were performed using the SAS statisti- 
cal package (SAS Institute 1994). 

Results.--Males and females were caught for the 
first time on their natal colony at a mean of 5.6 _+ SD 
of 1.6 years after fledging (range 3 to 12 years, n = 
96), and first breeding attempts occurred at 7.7 _+ 2.0 
years old (range 5 to 13 years, n = 68). No significant 
difference occurred between the sexes in age of first 
capture (males: 5.57 + 1.8 years, n = 68; females: 5.61 
_+ 1.1 years, n = 28; Kolmogorov-Smirnov test, D = 
0.187, P = 0.49) or age of first breeding (males: 7.6 _+ 
1.9 years, n = 57; females: 8.0 +- 2.4 years, n = 11; D 
= 0.167, P = 0.96). 

We observed consistent sexual differences in na- 

tal dispersal. First, markedly fewer females re- 
turned and were recruited as breeders at their natal 

colony. Considering individuals banded as fledg- 
lings on Lavezzi Island, and which would have been 
old enough to return (n = 710), 151 (21.3%) were 
recaptured at least once between 1981 and 1996, all 
but one on Lavezzi Island. Of these, 66.9% were 
males and 25.8% were females (the remaining 7.3% 
were of undetermined sex). Only 49.0% of these 151 
fledglings subsequently were recaptured as breed- 
ers; most of them were males (82.4%). The male bias 
in natal philopatry was higher than that in the sex 
ratio of fledglings in this population (55.4% males; 
Bretagnolle and Thibault 1995). Second, the pattern 
of dispersal differed significantly according to sex 
in breeders (D = 0.550, n = 74, P < 0.005) and non- 
breeders (D = 0.496, n = 96, P < 0.001; see Fig. 1). 
Conversely, within both sexes, we found no signif- 
icant differences in the pattern of dispersal whether 
birds were found as nonbreeders or breeders 

(males: D = 0.147, n = 129, P = 0.49; females: D = 
0.111, n = 41, P = 0.99; Fig. 1). These figures are 
comparable to those published by Thibault (1993) 
from smaller samples. Overall, both sexes exhibited 
very high philopatty, with more than 95% and 46% 
of male and female recruits, respectively, establish- 
ing within 200 m of their natal burrows. The far- 
thest dispersal movements were limited to transfers 
between close subcolonies (respectively, 11.5% and 
69.2% of the males and females that returned to 

breed), although sampling bias may have occurred 
(see Barrowclough 1978). However, despite exten- 
sive searches of all Corsican colonies in 1995 and 

1996, only one female recruit was found in another 
colony, although less than 4 km from her natal site 
(and within the same archipelago). 

Interestingly, 14.7% of the male recruits nested in 
their natal burrows (Fig. 1). Their age of first breed- 
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FIG. 1. Distance between natal burrow and loca- 

tion of recapture according to sex for nonbreeding 
(upper) and breeding (lower) Cory's Shearwaters. 

ing ranged from 5 to 13 years. In two cases, males 
paired with their mothers. One was six years old, 
and his father had been reported dead four years be- 
fore, whereas the other was 13 years old, and his fa- 
ther was last seen two years before in the same nest. 
This second male bred successfully with his mother 
in 1994, 1995, and 1996. Of the nine fledglings that 
bred in their natal nests, the fathers of six were 
known: five (55%) had not been seen during the last 
two years or more before the male recruits estab- 
lished, and one (11%) was breeding in an adjacent 
nest. Conversely, the fathers of only 23% (n = 52) of 
the male recruits that bred away from their natal 
nests had not been seen during the last two years be- 
fore establishment, whereas 33% of the fathers were 
still breeding in the same colony. 

Discussion.--Our results provide the first known 

cases of close inbreeding in Cory's Shearwater (an- 
other has been found in Crete; D. Ristow pers. 
comm.) and also are the first such cases for any spe- 
cies in the Procellariiformes. 

A key factor promoting inbreeding is the attrac- 
tiveness of the social group or the natal site, i.e. 
philopatry (Greenwood 1980). Sex-biased natal dis- 
persal, as well as kin recognition, may be effective 
behavioral processes for avoiding close inbreeding 
(Ralls et al. 1986, Hoogland 1992, Bollinger et al. 
1993, Wolff 1993, Lambin 1994, Pusey and Wolf 
1996). Because Cory's Shearwaters settled to breed 
in close proximity to their natal nests, we should 
have expected the occurrence of inbreeding. How- 
ever, the rate of inbreeding in our study was low. In 
colonial seabirds, competition for nesting space of- 
ten is intense. Thus, the spatial pattern of recruit- 
ment to the natal colonies may be governed pri- 
marily by the availability of space. Furthermore, 
high levels of nest-site tenacity and mate fidelity 
observed in long-lived birds such as Cory's Shear- 
water (Mougin et al. 1987, Ristow et al. 1990, Thi- 
bault 1994) might prevent young birds from settling 
in or near their natal nests, thus contributing to re- 
duced levels of inbreeding. Indeed, young male re- 
cruits were less prone to breed in their natal nests 
when their fathers were present in the natal colony 
(either in the natal nest or not). This result indicates 
that intrasexual competition could be an influential 
factor in the establishment of young males at their 
natal sites. 

