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WEST NILE VIRUS DEVASTATES AN AMERICAN CROW POPULATION

CAROLEE CAFFREY1,2, SHAUNA C. R. SMITH1 AND TIFFANY J. WESTON1

1Zoology Department, Oklahoma State University, Stillwater, OK 74078

Abstract. In its spread west across North America
in 2002, West Nile virus (WNV) reached a population
of marked American Crows (Corvus brachyrhynchos)
in Stillwater, Oklahoma, in late summer. Within two
months, 46 of 120 individuals were missing or known
to be dead, 39 of which (33% of the population) are
estimated to have died for WNV-related reasons. In
2003, 56 of 78 marked crows disappeared or were
found dead between June and November. Five of the
28 juvenile losses were possibly unrelated to WNV,
thus we estimate that 65% of our population died be-
cause of this pathogen in 2003. The total loss of 72%
of population members, including 82% of juveniles, in
a single year of WNV exposure raises concern for pre-
cipitous declines in American Crow populations in
coming years.

Key words: American Crows, mortality, popula-
tion, West Nile virus.

El Virus del Nilo Occidental Devasta una
Población de Corvus brachyrhynchos

Resumen. En su diseminación hacia el oeste de
América del Norte durante 2002, el Virus del Nilo Oc-
cidental alcanzó a fines del verano una población mar-
cada de Corvus brachyrhynchos en Stillwater,
Oklahoma. En menos de dos meses, 46 de los 120
individuos registrados desaparecieron o murieron, 39
de los cuales (33% de la población) estimamos que
murieron por causas relacionadas con el virus. En
2003, 56 de los 78 cuervos marcados desaparecieron
o fueron encontrados muertos entre junio y noviembre.
Cinco de las 28 pérdidas de juveniles posiblemente no
estuvieron relacionadas con el virus, por lo que esti-
mamos que el 65% de nuestra población murió a causa
de este patógeno en 2003. La pérdida total del 72% de

Manuscript received 20 June 2004; accepted 22 Oc-
tober 2004.

2 Present address: Audubon Science, 545 Almshouse
Rd, Ivyland, PA 18974. E-mail: clcaffrey@audubon.
org

los miembros de la población, incluyendo el 82% de
los juveniles, en un solo año de exposición al virus
plantea preocupaciones en cuanto a la posibilidad de
una disminución precipitada de las poblaciones de C.
brachyrhynchos en los próximos años.

In the five years since West Nile virus was first de-
tected in the Western Hemisphere (New York City in
1999), it has spread west to the Pacific Coast of the
United States, north and west through seven Canadian
provinces, and south to the Caribbean and Central
America. Efforts to document the impacts of the virus
on North American birds have been hampered by the
lack of information from the field; preliminary data on
population responses to exposure are available only for
American Crows (Corvus brachyrhynchos, Caffrey et
al. 2003) and Greater Sage-Grouse (Centrocercus
urophasianus, Naugle et al. 2004, Walker et al. 2004).

American Crows are extremely vulnerable to West
Nile virus under laboratory conditions; mortality ap-
proaches 100% (McLean et al. 2001, Komar et al.
2003, Brault et al. 2004). Data collected fortuitously
suggest that crows also suffer high mortality in the
wild; more than 57 000 dead crows were reported to
authorities in the United States from 1999 through
2002 (Eidson, Komar et al. 2001, Marfin et al. 2001,
CDC 2002a, 2002b). Because of their susceptibility to
the virus, their tendency to occur in habitats occupied
by humans, and their large size (compared to other
birds), crows have become the sentinel organism for
the spread and degree of prevalence of West Nile virus;
dead crows portend human risk (Eidson, Komar et al.
2001, Eidson, Miller et al. 2001, Watson et al. 2004).
Yet the relationship between the number of carcasses
found and the actual number of crows that have died
is not known, nor are the impacts of this epizootic on
crow population organization and function.

As part of a long-term study investigating social or-
ganization, dispersal patterns, and details of coopera-
tive nesting attempts, we had been observing a popu-
lation of American Crows since the fall of 1997. Other
than the relatively high loss of juveniles through early
fall each year, survivorship of crows was quite high;
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from 1998 through August 2002, only 1%–3% of sec-
ond-year and older crows disappeared between the
months of June and November. In August 2002, 120
of 145 crows in 28 family groups were marked. West
Nile virus arrived in our study area by early Septem-
ber, and by November, 46 of the 120 crows were miss-
ing or known to be dead (Caffrey et al. 2003). We
estimate, based on disappearance data for September
and October in years prior to the arrival of West Nile
virus (Caffrey et al. 2003), that seven of the 46 crows
may have disappeared for reasons unrelated to West
Nile virus. Thus approximately 33% of our marked
crows died within two months of exposure to West
Nile virus in 2002. We continued to monitor members
of this population through the end of the West Nile
virus season of 2003.

METHODS

For this study, we observed crows in the residential
community of Stillwater, Oklahoma, during the months
of June through October 2003. Second-year and older
crows had been captured with a rocket net or a Net-
launcher (Caffrey 2002a), or had been marked as nes-
tlings (Caffrey 2002b). These crows had been marked
with patagial tags and colored leg bands (Caffrey
2002c). No additional free-flying crows were caught
for this study, and nestlings in 2003 were marked with
only colored leg bands. Blood samples were taken
from the brachial vein of all crows, from which we
determined the sex of individuals (Griffiths et al.
1998).

Crows were observed with binoculars and spotting
scopes, usually from automobiles. We monitored mem-
bers of this population continuously for the six years
1997–2003. Monitoring crow groups 2–12 times per
month (the differences being seasonally- and habitat-
based) in the years 1997 through the beginning of 2003
allowed the detection of crow deaths or dispersal out
of natal groups and out of our population. During
June–November of 2003, we looked for crow groups
2–4 times per week.

American Crows are cooperative breeders—breed-
ing pairs are assisted in reproductive attempts by non-
breeding individuals—and many of their assistants are
offspring from previous years that have delayed dis-
persal (Verbeek and Caffrey 2002). Crows in Stillwater
lived in family groups, each of which included a pair
of breeders and from 0–10 ‘‘auxiliaries’’ (ostensibly
nonbreeding individuals). At the beginning of the
breeding season of 2003, our study population con-
sisted of 53 crows in 18 breeding groups; 44 of these
crows were individually marked, including 34 breeders
(territory-owning, nest-building pair members) and 10
auxiliaries (six second-year, and four third-year, birds).
Forty-six nestlings from 14 broods were marked in
April and May. Of these, seven nestlings were never
seen alive outside their nests, and five juveniles moved
into areas where they could not be observed. The sex
was not determined for two of the 34 juveniles in our
data set.

We provide ‘‘disappearance dates’’ as the last dates
that individuals were seen alive, thus these dates are
approximations. Throughout this paper we often use

‘‘disappearance(s)’’ in lieu of ‘‘disappearance(s) and
death(s).’’

Crow carcasses were submitted to the National
Wildlife Health Center (USGS, Madison, WI) and test-
ed for West Nile virus presence by virus isolation (Do-
cherty and Slota 1988) and using a Polymerase Chain
Reaction (RT-PCR) assay with West Nile virus-specific
primers (Lanciotti et al. 2000).

Mortality of males and females was compared with
a 232 contingency table and a G-test of independence.
The distribution of disappearances by group size was
compared, with a chi-square test, to an expected fre-
quency calculated from the binomial distribution. We
used a significance level of a 5 0.05.

RESULTS

In 2003 crows began disappearing in early June, at
about the same time West Nile virus was first con-
firmed in Oklahoma in that year (a horse in Sequoyah
County tested positive on May 28; K. K. Bradley,
Oklahoma State Public Health Veterinarian and Inter-
im State Epidemiologist, pers. comm.). By November,
56 of 78 marked crows (72%) had disappeared or were
known to be dead. We found four carcasses, all of
which tested positive for West Nile virus antigen.

The temporal pattern of individual disappearances
(Fig. 1a) was manifested at the population level as an
increase in mortality rate as the summer progressed
(Fig. 1b). Juvenile crows appeared to suffer the highest
mortality (Table 1), yet young crows often disappear
or are found dead during the months of May and June.
Disappearance data indicate no sex bias in mortality
across the population (G 5 0.2, P 5 0.63; Table 1).

Within pairs, there was no sex bias as to the order
of disappearance. There were 13 cases in which both
members of a pair were marked and at least one dis-
appeared; males and females disappeared at approxi-
mately the same time in three pairs, females disap-
peared first in five pairs, and males disappeared first
in five pairs.

We examined patterns of disappearances within
groups for evidence of horizontal transmission, but did
not find strong support for crow-to-crow contagion.
The distribution of disappearances did not differ from
random (x2

8 5 15.3, P . 0.10; Fig. 2), and the tem-
poral data also suggested that disappearances within
groups were independent events. If group members
had infected other group members, subsequent deaths
would have been within one week of preceding deaths
(Komar et al. 2003), and disappearance dates should
be similarly spaced. In eight groups where both breed-
ers disappeared, the second to disappear did so at ap-
proximately the same time (n 5 2), from 17–30 days
later (n 5 3), or at least two months later (n 5 3).
There were 14 groups that lost at least two members
(including those that lost two breeders) and for which
we had complete disappearance data. Of the 39 ‘‘sub-
sequent’’ disappearances in those groups, 12 were
within 10 days of preceding disappearances.

Of 18 crow groups, only one (of three crows) sur-
vived intact; the group of two with zero losses in Fig-
ure 2a was a breeding pair that produced at least one
fledgling, which we were unable to identify before it/
they disappeared. Eight groups lost the majority of
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FIGURE 1. Fifty-six of 78 marked crows disap-
peared from June through October 2003; two breeders
for whom ‘‘disappearance dates’’ could not be deter-
mined are not included. Tick marks on X axes indicate
the first day of the month. (a) Number of crows that
disappeared during each week. Breeders were mem-
bers of nest-building pairs, juveniles were crows
hatched in 2003, and auxiliaries were second-year and
older nonbreeding group members. (b) Percent of the
remaining population that disappeared each week.

FIGURE 2. Fifty-six of 78 marked crows disap-
peared from June through October 2003. (a) Number
of crows that disappeared from groups of different siz-
es. (b) Observed and expected (binomial) distributions
of crow disappearances.

TABLE 1. Numbers of marked crows alive on 1 June 2003, and numbers (%) of those that disappeared through
31 October 2003. Breeders were members of nest-building pairs, auxiliaries were second-year and older non-
breeding group members, and juveniles were crows hatched in 2003. Two juveniles of unknown sex are included
under ‘‘Total.’’

Females

Alive 6/1 Gone 11/1

Males

Alive 6/1 Gone 11/1

Total

Alive 6/1 Gone 11/1

Breeders 16 11 (69%) 18 11 (61%) 34 22 (65%)
Auxiliaries 3 2 (67%) 7 4 (57%) 10 6 (60%)
Juveniles 17 14 (82%) 15 13 (87%) 34 28 (82%)

their members, four juveniles were orphaned (of which
three didn’t survive), and six whole groups disap-
peared. As crows disappeared, we observed lone group
survivors wandering and calling from around their ter-
ritories, unmarked individuals moving in to replace
lost breeders, and the remnants of neighboring groups
joining together to come undone, again, by more dis-
appearances.

DISCUSSION

We followed the devastation of an American Crow
population we had been observing for five years, as
West Nile virus arrived and the majority of the popu-
lation disappeared. We found only four carcasses in
2003, but crows tend to seek out quiet, protected plac-
es when they begin to succumb to West Nile virus
infection (A. B. Clark, D. A. Robinson, and K. J.
McGowan, pers. comm.). Almost all territories of
crows in this study included wooded and densely veg-
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etated areas used by crows but not by humans; areas
impossible to search efficiently. Avian carcasses gen-
erally last less than a week on the ground (Osborn et
al. 2000), and one of the four carcasses we found had
been scavenged. In addition, dying crows are more
vulnerable to predation, and predators may carry their
bodies elsewhere. For these reasons, and those below,
we do not believe that the lack of more carcasses sug-
gests our crows disappeared for reasons unrelated to
West Nile virus.

Evidence from the lab and the field suggests crows
are at great risk of infection, and survivorship of in-
fected individuals is close to zero. Unlike 24 other spe-
cies of birds tested (Komar et al. 2003), American
Crows have become infected through every route ex-
amined—getting bitten by infected mosquitoes, eating
infected prey, drinking water containing viral particles,
and being in physical contact with infected conspecif-
ics (Komar et al. 2003). Of 40 experimentally infected
crows, only one (that became infected through physical
contact with infected crows) survived (McLean et al.
2001, Komar et al. 2003, Brault et al. 2004). Limited
field data also suggest that few crows have survived
infection; antibodies specific for West Nile virus were
detected in only five of 156 crows caught in east-cen-
tral Illinois from February through October 2002 (Ya-
remych et al. 2004).

During 1998–2002, prior to the arrival of West Nile
virus in our study area, only two of 150 breeders dis-
appeared from June through October of each year, and
only four of 156 auxiliaries disappeared during those
same periods. We therefore believe that all of the
breeder and auxiliary disappearances from June–No-
vember 2003 reflect deaths from West Nile virus in-
fection. However, juvenile disappearance is much
more common during summer and early fall. Of 100
marked fledglings over the years 1998 and 2000–2002,
33 disappeared or were known to have died between
May through mid-July, and only one disappeared be-
tween July and September. Of 84 juveniles alive in
August of the years 1998–2001 combined, 18% dis-
appeared during the months of September and October.
Only two of 34 fledglings in 2003 disappeared before
mid-July. If we attribute both of those disappearances
to ‘‘natural causes,’’ and apply the same disappearance
relationships from previous years to the 2003 cohort
from mid-July through October, approximately five of
the 28 juvenile disappearances between fledging and
November might have occurred in the absence of West
Nile virus. Thus 68% (23/34) may be a better estimate
for the mortality suffered by young crows in the face
of their first West Nile virus season.

We therefore estimate that in 2003, 65% of our
study population (51 of 78 individuals) died because
of exposure to West Nile virus. Combined with the
natural losses of juvenile crows (which brought their
mortality to 82% before their first November, in an
otherwise above-average year for post-fledging survi-
vorship), 72% of our population died over one West
Nile virus season in Oklahoma (June through October).
Mortality was similar in an examination of a smaller
number of crows in east-central Illinois in 2002; 19 of
28 (68%) radio-tagged (mostly juvenile) American

Crows died and tested positive for WNV infection (Ya-
remych et al. 2004).

Crows in Stillwater were year-round residents with
complex social lives. The majority of auxiliaries were
individuals that had delayed dispersal, but many
groups also included individuals that had moved in
from other groups. Most of the crows in our population
delayed breeding until 3 or 4 years of age, and many
remained home or moved within the population until
they bred. We regularly saw crows spending time with
groups other than their own, and some individuals that
had dispersed out of our population returned occasion-
ally to natal territories and spent time with their par-
ents. Some individuals visited their siblings living else-
where, and some moved in with their siblings’ fami-
lies. Several males established territories adjacent to
their parents, and extended families of at least three
generations would sometimes spend time together
(CC, unpubl. data). Thus the effects of West Nile virus
extended beyond the number of crows that died, to
fracturing the foundation of the social lives of survi-
vors.

Are the surviving crows in Stillwater alive because
they are immune, or because they have yet to be ex-
posed to the virus? To the extent that the latter is the
case, and barring the evolution of a less virulent strain
of West Nile virus, American Crow populations in
North America might be expected to decline precipi-
tously in the next few years. We discovered only four
of approximately 56 dead crows, which suggests that
the tens of thousands of carcasses found in North
America in the last five years might under-represent
the number that have died by an order of magnitude.
As such, West Nile virus is likely to cause devastating
disruptions to the social organization and demograph-
ics of American Crows.
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INFLUENCE OF PREDATION ON NEST-SITE REUSE BY AN OPEN-CUP NESTING
NEOTROPICAL PASSERINE

JENNIFER NESBITT STYRSKY1

Department of Animal Biology, University of Illinois at Urbana-Champaign, Urbana, IL 61801

Abstract. Nest-site fidelity is associated with pre-
vious reproductive success in birds but is thought to
be rare among territorial, open-cup nesting passerines.
I investigated nest reuse decisions by Spotted Antbirds
(Hylophylax naevioides) in central Panama. A quarter
of all nest attempts were located at a previously used
nest site, often within an extant nest structure. Within
a breeding season, pairs preferred to reuse previously
successful nest sites overall and were more likely to
return to these sites for a consecutive nest attempt than
they were to previously depredated nest sites. The fates
of two nest attempts at the same location, however,
were not associated with each other. The preference of
Spotted Antbirds for reusing successful nests may be
a short-term strategy to avoid sites recently discovered
by predators, as pairs did reuse previously depredated
nest sites for later nest attempts and did not prefer
successful nest sites from previous breeding seasons.

Key words: Hylophylax naevioides, Neotropics,
nest predation, nest reuse, nest-site fidelity, Spotted
Antbird.

Influencia de la Depredación sobre la
Reutilización de Sitios de Nidificación en un
Ave Paserina Neotropical que Construye Nidos
de Copa Abierta

Resumen. La fidelidad al sitio de nidificación está
asociada con el éxito reproductivo previo en las aves,
pero se cree que ésta no es común entre especies Pas-
seriformes territoriales que construyen nidos de copa
abierta. En este estudio investigué las decisiones de
reutilización de nidos en Hylophylax naevioides en el
centro de Panamá. Una cuarta parte de todos los in-
tentos de nidificación se ubicaron en lugares previa-
mente empleados para nidificar, a menudo al interior
de estructuras de nidificación remanentes. Dentro de
una temporada reproductiva, las parejas prefirieron
reutilizar sitios de nidificación exitosos en general y
fueron más propensas a regresar a esos sitios para in-
tentos de nidificación consecutivos, que a sitios en
donde sus nidos fueron depredados. Sin embargo, los
resultados de dos intentos de nidificación ocurridos en
el mismo sitio no estuvieron asociados entre sı́. La

Manuscript received 20 April 2004; accepted 15 No-
vember 2004.

1 Present address: Department of Biological Scienc-
es, Auburn University, Auburn, AL 36849. E-mail:
styrsjn@auburn.edu

preferencia de emplear repetidamente sitios existosos
podrı́a ser una estrategia de corto plazo empleada por
H. naevioides para evitar lugares recientemente des-
cubiertos por depredadores, ya que las parejas reutili-
zaron sitios donde sufrieron depredación en intentos
posteriores y no prefirieron lugares exitosos de esta-
ciones reproductivas previas.

Nest predation is an important factor influencing nest-
site selection in birds (Martin and Roper 1988, Marz-
luff 1988). In response to nest predation, birds may
use a simple decision rule to select the location of their
next nest attempt: remain in the same location follow-
ing nest success and move to a different location fol-
lowing nest failure (Gavin and Bollinger 1988). In-
deed, numerous studies have demonstrated that indi-
viduals show greater site fidelity to study areas or ter-
ritories where they have experienced reproductive
success than to areas where they have experienced nest
predation (Greenwood and Harvey 1982, Haas 1998,
Hoover 2003). Among cavity-nesting species, individ-
uals that use the same nest site for multiple breeding
attempts also are more likely to reuse nest boxes in
which they have nested successfully than boxes in
which previous nest attempts were unsuccessful (Dow
and Fredga 1983, Gauthier 1990, Stanback and Dervan
2001).

Fidelity to a specific nest site is common among
species that build stable nest structures (Wimberger
1984) or breed within cavities (Sedgwick 1997) or col-
onies (Bongiorno 1970, Brown and Brown 1986). In
contrast, nest-site reuse generally is thought to be a
rare behavior among territorial species which build
more ephemeral, open-cup nests and for which nest
sites are presumed to be widely available. Recent re-
ports, however, indicate that open-cup nesting passer-
ines, including flycatchers (Blancher and Robertson
1985, Bergin 1997), corvids (Antonov and Atanasova
2003), thrushes (Friesen et al. 1999), mimids (Cavitt
et al. 1999, Marshall et al. 2001), waxwings (Mountjoy
and Robertson 1988), and grosbeaks (Friesen et al.
1999), also exhibit fidelity to specific nest sites within
and between breeding seasons. These studies did not
rigorously address whether these incidences of nest-
site reuse were based on fates of previous nest attempts
(but see Blancher and Robertson 1985); however, an-
ecdotal evidence suggests that breeding history influ-
ences nest-site selection by open-cup nesting passer-
ines (Bergin 1997, Cavitt et al. 1999, Friesen et al.
1999).
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Here, I describe the pattern of nest-site reuse in the
Spotted Antbird (Hylophylax naevioides), a Neotropi-
cal passerine. I hypothesized that Spotted Antbird nest-
site fidelity was influenced by an individual’s breeding
history at that site and this behavior increased an in-
dividual’s nest success. I tested the prediction that pairs
of Spotted Antbirds reuse previously successful nests
more frequently than nests that were previously dep-
redated. Secondly, I tested the prediction that two nests
at the same location have similar fates, suggesting that
risk of nest predation at a given site is indeed predict-
able.

METHODS

This study was conducted from 1998–2000 in Parque
Nacional Soberanı́a, a 22 000-ha lowland tropical
moist forest in the Republic of Panama. My study site
was a 100-ha plot within the ‘‘Limbo’’ basin (98109N,
798459W). This plot was intersected by a series of
north-south transects spaced 100 m apart with grid
points located every 25 m. See Karr (1971) and Rob-
inson et al. (2000) for a detailed description of the
study plot.

In Panama, Spotted Antbirds breed during the wet
season, primarily from April through September (Wil-
lis 1972). Nests are open-cup structures constructed
from rhizomorphs (strands of fungal mycelia) and are
built in a variety of common understory sapling and
shrub species (Willis 1972). Spotted Antbirds are mul-
tibrooded, averaging 4.7 6 0.2 nest attempts per year,
and defend permanent, year-round territories, 3–4 ha
in size (Styrsky 2003). Annual adult survival of terri-
torial birds is 75% and breeding adults rarely move to
a different territory after they have acquired one
(Styrsky 2003). Thus, Spotted Antbird pairs have
many opportunities to reuse former nest sites within
and between breeding seasons.

All breeding adults on the study plot were captured
in mist nests and marked with a unique combination
of a numbered aluminum (Gey Band and Tag Co.,
Norristown, Pennsylvania) and three colored-plastic
leg bands. Each year, I found and monitored all breed-
ing attempts made by a subset of these marked pairs
(1998: n 5 11, 1999: n 5 14, 2000: n 5 14). At the
beginning of each breeding season, I located the first
nest attempts of as many pairs as possible. The order
in which territories were searched was chosen at ran-
dom and those pairs for which the first nest attempts
were found were designated as focal pairs. Because
these pairs were selected before the fates of any nest
attempts were known, this sample of focal pairs was
unbiased with respect to nest success and included
pairs that were both successful and unsuccessful at
fledging juveniles each season. I also monitored nest
attempts of additional nonfocal pairs (1998: n 5 19,
1999: n 5 15, 2000: n 5 13). Overall, I found and
monitored 248 Spotted Antbird nests on the Limbo
study plot from 1998–2000.

I monitored all nests every three days until juveniles
fledged or the nest was depredated (Mayfield 1975). I
recorded the condition (e.g., intact, small holes, torn
from supports) of all nests immediately after they be-
came inactive and again at the end of the breeding
season. Nest locations were marked with red-and-

white striped flagging tape hung from a tree branch at
least 5 meters away from the nest and mapped relative
to the nearest grid point on the study plot. To identify
all previously used nests on the study plot I did not
remove these nest flags until the end of the study.

As defined here, nest reuse refers to two different
clutches of eggs produced by the same pair of birds in
the exact same nest site. Within a breeding season, any
nests that had not been previously discovered on the
study plot were classified as ‘‘new’’. Misclassification
of nest status was highly unlikely for within-season use
because I was able to document all nesting attempts
of focal pairs and most nesting attempts of nonfocal
pairs (Styrsky 2003). The number of nests reused be-
tween years is a conservative estimate because I may
have overlooked some nests that were built late in the
breeding season (after late September) or prior to 1998.

STATISTICAL ANALYSES

Effect of nest fate on reuse. I tested the prediction that
pairs of Spotted Antbirds preferentially reused suc-
cessful nest sites within a breeding season using a gen-
eralized linear model with a binomial distribution and
a logit-link function (Proc Genmod, SAS Institute Inc.
2001). For this analysis, I recorded the fate of the first
nest of each focal pair for each year (n 5 39) and then
categorized those nests as being either reused or not
reused during the same breeding season. Because some
focal pairs of birds were followed in more than one
breeding season (n 5 9), pair identity was treated as a
repeated class variable in this model. Pairs that bred
many times in a season had more opportunities to re-
use nests than pairs that bred fewer times; therefore, I
also included the total number of nests of each focal
pair in the model as an additional factor. To assess if
Spotted Antbirds preferred to reuse successful nests
from previous breeding seasons, I used a Fisher’s Ex-
act test to compare the proportion of successful nests
that were reused from previous years in 1999–2000 to
the overall proportion of successful nests that were
produced in 1998–1999.

In addition to testing if nest fate influenced inci-
dence of nest reuse, I also assessed if nest fate influ-
enced whether a site would be used for two consecu-
tive nest attempts (Proc Genmod, SAS Institute, Inc.
2001). I included in this analysis all nests reused by
focal pairs within a breeding season (n 5 20), and
again accounted for focal pairs present in more than
one year (n 5 5) by treating pair identity as a repeated
class variable. I recorded the fate of these nests the
first time they were used and then categorized nests
according to whether they were reused for the next
nest attempt or a later nest attempt within the same
season.

Effect of nest site on probability of nest predation.
I tested the prediction that the fates of two nest at-
tempts at the same site were the same using Fisher’s
Exact tests. I compared the fates of two nest attempts
at the same location within a season (n 5 26), between
seasons (n 5 20), and within and between seasons
combined (n 5 46). Few nests were reused more than
once during the same breeding season (n 5 3), and
only the first incidence of nest reuse was included in
these analyses. All statistical tests were performed us-
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TABLE 1. Incidence of Spotted Antbird nest reuse
within and between breeding seasons (1998–2000) in
Parque Nacional Soberanı́a, Panama.

Year
Proportion

reused
Number of
nests reused

Total number
of nests

Within seasona

1998 0.19 6 32
1999 0.28 17 60
2000 0.13 9 70
Total 0.20 32 162

Between seasonsb

1999 0.10 9 89
2000 0.16 15 97
Total 0.13 24 186

All nest reuse combined
Total 0.26 56 218c

a By definition, the first nest of a season for each
pair of birds could not be considered a within-season
reuse of a nest or nest site; therefore, these nests (1998:
n 5 22; 1999: n 5 22; 2000: n 5 24) were not in-
cluded in the total number of nests. Nest attempts by
pairs for which I found only one nest in that season
(1998: n 5 8; 1999: n 5 7; 2000: n 5 3) were also
not included.

b Reuse of nests or nest sites from a preceding year.
c Total includes all nests from 1999 (n 5 89) and

2000 (n 5 97), plus those nests from 1998 for which
reuse status could be determined (n 5 32).

FIGURE 1. Proportion of first nests of a given fate
(fledged or depredated) that (a) were reused or not re-
used within the same breeding season, (b) were reused
for the next nest attempt or a later nest attempt within
a breeding season, and (c) either fledged juveniles or
were depredated when reused for a second nest at-
tempt. Numbers above bars represent the number of
nests in each category.

ing SAS-PC software, version 8.2 (SAS Institute Inc.
2001). Data were considered significant at P # 0.05.

RESULTS

More than one-quarter of clutches produced by Spotted
Antbirds (26%, n 5 218 nests total) were placed in a
previously used nest or nest site on the Limbo study
plot (Table 1). Incidence of nest reuse within the same
season was higher than reuse between years (Table 1).
Most pairs reused an old nest at some point during the
study. Of the 16 focal pairs that were studied for at
least two breeding seasons, 75% reused a nest at least
once between seasons and 81% reused a nest at least
once within the same breeding season. For 78% (n 5
25 of 32) of nests reused within a season, the pair did
not modify the reused nest structure between nesting
attempts, other than removing debris from the cup or
adding additional lining to the nest. Light structural
repairs, such as patching a hole in a side wall, were
made to 5 nests (16%), and only 2 reused nests (6%)
were completely rebuilt prior to the second use. In all
cases of between-season use, however, nests were ex-
tensively repaired or rebuilt prior to egg-laying. Thus,
between-season nest reuse was effectively the reuse of
a nest site rather than the nest structure itself.

Pairs reused a significantly higher proportion of suc-
cessful nests than unsuccessful nests within a breeding
season (Fig. 1a, z 5 2.4, P 5 0.02). This effect of
prior nest fate on probability of reuse, however, was
not related to the total number of breeding attempts

made by a pair within a season (z 5 20.2, P 5 0.83).
Among the pairs that chose to reuse a depredated nest
within a breeding season (n 5 13), most (85%) did not
have a previously successful nest from that season
available on their territory. Successful nests were also
more likely to be used for two consecutive nest at-
tempts (immediately following the previous attempt),
whereas the reuse of depredated nests was delayed un-
til a later nest attempt (Fig. 1b, z 5 3.4, P , 0.001).
The proportion of successful nests reused between
years (15%, n 5 20 total nests) did not differ signifi-
cantly from the overall proportion of successful nests
produced by this study population (25%, n 5 143 total
nests, Fisher’s Exact test, P 5 0.26).

When all incidences of nest reuse were considered,
the fate (i.e., successful or depredated) of a second nest
attempt did not correspond to the fate of the initial nest
attempt at the same site by the same pair of birds (Fig.
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1c, one sided Fisher’s Exact test, n 5 46, P 5 0.54).
This lack of association between fates of two nest at-
tempts at the same site also occurred both within (one
sided Fisher’s Exact test, n 5 26, P 5 0.46) and be-
tween breeding seasons (one sided Fisher’s Exact test,
n 5 20, P 5 1.0) when these periods were considered
separately.

DISCUSSION

The reuse of nest sites, including existing nest struc-
tures, is an important part of the breeding biology of
Spotted Antbirds. Within a breeding season, pairs pre-
fer to reuse previously successful nests on their terri-
tory rather than previously depredated nests. This
choice is based directly on nest fate, not because pre-
viously successful nests are the only intact structures
available for reuse. Previously depredated nests also
remain intact as Spotted Antbird nest predators gen-
erally remove the contents of a nest without inflicting
major damage to the nest structure itself (Robinson et
al. 2005).

Although Spotted Antbirds base nest reuse decisions
on prior breeding experience at a site, these decisions
do not increase the probability of future breeding suc-
cess when these sites are reused. This lack of predic-
tive power of nest fate on future nest attempts may be
explained as a short-term strategy to avoid sites re-
cently discovered by predators. Pairs follow a simple
decision rule to reuse successful nests for their next
consecutive nest attempt, yet do not return to breed at
previously unsuccessful sites until after they have ini-
tiated one or more nest attempts in different locations.
This delay in the reuse of unsuccessful nests may re-
duce the risk of individual predators revisiting a site
soon after it was found, although long-term risk of
predation is not affected by this strategy. Consequent-
ly, the initial association of a nest site with the previ-
ous nest fate at that site does not seem to endure be-
yond two consecutive nest attempts.

Spotted Antbird nests are vulnerable to a diverse
suite of known and suspected nest predators, including
snakes (Willis 1972, Skutch 1985), mammals, such as
mouse opossums (Marmosa robinsoni, Roper 1996)
and white-faced capuchins (Cebus capucinus, Skutch
1985) and various avian species, including toucans
(Ramphastos spp., Pteroglossus spp.), motmots
(Baryphthengus martii), and raptors (Skutch 1985,
Robinson and Robinson 2001). Sieving (1992) pro-
vides a detailed list of potential nest predators occur-
ring at this study site. Thus, nest sites that may be
more concealed for one type of predator may be more
easily located by other types (Filliater et al. 1994).
This random pattern of nest predation has also been
found for Slaty Antshrikes (Thamnophilus atrinucha,
Roper 1996), a species that co-occurs with Spotted
Antbirds at this study site and also builds open-cup
nests placed in the same forest strata as that used by
Spotted Antbirds (Roper 1996). Taken together, these
two studies suggest that risk of nest predation at a
specific nest site may be generally unpredictable for
species nesting in this tropical forest understory.

Factors other than predation risk might explain the
propensity for Spotted Antbirds to reuse old nests for
many of their nest attempts rather than to build new

ones. One alternative hypothesis is that birds reuse ex-
isting nest structures to reduce the energetic costs of
nest building (Shields et al. 1988, Barclay 1988, Gaut-
hier et al. 1994). Although a reduction in energy ex-
penditure may contribute to within-season nest reuse
by Spotted Antbirds, this hypothesis does not explain
why Spotted Antbirds reuse nest sites from previous
breeding seasons when the nest structure itself must be
rebuilt. Other factors that may influence nest-site fi-
delity by Spotted Antbirds could include limited avail-
ability of suitable nest sites or proximity of the nest
site to food resources, safe foraging sites for adults, or
safe refuges in which fledged juveniles could roost.
Furthermore, if ectoparasites are rare in Spotted Ant-
bird nests, nest reuse may not be as costly of a behav-
ior as for passerine species breeding in temperate re-
gions (Moss and Camin 1970, Møller et al. 1990).
These alternatives warrant future study and may also
contribute to nest site selection by Spotted Antbirds.
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QUANTIFYING MALE WOOD THRUSH NEST-ATTENDANCE AND ITS RELATIONSHIP
TO NEST SUCCESS
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Abstract. Male Wood Thrushes (Hylocichla mus-
telina) attend their nests by perching near its rim, a
behavior common to many species and presumed to
be for the purpose of guarding eggs or young in the
nest. We classified nests into two groups based on
whether or not we observed an attending male during
any nest inspection. We found that nests attended by
male Wood Thrushes had higher success rates (i.e.,
lower predation rates) than unattended nests in Illinois
where Blue Jays were a dominant nest predator. In
contrast, there was no significant difference in nest
success between attended and unattended nests in New
York where rodents (mice and chipmunks) and raptors,
such as the Sharp-shinned Hawk, were important pred-
ators on nests and adults, respectively. Despite differ-
ences in risk to adults and nests between the two sites,
the frequency of observing attendant males did not dif-
fer between sites. In contrast to studies in the literature,
the frequency of nest-attendance in the New York pop-
ulation was negatively related to year-to-year variation
in chipmunk density, an independent measure of the
risk of nest predation.

Key words: age-specific mortality, Hylocichla mus-
telina, life-history theory, nest guarding, nest preda-
tion, Wood Thrush.

Cuantificación de la Presencia del Macho de
Hylocichla mustelina en el Nido y su Relación
con el Éxito del Nido

Resumen. Los machos de Hylocichla mustelina se
posan cerca del borde sus nidos aparentemente con el
propósito de vigilar sus huevos o sus crı́as, lo que re-
presenta un comportamiento común en muchas espe-
cies. Clasificamos los nidos en dos grupos basados en
la presencia o ausencia de un macho durante las ins-
pecciones de los nidos. Encontramos que los nidos que
presentaron machos de H. mustelina tuvieron mayores
tasas de éxito (i.e., menores tasas de depredación) que
los nidos sin machos en Illinois, donde Cyanocitta
cristata fue el depredador de nidos dominante. En con-
traste, no hubo una diferencia significativa en el éxito
de los nidos entre los que contaron o no con la pre-
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sencia de machos en Nueva York, donde los roedores
(ratones y ardillas listadas) y las rapaces (como Accip-
iter striatus) fueron importantes depredadores tanto de
nidos como de adultos. A pesar de las diferencias en
el riesgo al que están sujetos los adultos y los nidos
entre los dos sitios, la frecuencia de observación de
presencia de machos no difirió entre los sitios. En con-
traste con los estudios publicados, la frecuencia de la
presencia de machos en los nidos en la población de
Nueva York se relacionó negativamente con la varia-
ción interanual en la densidad de ardillas listadas, lo
que representa una medida independiente del riesgo de
depredación de los nidos.

Nest predation is the major source of reproductive fail-
ure for most of avian species (Ricklefs 1969, Martin
1992) and has a dominant influence on life-history
traits (Martin 1995, Martin and Clobert 1996, Bennett
and Owens 2002) and reproductive behavior (Dale et
al. 1996, Martin et al. 2000, Sasvári and Hegyi 2000,
Ghalambor and Martin 2000, 2002). Adults may go to
considerable expense to protect their young from po-
tential nest predators, such as preventing or foregoing
extra-pair copulations, reducing their own foraging op-
portunities, and placing themselves at risk to predation
(Montgomerie and Weatherhead 1988, Sasvári and
Hegyi 2000). The tradeoff between current and future
(or residual) reproductive value requires that adults
must strike a balance between the costs and benefits
of nest-related activities. Interspecific variability in in-
cubation feeding (i.e., males feeding females while in-
cubating young), nestling provisioning, and nest atten-
tiveness (and consequently nest predation rates) has
recently been explained by life history theory based
upon age-specific mortality (Montgomerie and
Weatherhead 1988, Dale et al. 1996, Ghalambor and
Martin 2000, 2001, 2002, Martin 2002). Less is known
about intraspecific variability in nesting behavior driv-
en by ecological circumstances, such as risk of adult
or nest mortality (but see Komdeur and Kats 1999,
Sasvári and Hegyi 2000). However, if adults can assess
age-specific mortality risks, we expect to see the sim-
ilar variability in nest defense within species as has
been demonstrated among species (Ghalambor and
Martin 2000, 2001, 2002, Martin 2002).

Nest defense behavior is often conspicuous; none-
theless actual predator attacks are seldom observed
(Sealy 1994). Thus the effectiveness of defensive be-
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TABLE 1. A comparison of the predator assemblage
in Illinois and New York study sites. Counts refer to
the number of observed or inferred predation events,
or predator abundance based on nesting records. Illi-
nois sites were associated with higher nest predation
from raccoons, opossums, and Blue Jays, whereas the
New York site was associated with greater predation
by mice and raptors.

Predator species Illinois1 New York1

White-footed mouse 0 17
Chipmunk 4 2
Raccoon/Opossum 48 0
Blue Jay 34 5
Avian (non-corvid) 1 2
Predation by raptors2,3 0 10
Active Blue Jay nests3 68 1

1 Unless otherwise noted, predators in Illinois were
identified using remote cameras attached to artificial
nests from 1994 to 1996 (n 5 90, Whelan et al. 1994,
Schmidt 1999) and predators in New York were iden-
tified using tooth/bill impressions on clay eggs placed
in inactive Wood Thrush nests (n 5 26, KAS unpubl.
data). Two nests showed evidence of multiple preda-
tors and were counted twice.