We documented only cases of sons breeding with 
their mothers. The lack of father/daughter pairings 
could have resulted from the reduced rate of re- 

cruitment of females to the natal colony and their 
higher level of dispersal (Ristow et al. 1990, Thi- 
bault 1993, this study). Moreover, we suggest that 
brother/sister pairings are not observed because 
each nest produces only one chick per year, and 
breeding is delayed until the fifth year, which re- 
duces the chances that two siblings will meet and 
form a pair bond. 

In conclusion, although Cory's Shearwaters show 
strong philopatry that results in high genetic simi- 
larity between mates (Swatschek et al. 1994), their 
sex-biased dispersal and mating strategies appar- 
ently ensure an optimal balance between inbreed- 
ing and outbreeding, which could serve to avoid the 
disruption of coadapted gene complexes and the 
loss of local adaptations (Bateson 1983, Shields 
1983). 
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Several authors have questioned the use of Japa- 
nese Quail (Coturnix japonica) eggs as bait in artificial 
nests (Roper 1992, Haskell 1995a, DeGraaf and Maier 
1996, Major and Kendal 1996). Based on observations 
at a feeding station, Haskell (1995a) concluded that 
the gape of eastern chipmunks (Tamias striatus) was 
not sufficiently wide to open quail eggs. Consequent- 
ly, Haskell (1995a,b) questioned the validity of stud- 
ies that use quail eggs in artificial nests to evaluate 
the relationship between nest predation and forest 
fragmentation. In this paper, I focus on the behavior 
of least chipmunks (Tamias minimus) eating quail 
eggs in artificial nests in the Colorado Front Range. 
Observations of other sciurids also are described to 

add to the general understanding of rodent preda- 
tion behavior (Callahan 1993). I also comment on 
possible biases in Haskell's (1995a) observations of 
chipmunk egg predation and the weak support of his 
critical view of quail-egg experiments (1995b). Fi- 
nally, I suggest a protocol for evaluating a potential 
predator's ability to consume eggs. 

Methods.--I used two sources of data. First, 10 pre- 
dation events by sciurids were observed without a 
blind during the summers of 1993 to 1996 in the foot- 
hills of Boulder County, Colorado. Observations 
were collected opportunistically from artificial nests 
as part of a broader study of nest predation by corv- 
ids (Craig 1997). Artificial nests resembling nests of 
American Robins (Turdus migratorius) were con- 
structed from mud, grass, and a wicker basket and 
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placed I to 2 m above the ground in conifers. Each 
nest had a fine-grass lining, one or two Coturnix quail 
eggs, and a color-matched plasticene egg (hereafter 
"clay" egg) wired to the nest. Predators often were 
startled during observations, and I never observed 
the initial attack on artificial nests. 

Second, I observed predator behavior during the 
entire predation event from a blind by staging pre- 
dation events in July and August of 1995. An artificial 
nest (with one clay egg and two quail eggs) was 
placed on a porch rail 3 m from a platform feeder 
that was visited frequently by a variety of birds, least 
chipmunks, and fox squirrels (Sciurus niger). A total 
of 15 separately constructed nests (30 quail eggs and 
15 clay eggs) was used. Nests were placed on the 
porch railing repeatedly and were not independent 
of each other. This may have facilitated habituation 
by the predators to the nests and eggs. Nevertheless, 
Steller's Jays (Cyanocitta stelleri) and Black-billed 
Magpies (Pica pica) regularly nested in the study area 
(pers. obs.), and their eggs are about the same size 
and shape as quail eggs (Harrison 1979). 

Results.--During four years of opportunistic ob- 
servations, I observed chipmunks (T. minimus and T. 
quadrivittatus) eating eggs from artificial nests three 
times. Twice the chipmunks were recorded eating an 
egg in the nest and once on the ground directly be- 
low the nest. It is possible that the egg on the ground 
fell out of the nest, broke open, and then was con- 
sumed. Nevertheless, in all three cases the egg was 
opened through its small end. During the same pe- 
riod, one golden-mantled ground squirrel (Spermoph- 