2 Predation determined through observed attacks on
Wood Thrush chicks, dead chicks with talon wounds,
piles of plucked adult feathers, and other post-mortem
analyses.

3 Based on nest surveys and observations conducted
in Illinois from 1993–1997 (CJW, unpubl. data) and
New York from 1998–2003 (Schmidt and Ostfeld
2003; KAS, unpubl. data).

havior is usually assessed indirectly by placing a pred-
ator model near the nest and correlating defensive be-
havior (e.g., rate of distress calling, closest distance of
approach to a predator) with nest success (Blancher
and Robertson 1982, Dale et al. 1996, Meilvang et al.
1997, Olendorf and Robinson 2000, Ghalambor and
Martin 2001, 2002). Typically these studies demon-
strate that higher nesting success correlates with great-
er aggression towards a model or real predator
(Blancher and Robertson 1982, Olendorf and Robinson
2000), but exceptions are also frequent (Knight and
Temple 1986a, 1986b, Hatch 1997, Meilvang et al.
1997). Although nest-guarding and nest vigilance have
received less attention, the mere presence of an adult
at or near the nest may serve as a passive defense to
deter predators and is paramount to initiating an active
defense. Passive defense appears to incur greater mor-
tality risk than active brood defense, at least in inter-
specific comparisons (Bennett and Owens 2002) and
adults should therefore adjust their level of nest-guard-
ing with respect to their own risk of mortality (Kom-
deur and Kats 1999, Sasvári and Hegyi 2000).

Our studies on the reproductive ecology of Wood
Thrushes (Hylocichla mustelina) encompassed sites in
Illinois and New York State over an 11-year period.
Male Wood Thrushes often attend their nests by perch-
ing at the edge of the nest while the female is away
(Walton 1994, Roth et al.1996). This behavior is com-
mon to many species and is presumed to be for the
purpose of guarding eggs and young in the nest (Slack
1976, Komdeur and Kats 1999, Woodward and Mur-
phy 1999). Nest-guarding, or more simply nest-atten-
dance, can be quickly and easily assessed during rou-
tine nest inspections. These snapshot behavioral ob-
servations provide a valuable opportunity to collect
data for the purpose of conducting comparative analy-
ses across multiple sites and years. For instance, Davis
(1954) found that behaviors recorded during nest visits
are representative of behaviors collected from lengthy,
continuous observations; specifically, the proportion of
observations of particular behaviors accurately reflect-
ed the proportion of time those behaviors were ob-
served during lengthy, continuous observations. We
used observations acquired during nest inspections to
distinguish between nests with attending or non-at-
tending males and to examine the relationship between
nest survivorship and nest-attendance by male thrush-
es.

METHODS

From 1992 to 1997, we studied the nesting success of
Wood Thrushes within 200 ha of deciduous forest at
the Morton Arboretum (Lisle, Illinois) and on adjacent
150-ha forest of the Hidden Lake Forest Preserve
(Lisle, Illinois). From 1998 to 2002, one of us (KAS)
studied Wood Thrushes in New York, on the property
of the Institute of Ecosystem Studies (Dutchess Coun-
ty, New York) a site containing 325 ha of eastern de-
ciduous forest. Although data have not been corrected
for differences in observer hours, based on the length
of the field season and size of survey crews, sampling
was roughly comparable between sites. Despite some
differences in our methods of identifying nest preda-
tors in New York and Illinois study sites, the predator

assemblages appear to differ dramatically (Table 1). In
particular, Blue Jays (Cyanocitta cristata) were com-
mon breeding forest birds and dominant nest predators
in the Illinois study site (Whelan et al. 1994, Schmidt
1999, Schmidt and Whelan 1999), whereas small ro-
dents (eastern chipmunks, Tamias srtiatus, and white-
footed mice, Peromyscus leucopus) and raptors (the
most abundant were Sharp-shinned Hawks, Accipiter
striatus, and Barred Owls, Strix varia) were major
predators in New York (Schmidt et al. 1999, Schmidt
and Ostfeld 2003). Moreover, raptors periodically
killed adult Wood Thrushes at the New York site (Ta-
ble 1), whereas little evidence of adult mortality was
observed in Illinois (CJW, pers. obs.) We hypothesized
that these differences in predation risk to adults would
manifest as reduced nest-attendance in the New York
study site where hawks pose a significant risk to adults
(Ghalambor and Martin 2000, 2001).

We used identical nest searching and monitoring
methods at both sites. During early May through July,
we searched the woodlands extensively for Wood
Thrush nests by concentrating in areas with singing
males. We monitored all active nests approximately
every 3 days until depredated or until all nestlings had
fledged. We noted the presence of males perched in a
seemingly stereotypical attendance posture at the nest,
almost always within ;20 cm, at the initial finding or
during routine nest visits. Our observations can only
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contrast nest attendance in the immediate vicinity ver-
sus no attendance or attendance at a greater distance,
since we included all observations of males within at
least 10 m of the nest. However, males may still be
nearby the nest for defense purposes. From a small
number of extended observations conducted from
blinds, we found that females appeared to engage in a
‘‘hand-off’’ of nest defense duties to her mate; females
would give a contact call, fly off the nest, and be rap-
idly replaced by the male who would perch near the
nest (KAS, CJW, pers. obs.). Additional observations
of color-banded birds (NY and IL) confirm that only
males used the nest attendance posture. Lastly, it is
unlikely that our approach disturbed or flushed males
before we arrived. We approached nests slowly and
cautiously, and on two or three occasions we walked
up to and stood within ;2 m of the nest without flush-
ing the male.

Because the presence of males was not reliably re-
corded in our field notes from 1992–1994, we restrict-
ed our analyses to the years after 1994. For each nest
that we could unambiguously determine the outcome
(fledged at least one Wood Thrush chick versus dep-
redated), we determined the: (1) total number of times
that we visited nests, (2) number of visits in which an
attendant male was observed, and (3) number of visits
with an incubating female present. Nests that were
abandoned, failed due to weather, or prior to our wit-
nessing egg laying were excluded. In addition, we ex-
cluded visits that occurred before the onset of incu-
bation. This was estimated based on our nest records
assuming incubation was initiated on the day that the
penultimate egg was laid.

We did not know the ages of most birds in our stud-
ies and could not assess whether age influenced nest
attendance, as was found by Walton (1994). However,
it is fair to assume that individuals with qualitatively
greater nest attendance would be observed attending
the nest more often (i.e., during visits) than individuals
with lower levels of nest attendance. This method is
conservative since incorrectly classifying a proportion
of nests will only hinder our ability to detect an effect
of nest-attendance on nest survivorship (Type I error).
We did not record time of day during our routine nest
inspections so it was impossible to determine if nest-
attendance varied with time of day. However, our ob-
servations from nearly 1200 nest visits were conducted
arbitrarily, with respect to time, and time can be con-
sidered a random variable. It is extremely unlikely that
this would be responsible for any spurious relation-
ships, particularly the differences in the efficacy of nest
attendance on nest survivorship between sites.

STATISTICAL ANALYSES

To determine which nest visits to include in the analy-
ses, we defined a nest visit as: (1) any observation at
a nest regardless of the presence of an adult, and (2)
only those visits in which the female was not present.
We feel that the latter definition of nest visit more ac-
curately reflects the number of opportunities to ob-
serve an attending male since we never saw both an
incubating female and an attending male together at a
nest. We concluded that the presence of an incubating
female preempts nest-attendance by the male. There-
fore, we report only the result of the latter analyses;

however, qualitative results differed very little between
the analyses, and we point out any contrasting results
between the two analyses.

We used ANCOVA to test whether the frequency of
nest-attendance differed between study sites and over
the nesting cycle. However, because we often did not
disturb incubating females while conducting nest
checks it was not always possible to accurately age the
contents of each nest. Therefore, we used visit number
as a surrogate for days since the onset of incubation.
For this analysis, we used only nests that were visited
seven or more times and that had successfully fledged
young. These restrictions make it likely that visit num-
ber provides a useful surrogate for age of the nest,
particularly for comparisons between sites. We includ-
ed visit number as the covariate, its quadratic-term
(visit 3 visit), and site (Illinois versus New York) as
a group variable. We ran separate ANCOVAs for: (1)
frequency of male nest-attendance (percentage of total
number of visits), (2) frequency of female incubation
(percentage of total number of visits), and (3) corrected
frequency of male nest-attendance (percentage of visits
in which females were not incubating).

We tested whether nest-attendance observations
were distributed randomly among males versus the al-
ternative that some males attended nests more often
than others. We pooled observations between sites,
since the previous analysis detected no site effect.
Based on the probability of observing nest-attendance,
we used the binomial probability distribution to cal-
culate the expected number (and hence proportion of
all nests) of 2 independent observations of an attending
male at the nest (.2 observations were too rare [n 5
3] to warrant consideration), assuming nest-attendance
was equally likely at all nests and all visits. We com-
pared the expected and observed proportions using the
Z-test for proportional data (Devore 1991).

The probability of detecting nest-attendance increas-
es with the number of observations made at any one
nest, and since successful nests persist longer, they will
be visited a greater number of times than depredated
nests. Therefore, there is the risk of a statistical artifact
arising between nest-attendance and nest success. To
control for the effect of the number of nest visits, we
used ANCOVA with the number of nest visits as the
covariate and a metric of nest success as the dependent
variable. Nest success for the purposes of this analysis
was calculated as the percentage of nests that were
successful, calculated separately for each group of
nests defined by the number times they were visited
(e.g., from 1 to 10). Typically, ANCOVA is used to
test for significant differences in main effects (i.e., y-
intercept) and is confounded by statistical differences
in the covariate (i.e., slope). However, we expected a
priori statistical differences with respect to nest-atten-
dance in both the y-intercept (greater for attended
nests) and the slope (lower for attended nests) because
nest success will converge to 100% as the number of
visits increase to correspond to the length of the nest-
ing cycle.

Lastly, we tested whether annual variation in the
frequency of nest-attendance could be explained by an-
nual variability in the threat of nest predation. Our
original premise is that nest-attendance and nest pre-
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TABLE 2. Results of ANCOVA on the frequency of male nest-attendance, female incubation, and corrected
male attendance over the nest cycle for study sites in Illinois and New York. These analyses used visit number
(;3 days between visits) as a surrogate for nest age. Analyses are based on 1166 nest visits (sites pooled),
except for the corrected attendance analysis, which excludes visits when a female was incubating (n 5 652) for
the purpose of calculating the frequency of male attendance.

Effect df

Attendance
r2 5 0.43

F P

Incubation
r2 5 0.54

F P

Corrected attendance
r2 5 0.56

F P

Site 1 0.2 0.65 7.9 0.01 1.5 0.24
Visit 1 1.5 0.008 2.9 0.11 11.2 0.005
Visit 3 Visit 1 7.9 0.006 4.8 0.05 14.2 0.002
Error 14

dation may not be entirely independent variables.
Therefore, we used chipmunk density as an indepen-
dent variable to assess nest predation risk at the New
York study site (no predator density estimates were
available for the Illinois study site). Nest predation risk
is positively related to current rodent densities
(Schmidt and Ostfeld 2003) thus we expected nest-
attendance to increase with chipmunk density if male
thrushes can repel chipmunks. We chose to use chip-
munk density rather than cumulative rodent density be-
cause predation by mice would likely occur during the
night when males do not guard. We used linear re-
gression to examine the relationship between the fre-
quency of nest-attendance and chipmunk density. We
use SYSTAT v. 10.1 for all statistical analyses (Systat
2000). For all tests, we used a significance level of a
5 0.05.

RESULTS

DISTRIBUTION OF ATTENDANCE BETWEEN NEST
SITES, OVER THE NEST CYCLE, AND AMONG MALES

Patterns of nest-attendance and incubation by male and
female Wood Thrushes, respectively, were unimodal
(i.e., significant quadratic term in all regressions, Table
2) across the nesting cycle. The frequency of nest-at-
tendance increased up to the 5th visit, the approximate
time of hatching, and declined thereafter. This pattern
held whether we corrected the frequency of nest-atten-
dance by accounting for the presence of an incubating
female or not. In addition, there was no effect of site
(Table 2) on the frequency of nest-attendance. In con-
trast, there was a site effect for incubation frequency
with females observed about 20% more frequently on
nests at the New York study site.

Using only visits without the female present, males
were observed (i.e., attending) on 76 of 514 nest visits
(15%). At 24 nests, we observed the male on multiple
visits, with 21 nests having two observations each.
This number lies well above the expected value of 9.2
(Z 5 2.8, P , 0.01), and we conclude that nest-atten-
dance is not homogeneous between males.

NEST-ATTENDANCE AND NEST SUCCESS

We visited 87 nests at the Illinois study site a total of
426 times. Females were present on 184 visits (43%)
and males present on 27 visits (6%). ANCOVA indi-
cated that both main effects (visit number and male

attendance) and their interaction were significant and
explained 85% of the variation in the data. Nesting
success was greater at attended than unattended nests
(F1,10 5 16.6, P , 0.01). Likewise, the significant in-
teraction term between number of visits and nest-at-
tendance (F1,10 5 8.0, P , 0.02) indicated that the
relationship between these two variables differed de-
pending upon nest outcome in accordance with our
predictions. When analyzed separately via linear re-
gression, there was a significant relationship between
nesting success and the number of visits for unattended
nests only (r2 5 0.94, P , 0.001), such that attended
nests had extremely high nest success (on average 18
of 20 nests), regardless of the number of visits made
(r2 , 0.20, P . 0.35).

For nests located at the New York study site, we
visited 149 nests a total of 740 times. Females were
present on 468 visits (63%) and males were present on
49 visits (7%). ANCOVA explained 87% of the vari-
ation in the data, but neither nest-attendance (F1,9 5
1.4, P . 0.25) nor the interaction between visit number
and attendance (F1,9 5 1.0, P . 0.30) had significant
effects.

ANNUAL VARIATION IN NEST-ATTENDANCE

The annual frequency of male nest-attendance was
negatively related to the annual density of chipmunks
(r2 5 0.83, P 5 0.03; Fig. 1).

DISCUSSION

Our results indicate that nest-attendance, or a correlat-
ed response such as nest defense, by male Wood
Thrushes may result in higher nesting success by re-
ducing the probability of nest predation, the only cause
of nest failure considered in this study. Attended nests
in Illinois had significantly greater nesting success than
unattended nests, after correcting for the number of
nest visits. In contrast, attended nests at the New York
study site had comparable nest success rates to unat-
tended nests after making the same corrections. The
frequency of nest-attendance between the two sites did
not differ and thus cannot explain the differences in
nest success between sites.

We suggest that the differences in the effectiveness
of nest attendance/guarding may reflect differences in
the identity of nest predators between the two sites.
Blue Jays were the dominant nest predators in Illinois
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FIGURE 1. The annual frequency of nest-attendance
(using proportion of visits without an incubating fe-
male) in male Wood Thrushes declined with the annual
abundance of chipmunks over a 5-yr study in Dutchess
County, New York. Annual chipmunk abundance was
enumerated as the mean minimum number alive de-
termined from six 2.25 ha trapping grids (except 1998
when chipmunk abundance was determined from only
3 grids; chipmunks were removed from the 3 remain-
ing grids).

(as were raccoons, but it is unlikely they could be re-
pelled or that diurnal nest-attendance would be effec-
tive) and we observed several instances in which Blue
Jays were aggressively chased away from Wood
Thrush nests by attending parents. Some but not all,
of those nests subsequently fledged young. Olendorf
and Robinson (2000) showed that aggressive responses
by the smaller Acadian Flycatchers (Empidonax vires-
cens) to Blue Jay models correlated positively with
nest success, but whether the flycatchers can repel nat-
ural attacks by jays is unknown.

In contrast, small rodents and raptors are dominant
predators of Wood Thrush nests at the New York study
site (Schmidt et al. 2001, Schmidt and Ostfeld 2003,
Table 1), whereas Blue Jays are uncommon. Ascer-
taining whether Wood Thrushes can successfully deter
rodent predators will likely require extended observa-
tions at nests. However, Sharp-shinned Hawks have
been observed successfully depredating a Wood
Thrush nest (3 chicks were taken) and in at least 8
instances we have indirect evidence (piles of plucked
feathers, corpses, or females that vanished midway
through incubation) that raptors have killed adults or
young (Schmidt and Ostfeld 2003, KAS, pers. obs.).
A Barred Owl and Northern Goshawk (Accipiter gen-
tilis) were also videotaped depredating Veery (Catha-
rus fuscescens) nests at the New York site. Consistent
with these observations of successful raptor attacks,
nest-attendance was not effective at the New York
study site. We also expected nest-attendance to be rel-
atively lower in the New York population both because

of its limited effectiveness and because raptors posed
significant risks to adult thrushes at the nest in New
York but not in Illinois. Instead, Wood Thrushes had
similar rates of nest-attendance between sites, and in
fact similar to a Delaware population (4.3 minutes per
hour or 7% of time compared to our findings of 7%
of observations after pooling study sites; Walton
1994).

We also found a significant pattern of male nest-
attendance across the nest cycle that is roughly com-
parable to this Delaware population. Walton (1994)
completed 285 hours of observation at 35 Wood
Thrush nests and found no significant difference across
the nest cycle in the total amount of time male thrushes
spent at the nest, with the exception of nests where the
oldest chick was between the ages of 1 and 4 days old.
Similarly, nest-attendance peaked in both of our study
populations at or around the time of hatching, but was
significantly less before and after. Lastly, we found that
male Wood Thrushes differed in their degree of nest-
attendance. Multiple observations of nest-attendance at
individual nests occurred more than was expected by
chance. Similarly, Walton (1994) found that second
year males spent 2.5 times longer at nests than did
older (after second year) males. This may have ac-
counted for our observations; however birds in our
study were of unknown age.

Recent studies by Ghalambor and Martin (2001,
2002) and others have revealed both inter- and intra-
specific variability in parental care in response to
stage-specific mortality risks. For instance, Komdeur
and Kats (1999) showed that nest-guarding by male
Seychelles Warblers (Acrocephalus sechellensis) de-
creased from ; 40% to ,5% of the daily time budget
of warblers translocated to an island free of predators.
Likewise, both male and female Lapwings (Vanellus
vanellus) adjusted their activities such that more time
was spent guarding nests when predator incidence was
higher (Sasvári and Hegyi 2000). Variability in nest
defense related to the threat of predation has also been
seen in other taxa (Popiel et al. 1996).

In contrast, we found evidence that Wood Thrushes
in New York decreased their level of nest-attendance
in relation to the density of chipmunks, an independent
measure of the risk of nest predation. It is unlikely that
chipmunks represent a threat to adults, but chipmunks
may be positively correlated with the abundance of
raptors (Schmidt and Ostfeld 2003), which do pose a
considerable threat. Until we know more about raptor
abundance at our New York site, our study stands in
contrast to those discussed above that demonstrated an
increase in nest-attendance, guarding, or defensive be-
havior in response to increased threats of nest preda-
tion.

Plasticity in defense behavior (including attendance
and guarding) and variability in its effectiveness re-
mains an important component of behavioral and eco-
logical studies. Whether birds can assess the threat of
predation and respond accordingly has implications for
life history theory and has been important for reveal-
ing interspecific differences in reproductive behavior.
Our study demonstrates that it is possible to collect
meaningful information on nest-attendance or other re-
lated behaviors during routine nest inspections, as first
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suggested by Davis (1954). However, we caution
against over generalizing this statement to include al-
ternative behaviors (e.g., continuous variables such as
feeding rates) without preliminary evaluation. The ad-
vantage of the snapshot approach includes ease of col-
lecting data from frequent nest inspections that greatly
increases the ability to collect large amounts of data
over many sites and years. Such an approach is nec-
essary for comparing spatial and temporal variability
in natural nest-guarding or defense behavior. Indeed,
there are few studies that have compared nest-guarding
behavior of a single songbird species across time and
space (but see Komdeur and Kats 1999). In doing so,
we have found similarities in the level and timing of
nest-attendance between spatially separated Wood
Thrush populations but differences in the relationship
between nest-attendance and nest success. The disad-
vantage of our methods lies in the presence of uncon-
trolled variables, which limit our ability to draw strong
inference on the operation of specific mechanisms.
While quantitative estimates will likely have greater
power to detect differences and establish quantitative
relationships, time and effort are not always available.
Furthermore, the amount of effort necessary to make
comparisons between widely dispersed sites and across
many years increases greatly in quantitative studies.
Therefore, ecologists should consider collecting and
sharing information on nesting behaviors during rou-
tine studies.
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ULTRAVIOLET BEAK SPOTS IN KING AND EMPEROR PENGUINS
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Abstract. In seabirds, colors of feathers and exter-
nal tissues have only recently been studied, and ultra-
violet (UV) color has not yet been detected. Using live
individuals as well as museum skins, we found UV
peaks of reflectance in two large Aptenodytes species,
King (A. patagonicus) and Emperor (A. forsteri) Pen-
guins. UV reflectance did not occur on the feathers,
claws, or skin of these species, nor did we find UV
reflectance in five other genera of penguins (11 spe-
cies). UV peaks overlapped with spots of color on the
lower beak that appeared orange for human observers,
and beak spots differed slightly in location between
the two species. Adults of both sexes possessed these
UV markings, but they were lacking in juveniles, as
was the orange color of the beak spot, and auricular
patches used for selecting mates. Finally, measure-
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ments of free-ranging King Penguins showed that re-
cently paired birds had higher UV reflectance than
courting ones, suggesting possible roles of UV beak
spots in pairing and as an indicator of sexual maturity.

Key words: Aptenodytes, mate choice, ornament,
penguin, ultraviolet reflectance.

Manchas Ultravioleta en el Pico de los
Pingüinos Aptenodytes patagonicus y A.
forsteri

Resumen. En las aves marinas, los colores de las
plumas y los tejidos externos sólo han sido estudiados
recientemente, y el color ultravioleta (UV) todavı́a no
se ha detectado. En individuos vivos ası́ como en piel-
es de museo, nosotros encontramos picos de reflectan-
cia UV en dos especies de pingüinos, Aptenodytes pa-
tagonicus y A. forsteri. El color UV no se encontró en
las plumas, las garras o la piel de estas especies, ni
encontramos color UV en otros cinco géneros de pin-
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güinos (11 especies). Los puntos UV se encontraban
superpuestos con manchas de color ubicadas en la par-
te baja del pico que parecı́an anaranjadas para los ob-
servadores humanos. Las manchas del pico difirieron
levemente en forma y localización entre las dos es-
pecies. Los adultos de ambos sexos presentaron las
manchas UV, pero éstas no estaban presentes en los
juveniles, al igual que el color anaranjado de la man-
cha del pico y los parches auriculares empleados en la
selección de parejas. Medidas tomadas en individuos
libres de la especie A. patagonicus demostraron que
los que se habı́an apareado recientemente tenı́an pre-
sentaban reflectancias de UV mayores que las de aque-
llos que aún estaban cortejando, lo que sugiere un po-
sible papel de las manchas UV del pico en el aparea-
miento y como indicadoras de la madurez sexual.

A substantial part of the visual color spectrum of birds
is not visible to the human eye, specifically the ultra-
violet region (UV, wavelengths of 320–400 nm; Ben-
nett and Cuthill 1994, Cuthill et al. 2000b). Whereas
mammals have three types of cone receptors to per-
ceive colors, most birds have four types of cones, in-
cluding one that is sensitive to ultraviolet light (Chen
et al. 1984). Ultraviolet plumage reflectance has been
found in a number of avian species (Eaton and Lanyon
2003). Although UV does not seem to be more im-
portant than other regions of the avian-visual spectrum
(Hunt et al. 2001, Maddocks et al. 2001), together with
other wavelengths, UV reflectance has been shown to
play an important role in tasks such as mate choice
(Hausmann et al. 2003), and prey detection and for-
aging (Johnsen et al. 1998, Sheldon et al. 1999, Cuthill
et al. 2000a, Maddocks et al. 2002, Siitari and Huhta
2002) in several different bird species.

Color patterns of terrestrial birds have been well
studied, but there is little research on seabird colora-
tion (Jones and Hunter 1993, Cuthill et al. 2000a). A
number of studies have identified UV reflectance from
skin or scales in fish and lizards (Endler 2000), but
there are only a few examples of birds having distinct
UV reflectance from horned beak tissues (Hunt et al.
2003, Peters et al. 2004). Penguins, although poorly
known, are ideal for a study of color because of their
variation in color patterns; some species exhibit strik-
ingly colored feathers and bill spots, while others do
not. Because they are relatively unafraid of observers,
penguins are easy to study, including taking measure-
ments, and manipulating color patterns. One of the first
studies to experimentally manipulate penguin plumage
found striking results; the removal of colored feathers
resulted in bachelor males having difficulty acquiring
a mate (Jouventin 1982). Also, colored plumage of the
Yellow-eyed Penguin (Megadyptes antipodes) has re-
cently been found to be related to age, body condition,
and breeding success (Massaro et al. 2003).

Plumage color is produced by either the deposition
of pigments ingested in the diet, synthesized from di-
etary precursors, or on a precisely ordered nanostruc-
ture that reflects UV light (Shawkey et al. 2003). It is
widely accepted that pigment-based coloration can sig-
nal body and breeding condition (Hill 1991, Veiga
1993) and recent evidence shows that structural colors
are linked to diet quality (Keyser and Hill 1999, Shel-

don et al. 1999, Doucet 2002). Thus, colored orna-
ments may indicate the quality (i.e., its future capacity
to feed and rear young) of the signaling bird.

In the present study, we examined species-specific
UV reflectance of plumage and horny tissues from mu-
seum skins of the penguin family (Spheniscidae). We
tested birds of both sexes and all age classes for the
presence of UV reflectance. We took the same mea-
surements from a captive population of King Penguins
and compared their UV reflectance with that of the
museum skins. We focused on one genus (Aptenody-
tes) comprising two species, the King (A. patagonicus)
and Emperor (A. forsteri) Penguins, that breed on sub-
Antarctic islands and on the edge of the Antarctic con-
tinent, respectively. At ;1-m high and 10–40 kg, in-
dividuals of these species are the largest seabirds. Both
species exhibit a beak spot on both sizes of the lower
mandible that appears orange (with variations among
individuals from yellow to red). We describe UV re-
flectance from these beak spots, and present field mea-
surements that suggest a possible signal function of
this UV reflectance. In a separate field study, we com-
pared the beak spots of nonpaired (courting) and paired
(mated) adult King Penguins, to investigate the pos-
sible signaling function of these UV-reflecting mark-
ings during mate choice.

METHODS

MEASUREMENTS OF MUSEUM SKINS AND CAPTIVE
BIRDS

We used a spectrometer to examine reflectance from
45 skins (13 species from six genera, if we consider
Southern and Northern Rockhopper Penguins as dis-
tinct species) in the National Museum of Natural His-
tory (Paris, France) on 19 September 2002 and 24
March 2003 (Table 1). Most birds were collected 30
years ago in the French Austral and Antarctic Terri-
tories. We measured spectral reflectance from feathers
(white, black and colored) as well as horned skins
(foot, claw, upper and lower mandible) for all species.
For a more detailed investigation of coloration, we
measured nine adult King Penguins, 10 adult Emperor
Penguins, 10 juvenile King Penguins, and four juvenile
Emperor Penguins. We also measured an additional
seven live King penguins (six males, one female) on
23 March 2003 that were held in captivity at Océan-
opolis-Brest.

Reflectance measurements were made on penguins
with a USB2000 spectrometer (Ocean Optics),
equipped with a PX2 pulsed-xenon flash, and calibrat-
ed against a white standard (WS-2 Spectralon, Ocean
Optics) with a resolution of 0.3 nm across the spectral
range of 300–700 nm. We took measurements using a
fiber-optic cable held at a 908 angle to the area of in-
terest. We collected 3 to 5 measurements for each area,
whether plumage or horny tissue, removing the probe
between each measurement. We used nonparametric
(Wilcoxon) tests to compare the spectral frequency at
the point of highest reflectance in the UV range, and
to compare proportional reflectance at the UV peak for
museum specimens and live King Penguins, and for
paired and unpaired King Penguins. Data are presented
as mean 6 SD.
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FIGURE 1. Spectral reflectance curves from the lower mandible of 11 penguin species; only the King (Ap-
tenodytes patagonicus) and the Emperor (A. forsteri) showed distinct UV reflectance (320–400 nm).

FIGURE 2. The precise location of UV reflectance on the lower orange part of the beak differs between
Emperor and King Penguins. Colored auricular and breast feathers are also indicated.

FIELD MEASUREMENTS

We captured 57 adult King Penguins on Possession
Island (468259S, 518459E) in the Crozet Archipelago
(Indian Ocean), in a 2-week period in early January
2002. We identified adults by their orange auricular
feathers and beak spots. ‘‘Nonpaired’’ birds (n 5 23)
were identified by their early nuptial displays (nuptial
call), and by their association with a location on the
beach where most mating occurs. ‘‘Paired’’ birds (n 5
34) were identified by their late nuptial displays
(‘‘face-to-face’’, ‘‘bill clapping’’, ‘‘waddling gait’’,
Jouventin 1982), and by their location in the brooding
part of the colony. We captured an additional 134 in-
dividuals between mid-November 2001 and mid-Jan-
uary 2002 for which pairing status was unknown.

For all captured penguins, we took two measuments
of the color of the beak spot at its widest point near
the base of the beak using a Colortron (X-rite, Grand-
ville, Michigan) portable reflectance spectrometer and
averaged the measurements using Colorshop software
(X-Rite, Grandville, Michigan). A Colortron spectrom-
eter relies on twin tungsten light sources and daily cal-
ibrations against factory-supplied absolute black and
absolute white standards to attain 10 nm resolution.

The Colortron is sensitive across human-visible wave-
lengths and partially into the UV range of bird vision
(390–700 nm); so we used percent reflectance at 400
nm as an index of peak UV reflectance of wild pen-
guins. From King Penguins measured in captivity, the
correlation between reflectance at 400 nm (Colortron)
and peak UV reflectance (Spectrometer) was strong (r
5 0.87, n 5 7, P 5 0.03). Thus, we are confident that
this technique provided a reasonable and accurate mea-
surement to compare courting and paired birds.

RESULTS
MUSEUM SPECIMENS AND CAPTIVE BIRDS

Of the 13 penguin species investigated (table 1), we
show the reflectance curves for 11 of these species
(Fig. 1). Some species such as the Gentoo Penguin
(Pygoscelis papua) or all the crested Penguins (Eudyp-
tes genus) show a colored beak, but only beak spots
of the Emperor Penguin and King Penguin (Aptenody-
tes genus) exhibited a reflectance peak in the UV. Beak
spots extended forward of the posterior end of the beak
(Fig. 2). Beak spots of Emperor Penguins were closer
to the top of the beak (where the two mandibles join)
and were broader than those of King Penguins.
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Visual inspection of the reflectance graphs from the
other 11 penguin species showed no distinct UV peak
reflectance (Table 1). We found no distinct peak of UV
reflection from any other color patch, including white
feathers on the throat, black feathers on the back, col-
ored feathers on the breast, stomach, throat, and auric-
ular patches (orange-yellow in large penguins), black
horny tissue of the beak, or on the claw or the black
skin of the foot. Chicks and juveniles showed no UV
reflectance on the beak (Fig. 3a), however, the super-
ficial tissue on the lower mandible (the orange-colored
beak spot) of adult large penguins was reflective in the
UV (Fig. 3c). UV reflectance peaks were also absent
in molting birds (Fig. 3d), but the sample size was too
small (n 5 2) to be conclusive.

From comparing King Penguin beak spots from mu-
seum skins with captive live birds (Fig. 3b), we found
that peak UV reflectance was 13% greater in living
birds (59% 6 4% in live birds and 46% 6 4% in
museum skins; Wilcoxon test, z 5 3.3, P 5 0.001, n
5 7, 9 live and museum birds, respectively). The
wavelength of the UV peak (otherwise referred to as
hue) varied within the same species, when comparing
living birds and museum skins: live King Penguins
reflected at 380 6 1 nm, while museum specimens
reflected at 401 6 2 nm (Wilcoxon test, z 5 3.3, P 5
0.001, n 5 7, 9 live and museum skins, respectively).

FIELD MEASUREMENTS

In our field measurements of beak UV reflectance, we
compared courting birds (n 5 34) to those individuals
already mated (n 5 23). Our index of UV reflectance
(at 400 nm, see methods) was higher among paired
King Penguins than among courting birds (means 63%
6 10%, and 54% 6 12%, respectively; Wilcoxon test,
z 5 2.9, n 5 34, 23, P , 0.01). In addition, we found
that males and females did not differ significantly in
UV reflectance (means 65% 6 12% SD, and 61% 6
10%, respectively, Wilcoxon test, z 5 0.8, n 5 17, 17,
P 5 0.41).

DISCUSSION
We know that at least one penguin species (Spheniscus
humboldti) is able to detect UV reflectance, as are most
species of birds studied to date (Chen et al. 1984, Bow-
maker and Martin 1985). Although UV reflectance has
been found in a variety of species (Finger and Burk-
hardt 1994, Andersson 1996), only a few recent studies
have shown UV reflectance from the horned parts such
as the beak (Hunt et al. 2003, Peters 2004). Nonethe-
less, although it is likely that UV reflectance of beak
spots is perceived by Aptenodytes penguins (see be-
low), the function of this reflectance is unclear.

It is unlikely that these UV spots are adaptations to
life at sea because UV light decreases rapidly below
the surface of the water (Bradbury and Vehrencamp
1998). Depths of King Penguin dives are up to more
than 300 m and Emperor Penguins dive deeper than
400 m (Kooyman et al. 1992, Kooyman and Kooyman
1995) where UV, as well most other wavelengths of
light, may be virtually absent. On the water surface, it
is possible that UV-reflecting beak spots may be used
in species-specific identification. Beak spots might
function in a similar manner as contact calls, used to
find congeners at sea (Jouventin 1982), particularly

when penguins hunt in single-species groups (Trem-
blay and Cherel 1999). For birds at sea, however, dis-
tinguishing species using beak spots would be difficult,
and we have no specific evidence to support this func-
tion.

UV ornaments could play a role in pairing of breed-
ing males and females, as an indicator of sexual ma-
turity, or in mate choice (either intrasexual competition
or intersexual selection). We measured only a small
part of the UV range, thus our comparison between
mated and nonmated penguins can only be considered
a preliminary examination of the signaling function of
UV beak reflectance during pairing. However, further
study using a spectrometer recently confirmed the re-
sults of our Colortron measurements (Jouventin et al.
in press), and supported our finding that UV reflec-
tance of beak spots did not differ between male and
female King Penguins, and did not appear until indi-
viduals mature sexually (Nicolaus, Nolan, and Jouven-
tin, unpubl. data).

An increasing number of studies of birds indicate
the importance of coloration (including UV) in inter-
sexual signaling (Bennett et al. 1996, Johnsen et al.
1998), and this likely applies to penguins as well (Jou-
ventin 1982, Massaro et al. 2003). In addition, auric-
ular patches of orange feathers, as well as beak spots,
are prominently exposed as the head and neck are used
during behavioral displays associated with pairing in
King and Emperor Penguins (Jouventin 1982). Nuptial
displays have been described in several species of pen-
guins, and King and Emperor Penguins share several
similarities associated with these displays: colorful
head feathers and beak of adults, but muted or lacking
coloration in sub-adults, and the use of highly-ritual-
ized postures that exhibit the head (‘‘face-to-face’’,
Jouventin 1982). These similarities imply that colored
feather patches as well as UV and orange colors of
beak spots are good candidates for a role as optical
signals.

The lower mandibles of King and Emperor Penguins
are not only UV reflective, but also orange in color.
The short-wave peak is close to the maximum sensi-
tivity of the SWS1 visual pigment (VS cone) of pen-
guins (ca. 405 nm, Bowmaker and Martin 1985, Wilkie
et al. 2000, Ödeen and Håstad 2003). It is unclear if
UV reflectance is a specific signal, or complementary
to the orange coloration of lower mandibles. In addi-
tion, more than one color trait might influence pairing.
For example, King Penguins have orange patches of
auricular feathers that likely play a role in mate choice
(Jouventin 1982, Jouventin et al., in press). A specific
UV influence is not demonstrated by our association
of UV reflectance of the beak spot and whether an
individual was paired, because all wavelengths of light
are present and perhaps visible to penguins. Conse-
quently, additional measurements and sophisticated
field experiments will be necessary to further investi-
gate these UV peaks on the beak spots of penguins.

We thank Guy Lecorvec and Jean-Marc Pons for
access to museum specimens at the Muséum National
d’Histoire Naturelle de Paris (MNHN). At Océanopolis
de Brest, we thank Eric Hussenot, Sami Hassani, Jean-
Yves Leclech, and Christine Dumas for their cooper-
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TABLE 1. Results of spectrometer measurements from different body areas and plumage (black, white, and
colored) from museum specimens of 13 different penguin species.

Species Age class Locality Measurement locations
Presence of
a UV peak Sample size

King Penguin (Ap-
tenodytes pata-
gonicus)

adult Kerguelen Is. (In-
dian Ocean)

white & black feathers,
black skin (foot &
claw), black part of
beak, orange auricular
feathers

No 9

adult Kerguelen Is. (In-
dian Ocean)

orange spot on lower
mandibles

Yes 9

juvenile &
chick

Kerguelen Is. (In-
dian Ocean)

beak No 10

Emperor Penguin
(Aptenodytes for-
steri)

adult Terre Adélie (Ant-
arctica)

white & black feathers,
black skin (foot &
claw), black part of
beak, yellow auricular
feathers

No 10

adult Terre Adélie (Ant-
arctica)

orange spot on lower
mandibles

Yes 10

juvenile &
chick

Terre Adélie (Ant-
arctica)

beak No 4

Adélie Penguin
(Pygoscelis ade-
liae)

adult Terre Adélie (Ant-
arctica)

feathers, feet, beak No 2

Gentoo Penguin
(Pygoscelis pap-
ua)

adult Crozet Is. (Indian
Ocean)

feathers, feet, beak No 2

Chinstrap Penguin
(Pygoscelis ant-
arctica)

adult Terre Adélie (Ant-
arctica)

feathers, feet, beak No 2

Macaroni Penguin
(Eudyptes chry-
solophus)

adult Crozet Is. (Indian
Ocean)

feathers, feet, beak No 2

Subantarctic Rock-
hopper (Eudyp-
tes chrysocome
chrysocome)

adult Crozet Is. (Indian
Ocean)

feathers, feet, beak No 2

Subtropical Rock-
hopper (Eudyp-
tes chrysocome
moseleyi)

adult St Paul Is. (Indian
Ocean)

feathers, feet, beak No 2

Erect-crested Pen-
guin (Eudyptes
sclateri)

adult New Zealand feathers, feet, beak No 1

Little Penguin (Eu-
dyptula minor)

adult New Zealand feathers, feet, beak No 2

Galapagos Penguin
(Spheniscus
mendiculus)

adult Galapagos Is.
(Equator)

feathers, feet, beak No 2

Jackass Penguin
(Spheniscus de-
mersus)

adult Cape of Good
Hope (South Af-
rica)

feathers, feet, beak No 2

Peruvian Penguin
(Spheniscus
humboldti)

adult Chile (South
America)

feathers, feet, beak No 2

Yellow-eyed Pen-
guin (Megadyp-
tes antipodes)

adult Campbell Is (New
Zealand)

feathers, feet, beak No 1
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FIGURE 3. UV-reflectance peaks were: a) present in adults large penguins and absent in immature museum
skins (shown here in Emperor Penguins), b) 13% higher in living King Penguins than in museum skins, c)
variable according to the place on the lower mandible (high reflectance on the spot, medium near the posterior
end of the beak, null at the top of the beak, and d) absent in molting birds. Curves depict an average reading
from all measured individuals (see Table 1 and text). Error bars represent standard error of the mean.
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NOCTURNAL HYPOTHERMIA IN SEASONALLY ACCLIMATIZED MOUNTAIN
CHICKADEES AND JUNIPER TITMICE

SHELDON J. COOPER1 AND JAMES A. GESSAMAN

Department of Biology, Utah State University, Logan, UT 84322

Abstract. We measured body temperature of Moun-
tain Chickadees (Poecile gambeli) and Juniper Titmice
(Baeolophus ridgwayi) at different times of day and
under a range of ambient temperatures in order to de-
termine the use of nocturnal hypothermia in seasonally
acclimatized small passerines. Our findings show both
species used nocturnal hypothermia year-round. Depth
of hypothermia was inversely correlated to body mass
in Juniper Titmice but not in Mountain Chickadees. In
both species, depth of hypothermia did not vary sea-
sonally but nocturnal body temperature was regulated
3–118C lower than daytime values. Nocturnal energy
savings range from 7%–50% in chickadees and from
10%–28% in titmice. These nocturnal energy savings
translate into ecologically important reductions in daily
energy expenditures for these two species.

Key words: Baeolophus ridgwayi, body tempera-
ture, energy metabolism, nocturnal hypothermia, Poe-
cile gambeli.

Hipotermia Nocturna en Individuos de Poecile
gambeli y Baeolophus ridgwayi Aclimatados
Estacionalmente

Resumen. Medimos la temperatura corporal de
Poecile gambeli y Baeolophus ridgwayi a diferentes
horas del dı́a y en un rango de temperaturas ambien-
tales para determinar el uso de hipotermia nocturna en
pequeñas aves paserinas aclimatadas estacionalmente.
Nuestros resultados muestran que ambas especies pre-
sentaron hipotermia nocturna durante todo el año. La
profundidad de la hipotermia estuvo inversamente co-
rrelacionada con la masa corporal en B. ridgwayi, pero
no en P. gambeli. En ambas especies, la profundidad
de la hipotermia no varió estacionalmente, pero la tem-
peratura corporal nocturna estuvo regulada 3–118C por
debajo de los valores diurnos. El ahorro nocturno de
energı́a varió entre 7%–50% en P. gambeli y entre
10%–28% en B. ridgwayi. Estos ahorros nocturnos de
energı́a se tradujeron en reducciones ecológicamente
importantes en los gastos diarios de energı́a para am-
bas especies.

Manuscript received 25 May 2004; accepted 22 Oc-
tober 2004.

1 Present address: Department of Biology and Mi-
crobiology, University of Wisconsin, Oshkosh, Osh-
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Species that overwinter in cold climates endure peri-
ods of potentially high energetic demands, especially
for small birds that live at high latitudes or altitudes
(Bryant and Tatner 1988, Weathers et al. 1999, Cooper
2000, Webster and Weathers 2000, Doherty et al.
2001). Birds that overwinter in cold temperate regions
must maintain high metabolic rates in order to main-
tain normothermic body temperatures during times of
extreme cold, shorter daylength, and possible de-
creased access to food due to snow or ice cover. How-
ever, during the nocturnal roost, facultative hypother-
mia may be used to save energy and decrease foraging
needs (McKechnie and Lovegrove 2002).

Hypothermia is defined as any core body tempera-
ture (Tb) below the setpoint specified for the active
state of the species. For birds, hypothermia generally
occurs nocturnally and has traditionally been defined
as a decrease in Tb to 30–388C (Reinertsen 1996); a
reduction from the mean of 41.68C for the active phase
of most songbirds (Prinzinger et al. 1991). Nocturnal
hypothermia has been documented for several passer-
ine species in the family Paridae, such as Black-capped
Chickadees (Poecile atricapilla), Carolina Chickadees
(P. carolinensis), Gray-headed Chickadees (P. cincta),
and Willow Tits (P. montana, Steen 1958, Haftorn
1972, Chaplin 1976, Mayer et al. 1982, Reinertsen and
Haftorn 1983). For these species, a reduction in Tb of
4–108C resulted in savings of 10%–33% in overnight
energy expenditure. However, general patterns of hy-
pothermia in parids are not consistent. For example,
Black-capped Chickadee, living in Alaska near the
northern range boundary had nocturnal Tb only 38C
below daytime Tb (Grossman and West 1977). How-
ever, Sharbaugh (2001) recorded an average reduction
in Tb of 4–108C in Black-capped Chickadees from
Alaska that were exposed to cold temperature in both
summer and winter. In contrast to Black-capped Chick-
adees, depth of hypothermia varied seasonally in Wil-
low Tits (Reinertsen and Haftorn 1983) where winter
birds had lower hypothermic Tbs than their summer
counterparts. In addition, Reinertsen and Haftorn
(1986) found that Great Tits (Parus major) did not
utilize nocturnal hypothermia unless they had below-
normal energy reserves when entering the roost.

We measured Tb over a wide range of ambient tem-
peratures in seasonally acclimatized Mountain Chick-
adees (Poecile gambeli) and Juniper Titmice (Baeolop-
hus ridgwayi). Mountain Chickadees and Juniper Tit-
mice are small, mostly nonmigratory members of the
Paridae family that occupy coniferous forests of west-
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ern North America. They inhabit relatively high alti-
tude regions (;700–3300 m; Bent 1946) characterized
by harsh climatic conditions throughout much of the
year. Thus, they may use hypothermia to a greater ex-
tent than parids from low altitudes.

METHODS

Mountain Chickadees and Juniper Titmice were cap-
tured in Box Elder and Cache County, Utah, (1700–
2250 m altitude) in mist nets in summer and winter of
1994 to 1996. Body mass was measured upon capture
to the nearest 0.1 g with a portable electronic balance
(Ohaus CT-1200, Pine Brook, New Jersey). Following
capture, birds were transported to the laboratory where
they were housed individually in cages (30 3 25 3 30
cm) placed inside a temperature-controlled environ-
mental chamber (3 3 3 3 2.5 m). The environmental
chamber and photoperiod followed a daily cycle that
approximated the season and study site to which the
bird had been accustomed. While in captivity, birds
were provided free access to water, grit, and food (Te-
nebrio larvae and sunflower seeds). All individual
birds maintained mass while in captivity. Individuals
were tested within 1 week of capture. Birds tested from
11 May to 30 August were designated ‘‘summer
birds,’’ and those tested from 25 November to 1 March
were designated ‘‘winter birds.’’

BODY TEMPERATURE MEASUREMENTS

All Tb measurements were taken using a 30-gauge cop-
per-constantan thermocouple attached to an Omega
thermometer (Model HH25-TC, Stamford, Connecti-
cut). The thermocouples were calibrated to a mercury
thermometer traceable to the U.S. Bureau of Standards.
The thermocouple was inserted into to the cloaca to a
depth where further insertion did not alter temperature
reading (approximately 10–12 mm). Body temperature
was recorded immediately upon capture and after day-
time and nighttime metabolic measurements.

METABOLIC RATE MEASUREMENTS

Details on the measurement of metabolic rate at am-
bient temperatures (ranging from 210 to 308C) are re-
ported in Cooper (2000), and Cooper and Gessaman
(2004). Briefly, birds were placed into a metabolic
chamber constructed from a 3.8-L paint can. The in-
side of the can was painted flat black to provide an
emissivity near 1.0. Birds rested on hardware cloth
above paraffin oil that was used to collect excreta.
Rates of oxygen consumption (V̇O2) were measured
continuously using open-circuit respirometry with an
Ametek S-3A oxygen analyzer (Pittsburgh, Pennsyl-
vania). Dry, CO2-free air was drawn through the met-
abolic chamber using a diaphragm pump. Outlet flow
rates of dry, CO2-free air were maintained at 452–460
mL min21 which yielded changes in oxygen content
between influx and efflux gas of 0.3% and 0.6% and
maintained oxygen content of efflux gas above 20.3%.
Measurements of outlet gas concentrations were re-
corded every 15 sec on a computer using Datacan 5.0
data collection and analysis software (Sable Systems
International, Las Vegas, Nevada). V̇O2 was measured
on individual birds exposed to a single temperature
within the series for two hours. The first hour was used
to let the bird equilibrate and V̇O2 was measured over

the last hour of the trial. Oxygen consumption was
calculated as steady state V̇O2 using equation 4a of
Withers (1977). All values were corrected to standard
temperature and pressure.

Nocturnal energy savings due to hypothermia for
chickadees and titmice was determined as the differ-
ence between the predicted V̇O2 of normothermic in-
dividuals and the measured V̇O2 of hypothermic indi-
viduals. Predicted normothermic V̇O2 was calculated
at 108C intervals over the Ta range of 210 to 208C
using the equation V̇O2 5 C(Tb 2 Ta), where C is
thermal conductance. Minimal thermal conductance
values for chickadees and titmice from Cooper (1998)
were used at each temperature interval and we used an
average resting phase Tb of 398C (Prinzinger et al.
1991) to calculate normothermic V̇O2.

STATISTICAL ANALYSES

All data are presented as mean 6 SD. Means of Tb

were compared using Student’s t-tests as variances
were not significantly different and data met the as-
sumptions of normality. Least-squares linear regres-
sion was used to evaluate the relationship between am-
bient and body temperature. The effect of body re-
serves on depth of hypothermia in seasonally accli-
matized individuals was determined by a multiple
regression of body mass and Ta on Tb. All statistics
were computed using SPSS 6.1 (Norusis 1989) and we
report statistical significance at P , 0.05.

RESULTS
Mean body mass ranged from 10.8–11.4 g (n 5 100)
in chickadees and from 16.0–17.2 g (n 5 45) in titmice
depending upon season and time of day (Cooper
1998).

Mean daytime Tb of chickadees was 39.2 6 1.68C
in summer (range 5 38.0–43.08C, n 5 50) and did not
significantly differ from daytime Tb of winter chicka-
dees (38.9 6 1.28C, range 5 38.0–42.68C, n 5 42, t90

5 1.0, P 5 0.30). Mean daytime Tb of titmice was
39.8 6 1.68C in summer (range 5 38.5–41.78C, n 5
21) and did not differ significantly from daytime Tb of
winter titmice (39.5 6 1.18C, range 5 38.0–41.68C, n
5 16, t35 5 0.7, P 5 0.47). Nocturnal Tb of chickadees
in summer (35.5 6 1.88C, range 5 31.5–37.68C, n 5
18) did not significantly differ from nocturnal Tb of
winter chickadees (36.0 6 2.28C, range 5 31.1–
38.88C, n 5 23, t39 5 20.9, P 5 0.39). There was no
significant difference (t40 5 0.7, P 5 0.47) in nocturnal
Tb of titmice in summer (35.8 6 2.68C, range 5 28.3–
38.68C, n 5 24) or winter (35.3 6 2.08C, range 5
31.2–38.88C, n 5 18, Fig. 1). However, in summer and
winter, mean nocturnal Tb was significantly lower than
mean daytime Tb (summer chickadees; t66 5 27.7, P
# 0.001, summer titmice; t43 5 26.6, P # 0.001, win-
ter chickadees; t63 5 27.0, P # 0.001, winter titmice;
t32 5 27.6, P # 0.001) indicating that regardless of
season, chickadees and titmice use nocturnal hypo-
thermia as a strategy to save energy. Since continuous
Tb measurements for individuals were not recorded, the
exact duration of the hypothermic period is unknown.
The duration of the hypothermic period was estimated
by visual inspection of a quadratic fit of time on Tb.
The duration of the hypothermic period was calculated
as the time period in which the average Tb was below
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FIGURE 1. Daily body temperature rhythm of sum-
mer and winter-acclimatized Mountain Chickadees and
Juniper Titmice from northern Utah. Lines represent a
quadratic fit of the data. Sample sizes are as follows:
summer chickadees, day, n 5 50 and night, n 5 18;
winter chickadees, day, n 5 42; night, n 5 23; summer
titmice, day, n 5 21 and night, n 5 24; winter titmice,
day, n 5 16 and night, n 5 18.

FIGURE 2. The relationship between nocturnal body
temperature and ambient temperature below the lower
critical temperature for summer and winter-acclima-
tized Mountain Chickadees and Juniper Titmice from
northern Utah. Linear regression equations for summer
titmice: Tb 5 33.67 6 0.22 Ta (n 5 18, r2 5 0.67, P
, 0.001), and winter titmice: Tb 5 33.84 6 0.16 Ta (n
5 12, r2 5 0.80, P , 0.001).

TABLE 1. Calculated energy savings associated with
nocturnal hypothermia in summer and winter-accli-
matized Mountain Chickadees and Juniper Titmice.
Energy savings are the percent reduction in metabo-
lism in hypothermic birds compared to predicted nor-
mothermic rates.

Tempera-
ture (8C)

Summer Energy
Savings (%)

Chickadees Titmice

Winter Energy
Savings (%)

Chickadees Titmice

20 49.8 16.0 39.7 27.8
10 20.1 13.5 17.4 18.2

0 8.9 12.3 12.1 13.6
210 7.1 11.5 12.4 9.7

388C. Nocturnal hypothermia was used by both species
for approximately a 9 to 10-hr period in summer and
a 14-hr period in winter (Fig. 1).

Depth of hypothermia in seasonally acclimatized
birds exposed to temperatures below their lower criti-
cal temperature varied with Ta in titmice (Fig. 2) but
not chickadees (summer chickadees; n 5 15, r2 ,
0.001, P 5 0.95, winter chickadees; n 5 10, r2 5 0.20,
P 5 0.20). Body mass did not contribute to depth of
hypothermia in chickadees (summer; n 5 15, P 5
0.23, winter n 5 10, P 5 0.08) but body mass and Ta

were significantly correlated with Tb in titmice (sum-
mer; n 5 18, r2 5 0.79, P , 0.001, winter; n 5 10, r2

5 0.82, P , 0.001).
Nocturnal energy savings, the percent reduction in

metabolism for hypothermic birds compared to pre-
dicted metabolism for normothermic individuals,
ranged from 7%–50% in chickadees and from 10%–
28% in titmice (Table 1). The decreased energy sav-
ings with associated decreased Ta were more pro-
nounced in chickadees compared to titmice.
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DISCUSSION

Mountain Chickadees and Juniper Titmice use noctur-
nal hypothermia throughout the annual cycle. In sum-
mer birds, nocturnal Tb decreased 4–118C below mean
daytime Tb in each species. In winter, nocturnal Tb de-
creased 3–98C below mean daytime Tb in each species.
There were no seasonal differences in mean daytime
or mean nocturnal Tb for either species. This contrasts
with Black-capped Chickadees from New York (Chap-
lin 1974) and Willow Tits (Reinertsen and Haftorn
1983) that have significantly lower nocturnal Tb in
winter relative to other seasons. The lack of seasonal
change in depth of hypothermia may be in part due to
the high climatic variability associated with high alti-
tude. Gray-crowned Rosy-finches (Leucosticte teph-
rocotis) captured in the White Mountains of California
(2500 to 4200 m elevation) also lack seasonal differ-
ences in Tb during nocturnal hypothermia (Clemens
1989).

Although depth of hypothermia was not related to
season, degree of hypothermia below the thermoneu-
tral zone was dependent on Ta in titmice. A similar
relationship was found for Gray-headed Chickadees
(Haftorn 1972), Black-capped Chickadees (Chaplin
1976), and Willow Tits (Reinertsen and Haftorn 1983).
For Mountain Chickadees, the lack of association be-
tween Tb and Ta may allow them to save energy by
using hypothermia at relatively high temperatures dur-
ing the summer.

In addition to Ta, the amount of body reserves ap-
pears to be an important factor in regulating depth of
hypothermia. In titmice, Tb was dependent on the com-
bined effects of Ta and body mass. Thus, birds with
lower energy reserves entering the roost at night de-
creased Tb more than a bird with greater reserves. The
relationship between degree of hypothermia and body
reserves has also been found in Great Tits, Common
Redpolls (Carduelis flammea) and Willow Tits (Rei-
nertsen and Haftorn 1983, 1986). Among chickadees,
body mass was not related to depth of hypothermia in
summer or winter. Since we did not restrict food re-
sources in this study, one explanation may be that
chickadees exhibit this pattern only when energy re-
serves are depleted. However, Hester (1996) also
found that overnight resting metabolic rates and Tbs
were not dependent on energy stores in winter-accli-
matized Black-capped Chickadees. The lack of asso-
ciation between Tb and body mass may provide sig-
nificant energetic savings for mountain chickadees
even when foraging is not restricted.

We calculated nocturnal energy savings to show a
difference in energy savings across a range of temper-
atures. It should be pointed out that energy savings are
not constant. Ta affects Tb in titmice and thermal con-
ductance varies with Ta in summer-acclimatized chick-
adees (Cooper 1998). In addition, as Ta decreases be-
low the lower critical temperature, overall metabolism
increases due to increased thermoregulatory costs.
Thus, the percent energy savings declines with de-
creasing Ta.

Nocturnal hypothermia and the associated savings
in energy can translate into ecologically important re-
duced daily energy expenditure. These daily energy
expenditures can be calculated to show the importance

of nocturnal hypothermia as an energy saving strategy
(Cooper 2000). For example, a 9-hr summer evening
at 108C would result in an energy conservation of 4.75
kJ for chickadees and 4.34 kJ for titmice. These totals
represent a 9.7% reduction in daily energy expenditure
for chickadees and 9.0% reduction for titmice. In win-
ter, chickadees would conserve 9.08 kJ and titmice
would conserve 7.27 kJ during a 14-hr evening atm
2108C. This results in chickadees reducing daily en-
ergy expenditure by 13.7% while titmice would reduce
daily energy expenditure by 7.4%. These energy re-
ductions may be critical to the survival of individuals
especially during inclement winter weather.

Kim Sullivan, Dana Vaughan, David S. Dobkin, and
two anonymous reviewers provided many useful sug-
gestions on earlier drafts of this manuscript. Thanks to
Keith Dixon for providing information on study sites
and to Jaclyn Cooper and Glenn Wilson for lab assis-
tance. This study was supported in part by a North
American Bluebird Society student research grant, a
Sigma Xi Grant-in-Aid of Research to SJC and fund-
ing from the Ecology Center at Utah State University
to JAG. Birds were captured under federal (#PRT-
779300) and state (2COLL1401) scientific collecting
permits.
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Abstract. Genetic variation was evaluated in Flor-
ida Mottled Ducks (Anas fulvigula), and Mottled
Ducks from the larger Texas population using 22 al-
lozyme and 5 microsatellite loci. Both marker types
revealed differences in allele frequencies between pop-
ulations and each population possessed rare and unique
alleles. Overall allelic distributions were significantly
different between the two populations, primarily due
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4 Present address: USDA, Wildlife Services, Nation-
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Collins, CO 80521. E-mail: christen.l.williams@
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to significant differences at three allozyme and four
microsatellite loci. Significant genetic differentiation
was revealed between populations with both marker
types, however, over all loci, only 5–6% of the varia-
tion detected was partitioned between populations. The
Florida population possessed lower levels of allozyme
heterozygosity and allelic diversity than the Texas pop-
ulation. In contrast, microsatellite heterozygosities and
allelic diversity were similar between populations.
These data indicate that there is limited gene flow be-
tween populations, suggesting that populations should
continue to be managed separately.

Key words: allozyme, Anas fulvigula, microsatel-
lite, Mottled Duck.
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Evaluación de la Variación en Aloenzimas y
Microsatélites en Anas fulvigula en Texas y
Florida

Resumen. Se evaluó la variación genética en el
pato Anas fulvigula en Florida y en una población más
grande de Texas, utilizando 22 aloenzimas y 5 loci
microsatelitales. Ambos marcadores revelaron que
existen diferencias entre las poblaciones en sus fre-
cuencias alélicas, y cada población presentó alelos ra-
ros y únicos. La distribución general de alelos fue sig-
nificativamente diferente entre las dos poblaciones, de-
bido principalmente a diferencias significativas en tres
aloenzimas y cuatro loci microsatelitales. Se encontró
una diferenciación genética significativa entre las po-
blaciones considerando ambos marcadores, sin embar-
go, considerando los loci en conjunto, sólo el 5–6%
de la variación detectada estuvo repartida entre las po-
blaciones. La población de Florida presentó niveles
menores de heterocigocidad y diversidad alélica en las
aloenzimas que la población de Texas. En contraste, la
heterocigocidad y la diversidad alélica de los micro-
satélites fueron similares entre las poblaciones. Estos
datos indican que el flujo génico entre las poblaciones
es limitado, sugiriendo que deben seguir siendo ma-
nejadas de modo separado.

Genetic information regarding the structure of natural
populations is increasingly being incorporated into de-
cision-making processes that guide management and
conservation programs. Numerous molecular markers,
such as mitochondrial DNA sequences, minisatellites,
microsatellites, and allozymes, are available to exam-
ine intraspecific genetic diversity. Because these mark-
er types exhibit differences in mutation rates, modes
of inheritance, and levels of polymorphism, estimates
of differentiation can vary dramatically among them
(Hedrick 1999). Although different modes of inheri-
tance may account for differences in population struc-
ture estimates between mitochondrial and nuclear
markers (Crochet 2000), discrepancies in results
among nuclear markers are more enigmatic because
common processes are expected to equally affect nu-
clear makers (in the absence of selection). Compara-
tive studies utilizing different nuclear markers in the
same individuals would further our understanding of
the relevance and utility of each marker type, enhance
our ability to make correct inferences (Ross et al.
1999, Crochet 2000), and ultimately enhance our abil-
ity to interpret such data for applied purposes.

Despite attempts to address theoretical differences
between allozyme and microsatellite data (Beaumont
and Nichols 1996, Hedrick 1999), few empirical stud-
ies have compared results from allozymes and micro-
satellites in the same populations (reviewed by Allen-
dorf and Seeb 2000). Even fewer studies have pre-
sented data from the same individuals for both marker
types (which removes the possibility that differences
between marker types are an artifact of using different
individuals). Most research that has compared allo-
zyme and microsatellite variation in the same individ-
uals has been performed in fishes (Estoup et al. 1998,
Scribner et al. 1998, Lemaire et al. 2000) and inver-
tebrates (Hughes and Queller 1993, Shaw et al. 1999).

Although some studies have detected similar levels of
variance partitioning from both marker types (Scribner
et al. 1998), others have observed marked differences
(Barker et al. 1997, Lemaire et al. 2000). Waterfowl
have been examined extensively for variation at allo-
zyme loci (Rhodes et al. 1991), but until recently rel-
atively few studies have examined variation at micro-
satellite loci (Fields and Scribner 1997, Lanctot et al.
1999, Williams et al. 2002). Given the trend towards
increased use of microsatellite loci, it would be useful
to have a comparison of the utility of these two marker
types in waterfowl.

Mottled Ducks (Anas fulvigula) are nonmigratory
waterfowl with a disjunct distribution in the United
States limited to the Gulf Coast and Florida (AOU
1983). Mottled Ducks are classified as two distinct
subspecies, Mottled Ducks (A. fulvigula malacosa)
found along the Gulf Coast and Mexico and Florida
Mottled Ducks (A. fulvigula fulvigula) that have subtle
phenotypic and color differences (Bellrose 1980). Fu-
ture management decisions regarding Mottled Ducks,
particularly in Florida, necessitate a better understand-
ing of how genetic variation is partitioned within and
between these distinct geographical ranges. In a recent
study of Mottled Ducks, Williams et al. (2002) found
no evidence of genetic structure among populations
within Florida using microsatellite loci. Detailed
knowledge of how the genetic structure between Mot-
tled Duck populations corresponds to the geographical
boundaries will prove useful for management plans in-
volving this game species (Stutzenbaker 1988, Rhodes
et al. 1991). McCracken et al. (2001) interpreted the
presence of two reciprocally monophyletic groups be-
tween mitochondrial haplotypes from Florida and the
Gulf Coast as a lack of current gene flow. However,
47% of the Mottled Ducks they examined fell into a
clade of haplotypes that showed no clear geographic
structure. Given that level of resolution, along with the
matrilineal nature of mitochondrial DNA inheritance,
we felt additional analyses from biparental nuclear loci
would enhance our understanding of Mottled Duck bi-
ology. The extent of nuclear DNA differentiation be-
tween Gulf Coast and Florida Mottled Ducks has not
previously been reported, and would be useful for
comparison with the mitochondrial data. While Mc-
Cracken et al. (2001) focused on delineating popula-
tion segments, our interests include comparing levels
of variation within population segments in addition to
delineating them.

We surveyed Mottled Ducks from the disjunct Flor-
ida and Gulf Coast populations to determine both al-
lozyme and microsatellite variation, and analyzed the
same individuals with both marker types. Our objec-
tives for this research were to 1) compare estimates of
genetic diversity and structure, derived from allozyme
and microsatellite data from the same individuals,
within and among Florida and Gulf Coast Mottled
Duck populations, and 2) provide the first published
assessment of nuclear genetic differentiation between
the Florida and Gulf Coast Mottled Duck populations.

METHODS

Samples were collected from core areas of Mottled
Duck range (as defined by Sauer et al. 2000; see map
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in Williams et al. 2002). Mottled Duck muscle tissue
was collected from populations in Texas (coastal re-
gions of Matagorda county, 288249N, 968099W, n 5 24,
11 females, nine males, four of unknown sex) and
Florida (near Lake Okeechobee in Glades, Highlands
and Okeechobee counties, 278059N, 808409W, n 5 25,
seven females, 18 males) and are thought to represent
different subspecies (Bellrose 1980). The same indi-
viduals were used for both allozyme and microsatellite
analyses and had previously been used for a study on
helminth community structure (Fedynich et al. 1996).
Tissues were stored on ice in the field and then frozen
at 2808C until analyzed.

ALLOZYME GENOTYPING

Horizontal starch gel electrophoresis was performed on
muscle and liver tissue according to methods described
by Rhodes et al. (1991). Individuals from each popu-
lation were screened for variation at 22 allozyme loci
(Mdh-1, Mdh-2, Ldh-1, Ldh-2, Aco-1, Aat-1, Aat-2,
Pgdh, Idh-1, Idh-2, Ada, Pep-1, Pep-2, Mpi-1, G3pdh,
Iddh, Me-1, Me-2, Pgm-1, Gpi-1, Np, and Acp-1). For
consistency we use the abbreviations used by Rhodes
et al. (1991).

MICROSATELLITE GENOTYPING

DNA was isolated following standard phenol/chloro-
form extraction protocols (Sambrook et al. 1989). In-
dividuals were genotyped at five microsatellite loci
(JCC1, Cathey et al. 1996; Sfi2, Sfi4, Fields and Scrib-
ner 1997; Bcau6, Bcau11, Buchholz et al. 1998).
These were selected based on consistency and ease of
scoring from a panel of 13 loci (Williams et al. 2002).
Amplifications contained 50 ng DNA, 13 amplifica-
tion buffer, 0.4 mM each primer, 200 mM dNTPs, and
0.25 unit Taq polymerase (Boehringer Mannheim, In-
dianapolis, IN). Prior to amplification, one primer of
each pair was end labeled with 33P-ATP using T4 poly-
nucleotide kinase (New England Biolabs, Beverly,
MA). The resulting fragments were electrophoresed
through 6% denaturing polyacrylamide gels (Sam-
brook et al. 1989). Images were scored following au-
toradiography of the dried gels. Alleles were sized by
comparison to a lambda-gt11 sequencing ladder (Pro-
mega, Madison, WI) that had also been 33P-ATP la-
beled. For consistency in scoring, one individual was
electrophoresed repeatedly on each gel. Differences in
allele sizes were confirmed by DNA sequence analysis
of representative alleles (not shown).

DATA ANALYSIS

Populations were tested for departures from Hardy-
Weinberg equilibrium at each locus (allozyme and mi-
crosatellite) and for linkage disequilibrium between
loci pairs using Fisher’s exact test in the Genetic Data
Analysis program (GDA; Lewis and Zaykin 1999).
Average numbers of alleles per locus, unique alleles,
expected heterozygosities (unbiased for sample size),
and observed heterozygosities for each population at
each locus (allozyme and microsatellite) were also cal-
culated in GDA. Structuring of genetic variation be-
tween populations was analyzed by calculating F-sta-
tistics for each locus and over all loci (allozyme and
microsatellite) in GDA. Significance of the overall FST

was based on 95% confidence intervals determined by

bootstrapping across all loci for each marker type,
where confidence intervals bracketing zero are not sig-
nificant. Nei’s (1978) genetic distance between popu-
lations was generated for each marker type in GDA.
Differences in allele frequency distributions between
populations were tested at each locus (allozyme and
microsatellite) using Fisher’s exact test in Genepop
(version 3.1b, Raymond and Rousset 1995). Signifi-
cance levels of multiple comparisons were corrected
for using sequential Bonferroni adjustments (Rice
1989) by marker type. Multilocus estimates of the ef-
fective number of migrants (Barton and Slatkin 1986)
were calculated for each marker type using Genepop.

RESULTS

ALLOZYMES

Of the 22 allozyme loci screened, 11 (50%) were poly-
morphic (Pgdh, Idh-1, Ada, Pep-1, Pep-2, Mpi-1,
G3pdh, Me-1, Me-2, Pgm-1, Np). No significant de-
viations from Hardy-Weinberg proportions were noted
at any loci for either population. Numbers of alleles
per locus ranged from 1 to 4 (Table 1). More loci were
polymorphic in Texas Mottled Ducks than Florida
Mottled Ducks, and Texas Mottled Ducks had more
alleles at seven of the 11 polymorphic loci (Table 1).
Observed single-locus heterozygosities across the two
populations ranged from 0.04 to 0.54 (Table 1). Ob-
served multilocus heterozygosity was more than two
times greater in Texas Mottled Ducks (0.11) than in
Florida Mottled Ducks (0.05). Significant differences
in allele frequencies were detected between the two
populations at Ada, Pep-1, and Pep-2, and over all loci
combined (P , 0.004). No overall heterozygote defi-
ciencies were detected.

Mottled Ducks from Texas possessed a greater num-
ber of unique alleles than Mottled Ducks from Florida
(eight and two, respectively) and three alleles unique
to Texas Mottled Ducks occurred at relatively high fre-
quencies (Fig. 1). Numbers of rare allozyme alleles
(with frequency , 0.05) were similar for the two pop-
ulations (Fig. 1). Single locus FST estimates ranged
from not different than 0 to 0.22. FST across loci was
0.06 (P , 0.05). The number of migrants between pop-
ulations was estimated to be 1.1 per generation and the
genetic distance was estimated at 1%.

MICROSATELLITES

No significant departures from Hardy-Weinberg equi-
librium were detected. Tests for linkage disequilibrium
yielded significant results only for JCC1 and Sfi2 in
Florida (P 5 0.05). The total number of alleles de-
tected at each locus ranged from 4 to 18, however
between populations comparable numbers of alleles
were detected at each locus (Table 1). Florida Mottled
Ducks possessed 12 unique alleles distributed over
three loci and Texas Mottled Ducks possessed 10
unique alleles distributed over five loci (Fig. 1). At all
five microsatellite loci, alleles found at higher frequen-
cies in one population tended to be at high frequencies
in the other population, with a single exception. One
allele at JCC1 was found at a frequency of 0.18 in
Florida Mottled Ducks but was not detected in Texas
Mottled Ducks. Rare alleles (frequency , 0.10; Lui-
kart et al. 1998) represented a high portion of all al-
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FIGURE 1. Distributions of (A) unique and (B) rare
alleles in Mottled Ducks from Florida and Texas for
microsatellite and allozyme loci. Rare microsatellite
alleles have frequency ,0.10. Rare allozyme alleles
have frequency ,0.05.

leles in both populations (61% of Florida alleles, 69%
of Texas alleles), even when the most variable locus,
JCC1, was excluded.

Observed single-locus heterozygosity values across
both populations ranged from 0.08 to 0.76, and were
greater in Florida Mottled Ducks than Texas Mottled
Ducks at three loci (Table 1). The observed multilocus
heterozygosity for the Florida population (0.53) was
also greater than that for the Texas population (0.42,
Table 1). Significant differences in allele frequency
distributions were detected between the two popula-
tions at Sfi2 and Bcau11, and over all loci combined
(P , 0.0045). No overall heterozygote deficiencies
were detected. Estimates of FST varied across loci and
ranged from 0.01 (JCC1) to 0.10 (Sfi2), with an overall
multilocus FST of 0.05 (P , 0.05). The number of mi-
grants between populations was estimated to be 2.2 per
generation and the genetic distance between popula-
tions was estimated at 5.4%.

DISCUSSION

Evidence of significant genetic differentiation was de-
tected between Florida and Texas Mottled Duck pop-
ulations with both marker types, but estimates of ge-
netic diversity within populations varied greatly be-
tween allozyme and microsatellite datasets. Levels of
both allozyme polymorphism and heterozygosity were
lower in Florida than Texas Mottled Ducks. In con-
trast, the microsatellite data indicated equivalent levels
of genetic diversity within the two populations. Dif-
ferent interpretations regarding the relative levels of

genetic diversity in Florida and Texas Mottled Ducks
would have resulted if either allozyme or microsatellite
data were considered independently.

Although the Gulf Coast Mottled Duck population
in general has been declining in recent years, it is still
large (approximately 105 000 breeding pairs; Ballard
et al. 2001). However, there is concern regarding the
stability of the Florida population in terms of size and
status (Moorman and Gray 1994). Theory and empir-
ical data suggest that rare alleles will be lost more
rapidly through genetic drift in smaller versus larger
populations, or in populations that have passed through
a bottleneck (Fuerst and Maruyama 1986, Luikart et
al. 1998). Rare and unique microsatellite alleles oc-
curred in similar numbers in both Florida and Texas
Mottled Ducks, indicating that the Florida population,
although it is smaller in size, is probably not experi-
encing an accelerated rate of drift at these loci com-
pared with the Texas population. Because we do not
have concordant results from both marker systems, we
do not conclude that levels of neutral genetic diversity
are lower in the Florida population. However, hybrid-
ization between Mallards (Anas platyrhynchos) and
Florida Mottled Ducks could be a confounding factor
in this comparison, particularly if Mallards are intro-
ducing polymorphism into an already genetically de-
pauperate Florida Mottled Duck population. Develop-
ing and characterizing informative nuclear loci may
offer a tool for monitoring interspecific hybridization
in the mallard complex, which does not appear possi-
ble with mitochondrial DNA (McCracken et al. 2001).
Microsatellite loci show promise at differentiating
Mallards and Mottled Ducks (Williams et al., unpubl.
data) and analysis for hybrids, based on larger sample
sizes in Florida, indicate that all unique Florida micro-
satellite alleles detected in this study were contributed
by Mottled Ducks (not shown).

The interpopulation partitioning of genetic variation
in Mottled Ducks followed similar patterns with both
marker types. Both revealed a low, although statisti-
cally significant, level of structure and significant over-
all differences in allele frequencies between Florida
and Texas Mottled Ducks. Although short-range adult
movements likely contribute to gene flow among local
Mottled Duck populations within Florida (Williams et
al. 2002), the sedentary, nonmigratory nature of Mot-
tled Ducks, and the geographical distance between
birds in Florida and Texas appears sufficient to mini-
mize gene flow. These data support claims that inter-
breeding between populations along the Gulf Coast
and Florida is rare (Stuzenbaker 1988) and are in
agreement with recent mitochondrial information in-
dicating no current gene flow between Gulf Coast and
Florida Mottled Ducks (McCracken et al. 2001). How-
ever, the amount of variation partitioned between pop-
ulations was low, indicating that populations probably
have not been isolated long enough for significant dif-
ferences to accumulate due to mutation and drift. This
also agrees with McCracken et al.’s (2001) hypothesis
that these distinct Mottled Duck populations may once
have been panmictic. Our data do suggest, though, that
the Florida population should continue to be managed
separately from the Gulf Coast population.
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TABLE 1. Number of alleles (A) and single-locus heterozygosities (expected, He, and observed, Ho) at 5
microsatellite and 11 allozyme loci for Mottled Ducks from Florida and Texas. Average multilocus values are
also given for each marker type.

Florida

A He Ho

Texas

A He Ho

Microsatellites
JCC1 12 0.87 0.64 12 0.83 0.75
Sfi2 6 0.47 0.36 3 0.08 0.08
Sfi4 4 0.62 0.76 5 0.48 0.54
Bcau6 3 0.56 0.56 4 0.52 0.58
Bcau11 3 0.29 0.32 2 0.12 0.13

Allozymesa

Pgdh 2 0.09 0.09 1 0 0
Idh-1 2 0.09 0.09 2 0.12 0.04
Ada 2 0.05 0.05 2 0.42 0.50
Pep-1 2 0.09 0.09 3 0.53 0.54
Pep-2 2 0.05 0.05 3 0.39 0.42
Mpi-1 3 0.49 0.27 4 0.47 0.29
G3pdh 1 0 0 2 0.04 0.04
Me-1 1 0 0 2 0.04 0.04
Me-2 2 0.05 0.05 2 0.12 0.13
Pgm-1 1 0 0 2 0.04 0.04
Np 2 0.44 0.36 3 0.37 0.42

Multilocus
Microsatellites 5.6 0.56 0.53 5.2 0.41 0.42
Allozymes 1.4 0.06 0.05 1.7 0.12 0.11

a Monomorphic allozyme loci were Mdh-1, Mdh-2, Ldh-1, Ldh-2, Aco-1, Aat-1, Aat-2, Idh-2, Iddh, Gpi-1,
and Acp-1.

Few previous studies have compared allozyme and
microsatellite data in the same individuals. Scribner et
al. (1998) reported concordant estimates of population
differentiation using allozymes and microsatellite loci
in the same Chum Salmon (Onchorhynchus keta) in-
dividuals. Estoup et al. (1998) presented multilocus FST

estimates that were not significantly different between
allozyme and microsatellite data for the same Brown
Trout (Salmo tuttra) individuals. They concluded se-
lection was not acting at loci of either marker type,
since it would be unlikely that similar selection pres-
sure would act at both allozyme and microsatellite loci
(the alternate explanation). We also obtained similar
multilocus FST estimates between allozymes and mi-
crosatellites, but this was found in combination with
disparate estimates of within-population diversity.
Some researchers have demonstrated that microsatel-
lite loci are more sensitive to bottlenecks than allo-
zyme loci, due to increased allelic diversity (Barker et
al. 1997, Allendorf and Seeb 2000). For example, and
in contrast with our results, Reilly et al. (1999) found
evidence of allelic loss in one population using micro-
satellite data that was not evident from allozyme data.

Microsatellite loci are thought to accumulate poly-
morphisms due to random, neutral mutations (Hughes
and Queller 1993) but allozymes are expressed as gene
products and therefore, may be acted upon by selection
pressures (Avise 1994). Although neutral loci are ex-
pected to have similar FST values, different selection
pressures may result in unusually large differentiation

between populations at certain loci (Taylor et al. 1995).
Most of the allozyme and microsatellite loci we ex-
amined resulted in similar FST values. However, two of
our allozyme loci yielded unusually large FST values,
suggesting that these two loci are more differentiated
than the other 14 loci we investigated. This may be
due to differential selection acting close to these loci
(Beaumont and Nichols 1996). Differential selection
pressure acting to maintain different combinations of
allozyme alleles is not unprecedented (Jordan et al.
1997, Parker et al. 1998, Ross et al. 1999). However,
exact reasons for the overall discrepancy remain elu-
sive and may include low sample size or sampling er-
ror. Many more populations and loci would need to be
analyzed to adequately address the question of differ-
ential selection acting on or near Ada or Pep-1 in Mot-
tled Ducks. It appears that the microsatellite loci may
be more useful for assessments of neutral genetic di-
versity in Mottled Ducks. Since the completion of this
work, new waterfowl microsatellite primers have been
developed (Maak et al. 2003, Paulus and Tiedemann
2003) that might aid future Mottled Duck genetic re-
search.

Our data demonstrate that different nuclear genetic
markers can result in different interpretations of intra-
population variation, even in the same individuals, de-
spite concordant estimates of interpopulation structur-
ing. The realistic expectation that microsatellite mark-
ers are more sensitive than allozymes to effective pop-
ulation size does not, a priori, preclude allozyme
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variation being influenced by other factors, such as se-
lection. Comprehensive wildlife genetic analyses can
benefit from a multipronged approach, using data from
more than one marker type, with the caveat that marker
choice can alter interpretations of intrapopulation var-
iation even when using the same individuals.

We thank Paul Gray of the National Audubon So-
ciety for assistance in Florida and James F. Bergan for
facilitating sample collection. We are grateful for use-
ful comments by two anonymous reviewers which al-
lowed us to improve this manuscript.
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PARENTAL BODY CONDITION DOES NOT CORRELATE WITH OFFSPRING SEX RATIO
IN CORY’S SHEARWATERS
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Abstract. We analyzed offspring sex ratio variation
in Mediterranean Cory’s Shearwater (Calonectris d.
diomedea) during two consecutive breeding seasons in
two colonies. We test for differential breeding condi-
tions between years and colonies looking at several
breeding parameters and parental condition. We then
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explored the relationship between offspring sex ratio
and parental condition and breeding parameters. This
species is sexually dimorphic with males larger and
heavier than females; consequently we expected dif-
ferential parental cost in rearing sexes, or a greater
sensitivity of male chicks to adverse conditions, which
may lead to biased sex ratios. Chicks were sexed mo-
lecularly by the amplification of the CHD genes. Off-
spring sex ratio did not differ from parity, either at
hatching or fledging, regardless of the colony or year.
However, parental body condition and breeding param-
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eters such as egg size and breeding success were dif-
ferent between years and colonies. Nevertheless, nei-
ther nestling mortality nor body condition at fledging
varied between years or colonies, suggesting that male
and female chicks were probably not differentially af-
fected by variability in breeding conditions.

Key words: body condition, Calonectris diomedea,
Cory’s Shearwater, egg volume, sex ratio.

La Condición Parental no está Correlacionada
con las Proporciones de Sexos en los Pollos de
Calonectris d. diomedea

Resumen. Se analizaron las proporciones de sexos
en la descendencia en dos colonias mediterráneas de
Calonectris d. diomedea, durante dos temporadas de
crı́a consecutivas. Se estudió la relación entre la pro-
porción de sexos de los pollos y la condición parental
y algunos parámetros reproductivos durante la crı́a. La
especie es dimórfica, siendo los machos mayores y
más pesados que las hembras; en consecuencia, se es-
perarı́an costos parentales diferenciales en la crı́a de
los sexos, o una sensibilidad mayor de los pollos ma-
chos a condiciones adversas, que se traducirı́a en un
sesgo en la proporción de sexos. Se determinó el sexo
de los pollos por medio de técnicas moleculares, me-
diante la amplificación del gen CHD. Las proporciones
de sexos en los pollos no se desviaron del 50% ni en
la eclosión, ni en los volantones, independientemente
de la colonia o el año de estudio. Sin embargo, la
condición parental y algunos parámetros reproductivos
como el tamaño del huevo o el éxito reproductivo sı́
variaron entre años y colonias. La mortalidad o la con-
dición fı́sica de los volantones tampoco mostraron nin-
guna variación en función de la colonia o del año de
estudio, sugiriendo que los pollos de los dos sexos
probablemente no se vieron afectados de manera di-
ferencial por la variabilidad en las condiciones de crı́a.

Fisher’s (1930) theory of equal investment in male and
female offspring leads to predictions for sex ratios sim-
ilar to those that arise from a model of random seg-
regation of sex chromosomes at meiosis. In both cases,
without sex differential rearing costs, we would expect
parity in offspring sex ratios. However, in species that
are sexually dimorphic, a differential cost in rearing
males and females (due to higher parental investment
for raising offspring of the larger sex, or to a greater
mortality of the larger sex during rearing) could lead
to biased offspring sex ratios at the population level
(Charnov 1982). At an individual level, if sexes differ
in fitness and these differences depend on conditions
at the time of breeding, natural selection would favor
facultative adjustment of offspring sex ratios (Trivers
and Willard 1973, Charnov 1982). Several avian stud-
ies have reported biases in primary and secondary sex
ratios at hatching and at fledging (Clutton-Brock 1986,
Dijkstra et al. 1990, Arroyo 2002, Van den Burg et al.
2002); some due to differential hatching success or
chick mortality (Olsen and Cockburn 1991, Torres and
Drumond 1997, Nager et al. 2000), and others to pa-
rental manipulation of primary sex ratios (Ellegren et
al. 1996, Komdeur et al. 1997, Korpimäki et al. 2000,
Whittingham and Dunn 2000).

Some breeding parameters such as egg size and
breeding success can reflect environmental or parental
conditions at the time of breeding (Croxall et al. 1992,
Weidinger 1996, Mougin 1998). Thus, reduced food
intake due to lower parental foraging efficiency or a
decreased availability of resources, would be reflected
in these breeding parameters and comparisons between
colonies and years may provide valuable information
on breeding conditions. The relationships between pa-
rental condition, breeding parameters, and secondary
sex ratio have scarcely been explored in Procellarii-
formes and studies are usually restricted to one colony
or breeding season (but see Bretagnolle and Thibault
1995, Weimerskirch et al. 2000).

The Mediterranean Cory’s Shearwater (Calonectris
d. diomedea) is a sexually dimorphic seabird with
males about 10% larger than females (Thibault et al.
1997). Females lay a single-egg clutch and chicks
show slow development (Thibault et al. 1997). If sex
ratio manipulation occurs, birds laying a single-egg
clutch may have the ability to adjust offspring sex ratio
by absorbing a zygote of the inappropriate sex without
incurring the costs of a significant extension of time
to clutch completion or by increasing population
hatching asynchrony (Emlen 1997) and consequently,
we may expect stronger deviations from equity within
the population. However, egg formation in Procellarii-
formes is costly; it takes a long time, replacement
clutches are rare, and only a single follicle may un-
dergo rapid yolk deposition during a breeding season
(Astheimer and Grau 1990).

Sexual size dimorphism could lead to greater food
requirements of the larger sex and may result in a
greater sensitivity to resource limitation during the
nestling stage (Torres and Drummond 1997, 1999,
Weimerskirch et al. 2000). However in many Procella-
riiformes, rates of chick mortality during the nestling
stage are low and consequently primary and secondary
sex ratio would be similar. Mortality may increase dur-
ing migration to the wintering grounds, when juveniles
have to forage by themselves. In fact, body condition
at fledging has been shown to affect later survival in
several species (Hochachka and Smith 1991, Magrath
1991, Mougin et al. 2000) thus differential mortality
or fitness gains between sexes could be assessed by
differential fledging condition. Differences in mortality
or fledging condition between male and female off-
spring would imply differential costs between sexes.
This asymmetry would favor facultative manipulation
of offspring sex ratios, whereas equality in survival
and fledging condition between sexes would not justify
the evolution of parental manipulation of sex ratio.

Our objectives were to assess population level off-
spring sex ratio in Cory’s Shearwater in two different
colonies (Pantaleu and Congreso) and years (2001 and
2002). We explored variation in parental condition and
breeding parameters in both colonies and years to de-
termine whether parental condition was correlated
among breeding parameters and with offspring sex ra-
tio. Finally, we tested whether fledging condition de-
pended on offspring sex or colony or year.

METHODS
Data were collected during 2001 and 2002 in two
Mediterranean colonies, Pantaleu and Congreso Is-
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TABLE 1. Population sex ratio (percent males) in
Cory’s Shearwater breeding in 2001 and 2002 at Pan-
taleu (Balearic Islands) and Congreso (Chafarinas Is-
lands). Results of a binomial test investigating whether
sex ratio differs from equality are shown.

Congreso

Sex
ratio n P

Pantaleu

Sex
ratio n P

Hatching
2001 58 55 0.3 50 120 1.0
2002 — — — 54 33 0.7

Fledging
2001 57 63 0.3 48 102 0.8
2002 49 106 0.9 49 79 1.0

lands. Pantaleu is a small, protected island in the Bal-
earic Archipelago 200 m off the S-W coast of Mallorca
(398349N, 28209E), where approximately 200 pairs of
Cory’s Shearwater bred during the years of this study
(Genovart 2001). The Congreso colony is located at
the Chafarinas Archipelago, 4.5 km off the Moroccan
Mediterranean coast (358119N, 38469E) and supports a
minimum of 800 breeding pairs (Igual and Gómez
2000). The distance between the two colonies is about
600 km.

Egg volume and breeding success (as proportion of
chicks that fledge from all nests with an egg laid) were
recorded at both colonies. All nests found in Pantaleu
and a random sample of nests in Congreso, were
marked and when possible, eggs measured before
hatching (maximum length and width 6 0.1 mm) with
digital calipers (for sample sizes see table 2). We cal-
culated egg volume (in cm3) as V 5 0.00051 3 egg
length 3 egg width2 (Hoyt 1979, Sánchez and Castilla
1997).

After measuring eggs, nests were not disturbed until
hatching. We determined hatching sex ratio in both
colonies in 2001, and only at Pantaleu in 2002, and
fledging sex ratio in both years and colonies. The
hatching sex ratio was calculated from chicks sampled
within three days of hatching. Fledging sex ratio was
assessed from surviving chicks sampled at hatching,
and from other chicks sampled few days before fledg-
ing. A small blood sample (ca. 50 mL) was taken from
the femur vein of the chick, collected in a capillary
tube and transferred to a tube with ethanol. We deter-
mined the sex of chicks using polymerase chain re-
action (PCR) amplification of the CHD genes (Elle-
gren 1996, Griffiths et al. 1998). Blood was boiled in
100mM NaOH for 10 minutes at 1008C before being
added to the PCR reaction. PCR protocols were mod-
ified from Fridolfsson and Ellegren (1999) using the
primer set 2550F–2718R, and products were run out
on a 3% agarose gel stained with ethidium bromide.
Gels were scored as males having a single band and
females having two bands.

Body measurements of adults and chicks were taken
in both years at Congreso, and only in 2002 at Pan-
taleu. Adults were weighed (always during incuba-
tion), and we took morphological measurements of
wing length, bill depth at nostril, head and bill length,
tarsus length and length of the third flight feather (P3).
Chicks were weighed at fledging and wing length, bill
depth, and head plus bill length were measured.

STATISTICAL ANALYSIS

Sex ratio deviations from parity were assessed using a
binomial test (Zar 1996, Cockburn et al. 2002).

To determine if male and female chicks were dif-
ferentially affected by breeding conditions, we as-
sessed body condition of chicks at fledging in both
colonies. As we lacked measures from Pantaleu in
2001, we performed two separate analyses. First, we
tested for differences in chick body condition between
years (2001 and 2002) at Congreso using a General
Linear Model (GLM) with weight as the response var-
iable, sex and year as factors, and bill depth, head plus
bill length as covariates to correct for size, and wing
length accounting for chick age. Wing length has been
previously used as an estimator of chick age in this

species (Granadeiro 1991, Hamer and Hill 1994), be-
cause it show less variance in growth rates and in other
closely related species is unaffected by environmental
factors such as food supply (Harris 1966, Ricklefs
1992); our findings also shown that wing length was
highly correlated with age (R 5 0.7; P , 0.001). Sec-
ond, we analyzed chick body condition in 2002 at both
colonies. Following the same procedure, we used data
from 2002 from both colonies to determine if chick
body condition differed between colonies (GLM with
weight as the response variable, sex and colony as fac-
tors, and bill depth and head plus bill length and wing
length as covariates).

To determine if adult body condition differed be-
tween years we used a GLM with adult weight as the
response variable, and sex and year as factors, and
included an index of body size as a covariate. To cal-
culate a body size index, we used a Principal Com-
ponent Analysis (PCA) of body morphometrics (head
plus bill length, bill depth, tarsus length, wing length
and P3) from both years at Congreso, and we used the
first principal component as an indicator of adult body
size. To determine if adult body condition differed be-
tween colonies we computed a GLM of data from both
colonies in 2002, with weight as the response variable,
sex and colony as factors, and body size index (from
a PCA of morphological characters for adults in both
colonies in 2002).

All analyses were computed with SPSS (version
11.0). Data are presented as mean 6 SE and the level
of significance was set at P # 0.05.

RESULTS

We did not find any bias in hatching or fledging sex
ratios in either year or in either colony (Table 1).
Breeding parameters recorded in both years and colo-
nies are shown in Table 2. Eggs from Pantaleu were
significantly smaller than at Congreso (Two way
ANOVA; colony, F1,374 5 7.7, P , 0.01; year, F1,374 5
0.1, P 5 0.7; interaction year * colony: F1,374 5 1.4,
P 5 0.3). Breeding success was significantly different
between colonies only in 2001 (2001, x2

1 5 5.7, P 5
0.02; 2002, x2

1 5 2.3, P 5 0.2). Differences between
years were also found in breeding success in Congreso
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TABLE 2. Egg volume (mean 6 SE) and breeding
success (percentage of chicks that fledged from all
eggs laid) of Cory’s Shearwaters breeding in Pantaleu
and Congreso colonies in 2001 and 2002. Egg volume
resulted significantly different in Pantaleu (P , 0.01).

Colony Year n
Egg volume

(mL) n

Breed-
ing suc-

cess

Congreso 2001 60 75.6 6 9.7 210 51%
2002 69 76.3 6 14.5 220 71%

Pantaleu 2001 136 74.3 6 4.9 168 64%
2002 109 73.1 6 5.4 139 63%

FIGURE 1. Comparison of male and female fledgling body condition (solid and dashed lines, respectively)
between (A) colonies in 2002 and (B) years in Congreso. Body condition index was assessed as the residual
value obtained from a GLM model with weight as dependent variable and the covariables of head length and
bill depth to correct for body size, and wing length to correct for age.

(x2
1 5 25, P , 0.001), but not in Pantaleu (x2

1 5 0.04,
P 5 0.9; Table 2). However, breeding success results
should be taken with caution; at Congreso, predation
by rats was the main cause of the breeding failure in
2001 whereas in Pantaleu predation by rats has not
been detected (JMI, pers. obs.).

At Pantaleu chick mortality in 2001 did not differ
between sexes, although chick mortality in this species
is low and sample sizes were small.

Body condition at fledging did not differ between
sexes, colonies, or years (Fig. 1). In 2002 body con-
dition at fledging did not depend on the colony (F1,183

5 0.3, P 5 0.6), sex (F1,183 5 2.1, P 5 0.1) or their
interaction (F1,183 5 0.2, P 5 0.7). In Congreso, chick
fledging condition was also not affected by year (F1,156

5 0.6, P 5 0.4), sex (F1,156 5 2.3, P 5 0.1) or their
interaction (F1,156 5 0.01, P 5 0.9).

Adult body condition in 2002 was significantly
higher at Congreso than at Pantaleu (F1,129 5 25.4, P
, 0.001; Fig. 2a) and did not differ between males
and females (sex: F1,129 5 0.04, P 5 0.9; interaction

sex * colony: F1,129 5 2.8, P 5 0.1). When we analyzed
adult body condition in both years at Congreso, we
detected a significant year effect (F1,171 5 13.2, P ,
0.001), where adults in 2002 were in better condition
than those in 2001 (Fig. 2b). There was no effect of
sex or its interaction with year (F1,171 5 0.8, P 5 0.4;
F1,171 5 0.31, P 5 0.6 respectively; Fig. 2b).

DISCUSSION
Neither primary nor secondary population sex ratio
differed from parity in Cory’s Shearwater. These re-
sults were not correlated with any differences in pa-
rental condition or breeding parameters between years
and colonies that reflect different breeding conditions.
Variation in breeding conditions between colonies was
minor in 2001, but conditions during breeding were
apparently better at Congreso than at Pantaleu in 2002.
Annual variation in breeding parameters at Congreso
suggests that birds were in better condition in 2002.
This idea is reinforced by results in parallel work car-
ried out with this species using nitrogen stable isotopes
that indicates that individuals fed in significantly high-
er trophic levels in 2002 (MGF, unpubl. data).

The absence of a relationship between offspring sex
ratio and variation in parental condition and breeding
parameters supports a model of equal costs between
sexes or a model of random segregation of sex chro-
mosomes at meiosis. The absence of biased offspring
sex ratio is common among Procellariiformes (Hunter
1984, Weimerskirch et al. 2000). However Bretagnolle
and Thibault (1995) found biased sex ratio at fledging
for chicks of Cory’s Shearwater, but they combined
data from several years and sexing of birds (using a
discriminant function analysis), may not be completely
accurate, thus results should be taken with caution.
Other seabirds showed biases in primary sex ratio in
natural (Meathrel and Ryder 1987, Torres and Drum-
mond 1999, Szczys et al. 2001, Velando et al. 2002,
Genovart et al. 2003), and experimental conditions
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FIGURE 2. Comparison of male and female body condition (solid and dashed lines, respectively) between (A)
colonies in 2002 and (B) years in Congreso. Body condition index was assessed as the residual value obtained
from a GLM model with weight as a dependent variable, and a factor obtained from a CPA of several body
measures, as a covariable to correct for body size.

(Nager et al. 1999), suggesting that constraints for sex
ratio manipulation in Procellariiformes could be stron-
ger than in other groups of seabirds. These constraints
could be linked to adaptations of breeding in an un-
predictable environment, such as single egg clutches
and a prolonged nestling period (Boersma et al. 1980,
Ricklefs et al. 1985, Boersma and Parrish 1998, Ast-
heimer and Grau 1990).

Despite the sexual size dimorphism we did not find
differences in chick fledging condition between sexes
or colonies or years. The rate at which shearwater par-
ents supply food under natural conditions may be close
to the maximum assimilatory capacity of the chick’s
digestive tract (Hamer and Hill 1994). Under most en-
vironmental conditions, parents probably put all their
effort into rearing a chick in good fledging condition,
irrespective of the sex of the chick, even at the cost of
decreasing their own body condition. However, in
strongly depleted food conditions, adults may not be
able to compensate and chicks could also be in poor
body condition (Granadeiro et al. 1998). It is also ex-
pected that an increased breeding effort, due for ex-
ample to a lower food availability, would not only re-
duce adult body condition during breeding but it could
also constrain adults to breed next season (Calow
1979, Sibly and Calow 1989, Mı́nguez 1998).

Our limited data do not allow us to be conclusive,
and more studies including several years and colonies
should be carried out to confirm our hypothesis. How-
ever, we suggest that, although Procellariiformes can
be highly sensitive to changes in food availability dur-
ing breeding (Schreiber and Schreiber 1989, Ainley
and Boekelheide 1990), differential sensitivity between
sexes would be only detected under strongly depleted
food conditions at breeding. Moreover the possible fit-
ness benefits of manipulating offspring sex would not
overcome the costs associated with biasing sex ratios
in this species.
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Abstract. We hypothesized that nest attendance
characteristics in Common Goldeneyes (Bucephala
clangula) at the northern limit of their range differ
from those of more southern populations. In 2002 and
2003, we used artificial eggs containing temperature-
sensing data loggers to obtain nest attendance data
from 20 incubating females over 515 days. On average
(6 SE), each female spent 79.8 6 0.3% of the day on
the nest, and took 2.9 6 0.1 recesses per day, each
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averaging 100.7 6 1.5 minutes. These recess charac-
teristics were comparable to those reported for other
Common Goldeneye populations. Most recesses (88%)
occurred between 09:00 and 22:00 Alaskan Daylight
Time although recesses were initiated at all times of
day. Female incubation behavior does not appear to be
strongly influenced by coarse-level environmental var-
iables or the female-specific variables that we mea-
sured, but could be related to a complex assortment of
fine-scale environmental or endogenous factors.

Key words: Alaska, Bucephala clangula, Common
Goldeneye, incubation, nest attendance, nesting be-
havior.
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Comportamientos de Incubación y Patrones de
Permanencia en el Nido en Bucephala
clangula en el Interior de Alaska

Resumen. Hipotetizamos que las caracterı́sticas de
permanencia en el nido por parte de Bucephala clan-
gula en el lı́mite norte de su distribución difieren de
aquellas de poblaciones más meridionales. A través de
515 dı́as en 2002 y 2003, empleamos huevos artificia-
les que contenı́an medidores automáticos de tempera-
tura para obtener datos sobre la permanencia en los
nidos por parte de 20 hembras que estaban incubando.
En promedio (6EE), las hembras pasaron el 79.8% 6
0.3% del dı́a en el nido y tomaron 2.9 6 0.1 descansos
de 100.7 6 1.5 minutos de duración diariamente. Estas
caracterı́sticas de descanso fueron comparables a las
documentadas para otras poblaciones de B. clangula.
La mayorı́a de los descansos (88%) se presentaron en-
tre las 09:00 y 22:00, aunque las aves descansaron a
toda hora del dı́a. El comportamiento de incubación de
las hembras no parece estar fuertemente influenciado
por las variables ambientales que medimos a un nivel
general, ni por variables especı́ficas de las hembras,
pero podrı́a estar relacionado con una combinación
compleja de factores ambientales a pequeña escala o
por factores endógenos.

INTRODUCTION

Nest attendance and incubation patterns have been
studied in many species of waterfowl (Afton and Pau-
lus 1992), but incubation patterns of subarctic nesting
ducks are not well known (MacCluskie and Sedinger
1999). Knowledge of the incubation behaviors of sub-
arctic nesting Common Goldeneye (Bucephala clan-
gula) populations in North America is particularly lim-
ited. There is some indication that incubation behavior
may vary with weather, body condition, and incubation
day (Afton and Paulus 1992), but individual variation
within and among females is often high (Ringelman et
al. 1982, Flint and Grand 1999, MacCluskie and Se-
dinger 1999).

Selection pressures such as ensuring embryo devel-
opment, maintaining female energy balance, and min-
imizing predation risk may influence incubation be-
havior (Thompson and Raveling 1987, Afton and Pau-
lus 1992, Flint et al. 1994). It has been suggested that
weather may not have as much influence on Common
Goldeneye incubation because nests are located in cav-
ities (Zicus et al. 1995). Reduced levels of nest pre-
dation have been documented for Wood Ducks (Aix
sponsa, Manlove and Hepp 2000) compared to other
waterfowl species, and the low incidence of nest pre-
dation in our population (Taylor, unpubl. data) implies
that factors other than predator avoidance may have a
greater influence on incubation rhythms and recess
characteristics for cavity nesters.

The breeding season for Common Goldeneyes in In-
terior Alaska begins in late April (Taylor, unpubl. data)
when wetlands are still frozen and minimum daily tem-
peratures may dip below 08C. During incubation, am-
bient temperatures may reach upwards of 308C and
daylight is nearly continuous. We hypothesized that the
combination of high diurnal and daily variation in am-

bient temperatures, long photoperiods, and a short
breeding season may result in different incubation pat-
terns than have been previously reported in this spe-
cies. Common Goldeneyes in more southern locations
typically begin nesting in late March to early May,
with most beginning in early to mid April. Increased
ambient temperatures and precipitation have previous-
ly been shown to affect recess behavior in waterfowl
(Afton and Paulus 1992).

We studied nest attendance in Common Goldeneyes
in Interior Alaska to compare incubation patterns to
those found in more southern populations, as well as
to other species of similar size. We hypothesized that
nest boxes may reduce the effects of ambient temper-
ature and precipitation on incubation and recess char-
acteristics due to the protected nature of such nests.
We investigated the potential relationship between av-
erage timing of daily recesses and ambient tempera-
ture, daily precipitation, female experience, and the
day of the incubation period. We also believed clutch
size, female breeding experience, maximum daily tem-
perature, precipitation, and day of incubation may in-
fluence recess length and frequency. Previous studies
have determined that recess initiation times are almost
exclusively during daylight hours (Mallory and
Weatherhead 1993, Zicus et al. 1995) therefore, we
expected nearly continuous daylight to increase the
range of recess initiation times during the day.

METHODS

We conducted our study in central Alaska on the Che-
na River State Recreation Area during the summers of
2002–2003. The study area encompassed approximate-
ly 102 km2 along the north and middle forks of the
Chena River. Nest-boxes (n 5 150) were located on or
near wetlands associated with the Chena River at
heights of 3–7m. Sites were dominated by mixed
stands of white spruce (Picea glauca), paper birch
(Betula papyrifera), black spruce (P. mariana), and
balsam poplar (Populus balsamifera). Weather data
were acquired from the Two Rivers National Weather
Service weather station (648549N, 1468259W), located
within our study area. During the nesting period (late
April to early July) at this latitude, the period from
dawn to dusk is exceptionally long. Sunrise occurs be-
tween 03:00 and 05:00 Alaskan Daylight Time (ADT),
and sunset occurs between 22:00 and 24:00 ADT with
a period of twilight during the intervening hours.

During the breeding season, we checked nest boxes
weekly to determine occupancy. We revisited active
nests every 1 to 3 days to determine egg-laying rates
and to capture adult females on the nest. All eggs were
candled during each visit to determine stage of incu-
bation (Weller 1956), and we estimated hatching dates,
assuming that incubation began on the day the last egg
was laid and lasted a minimum of 28 days (Eadie et
al. 1995). Egg laying was assumed to occur at a rate
of 1 egg every other day; if the clutch size increased
faster, nest parasitism was suspected (Eadie et al.
1995). We captured most females once during egg lay-
ing and again during mid to late incubation to verify
identification of banded birds, and obtain better esti-
mates of hatching dates. The number of captures of
each individual was minimized to decrease nest aban-
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donment. Conservative estimates of research caused
nest abandonment rates during 2002 and 2003 were
low, with 4 and 1 abandonments in each year respec-
tively.

We monitored incubation constancy (percent of time
spent on the nest) as well as the timing, number, and
duration of daily recesses using two types of temper-
ature data loggers enclosed in artificial eggs. In 2002,
we used artificial eggs (Advanced Telemetry Systems,
Isanti, Minnesota) containing a thermistor and a radio
transmitter to monitor nest temperatures. Four nests on
a single pond were selected for study to enable recep-
tion by a single receiver. Eggs transmitted temperature
readings continuously and the nearby receiver moni-
tored each egg’s transmissions for 30 seconds individ-
ually. The average temperature over the 30-sec interval
was then stored in a data recorder and downloaded
biweekly.

In 2003, artificial eggs (n 5 20) contained modified
HOBO StowAway Tidbit data loggers (Onset Com-
puter Corporation, Bourne, Massachusetts) set to re-
cord the nest temperature every 2 minutes. To increase
sensitivity, the loggers were not enclosed in the normal
factory waterproof case, allowing the thermistor to be
exposed to the airspace inside the egg. We affixed the
data loggers to a cardboard insert to prevent movement
of the logger during egg rotation and partially filled
the eggs with silicone caulk to approximate the weight
(65–70 g) of a normal Common Goldeneye egg.

In 2002, loggers were installed at the onset of in-
cubation, but in 2003 we initially placed data loggers
in nests soon after clutch initiation to allow monitoring
of egg-laying behavior. However, predators, likely red
squirrels (Tamiasciurus hudsonicus), destroyed several
eggs containing data loggers (n 5 4). We delayed the
installation of the remaining data loggers until near the
onset of incubation after which data logger loss was
greatly reduced. Years were combined for analysis due
to the small sample size in 2002. All procedures were
approved by the Institutional Animal Care and Use
Committee at the University of Alaska, Fairbanks (IA-
CUC #02–20).

To help distinguish between the break taken after
clutch completion and the first break occurring during
incubation, we defined the start of incubation as the
day when the female spent more than 12 hours on the
nest without a break. The day of incubation was esti-
mated using two methods. If a data logger had been
installed during egg laying, the beginning of incuba-
tion could be readily identified by visual inspection of
the nest temperature data. If the data logger was in-
stalled after the onset of incubation, the day of incu-
bation was estimated by counting backwards from the
day of hatching. We assumed a 30-day incubation pe-
riod, which was the average for nests with complete
incubation records. We included the entire incubation
period in our calculations.

To identify recesses, we created a program in R (R
Development Core Team 2003) to aid in the analysis
of the daily temperature data. This method was vali-
dated against tabular data (Yerkes 1998). Recess ini-
tiations or recess terminations were assumed when the
temperature changed $2.08C within four consecutive
intervals (8 min). This sequence of temperature chang-

es helped distinguish true recesses from comfort move-
ments. We validated our recess identification criteria
by recording actual departure times from flushed and
captured birds (n 5 24) and comparing these times to
those recorded by data loggers. We estimated that re-
cess times are accurate to 64 min because nest tem-
peratures were observed to change within one full in-
terval after the female entered or exited the nest box.
Recesses initiated within 2 hours of researcher distur-
bance were excluded from the analysis.

STATISTICAL ANALYSES

We used linear regression models (PROC REG, SAS
Institute 1999) to investigate hypotheses involving var-
iation in incubation constancy, recess length, and num-
ber of daily recesses relative to the potential explana-
tory variables that we recorded. Maximum daily tem-
perature, daily precipitation, day of incubation, clutch
size, female experience, and all biologically relevant
two-way interactions were included in our initial gen-
eral models. Female experience was entered as a bi-
nary variable with first-time breeders receiving a value
of 0 and females that bred in previous years receiving
a value of 1, all other variables were continuous. We
used PROC CORR (SAS Institute 1999) to identify
and remove highly correlated explanatory variables us-
ing the Spearman’s correlation coefficient at P 5 0.05.

To account for the circular nature of diurnal data,
we addressed hypotheses concerning mean recess tim-
ing using circular statistics (Fisher and Lee 1992, Fish-
er 1993, Borgioli et al. 1999). To investigate the po-
tential effects of female age and incubation stage on
the average initiation time of recesses, we separated
the data into 8 groups: first-time breeders during each
of 4 weeks of incubation, and experienced breeders
during each of 4 weeks of incubation (Anderson and
Wu 1995). The distributions of recess initiation times
for these eight groups were then displayed graphically
using rose diagrams. The methods we employed as-
sume that data conform to a von Mises distribution,
the analog of the normal distribution for linear data
(Fisher 1993); the data met this assumption. We then
tested for differences among the means and concentra-
tion parameters of the distributions of the eight groups
(Fisher 1993).

To examine the effects of daily precipitation, max-
imum daily temperature, and their interaction on mean
recess time, we maximized the circular-linear regres-
sion log-likelihood equation proposed by Fisher and
Lee (1992) and Fisher (1993). We used likelihood ratio
tests to compare these models and selected the best
model based on comparisons to the x2 critical value
(Borgioli et al. 1999). Average values for incubation
constancy, recess duration, and number of recesses
were calculated for comparison with other studies. We
used only days with complete records to calculate in-
cubation constancy and number of recesses. Data are
presented as mean 6 SE.

RESULTS
We collected data from 20 individual female Common
Goldeneyes in 2002 and 2003 combined (n 5 515
days). Average incubation constancy, defined as the
percentage of time spent on the nest, was 79.8 6 0.3%,
and the duration of the incubation period averaged 30
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TABLE 1. Estimates of regression coefficients on a log scale (b 6 SE) from the best approximating linear
models for incubation constancy, number of daily recesses, and recess length for incubating Common Goldeneye
females in the Chena River State Recreation Area, Alaska.

Dependent variable
b

parameter Estimate 6 SE

Incubation Constancy Intercept 0.79 6 0.01
Max temp*experience 20.0017 6 0.0002
Clutch size 0.006 6 0.001

Recess Number Intercept 2.25 6 0.09
Incubation Day 0.04 6 0.06

Recess Length Intercept 104.80 6 6.14
Incubation day*clutch size 20.19 6 0.02
Max temp 1.67 6 0.31
Experience 214.10 6 3.17

FIGURE 1. Comparisons of recess initiation times of Common Goldeneyes nesting at the Chena River State
Recreation Area based on female breeding experience and week of incubation. Each bar represents 1 hour, axis
labels indicate time of day; times run counter-clockwise around the plot. Heavy line in each plot represents the
mean timing of recesses and k represents the concentration parameter of the distribution. Mean directions do
not differ (P .0.999).

6 0.1 days (range 5 28–32). The best approximating
model that attempted to predict the proportion of time
spent incubating (r2 5 0.18) indicated that an interac-
tion between maximum temperature and female age
decreased incubation constancy, while larger clutches
tended to increase the time spent on the nest (Table 1).

The number of recesses in each 24-hour period be-
ginning at midnight averaged 2.9 6 0.1 (range 5 1–
9) and most (88%) were initiated between 09:00 and
22:00 ADT (mean 5 15:00). The remaining recess ini-
tiation times were separated into 3 groups: 22:01–24:
00 ADT (2%), 00:01–04:00 ADT (2%, between sunset
and sunrise), and 04:01–08:59 ADT (8%). The number
of daily recesses increased with incubation day (r2 5
0.12, Table 1) while no other variables were entered
into the model at P 5 0.05.

Recess length averaged 100.7 6 1.5 min (n 5 1449,
range 5 8–524 min) and the best approximating model
indicated that younger females took shorter breaks, and
breaks were shorter relative to the interaction between
incubation day and clutch size. Conversely, higher
maximum daily temperatures tended to increase the
length of recesses (Table 1). However, this model ex-
plained little variation in the data (r2 5 0.08).

Comparisons of the rose diagrams by experience
and week of incubation revealed no apparent differ-
ence in the distribution of daily recesses between ex-
perienced females and first-time breeders in relation to
week of incubation (Fig. 1) A test for a common mean
direction (Fisher 1993) between these eight distribu-
tions indicated that there was no evidence to support
a difference between mean recess timings (P . 0.99).
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We also tested for equality of concentration parameters
(k) for all 8 groups and found no evidence for a dif-
ference (P 5 0.98).

Variation in the average timing of recesses within
days was not explained by any of the variables that we
considered. Likelihood ratio tests indicated that models
containing maximum daily temperature, daily precipi-
tation, and the two-way interaction term were not sig-
nificant at P 5 0.05. We rejected the full model (x2

3

5 1.9) and the reduced models containing maximum
daily temperature (x2

1 5 2.0) and daily precipitation
(x2

1 5 1.9). There was no evidence to support the se-
lection of a model with any of the parameters we mea-
sured, indicating that timing of recesses may be influ-
enced by other variables that we did not test.

DISCUSSION

Incubation characteristics in our study (80% constancy,
2.9 recesses per day, 101 minutes per recess) were
comparable to a Common Goldeneye population in
Ontario, Canada where, on average, females spent 81%
of the day on the nest, took 2.7 recesses a day, and
spent an average of 114 min off the nest during each
recess (Mallory and Weatherhead 1993). The average
timing of recesses within the day in our population was
not related to female experience, incubation stage,
maximum daily temperature, or daily precipitation;
and incubation components were not related to any of
the variables we measured. Our data suggest that in-
cubation constancy, recess length, and recess duration
do not vary with latitude.

Increased day length may increase the range of re-
cess initiation times. Nocturnal recesses (00:01 to 04:
00 ADT) represented 2% of those taken in this sample
of Common Goldeneyes and appeared to be unique in
comparison to previously reported patterns. While
most recesses (88%) occurred between 09:00 and 22:
00 ADT, recesses were initiated at all hours of the day
in our population, which had not been previously re-
ported in this species. Zicus et al. (1995) found that
most recesses occurred between 09:00 and 19:00, and
the less than 1% of recesses that occurred between
sunset and sunrise lasted until daylight and were attri-
buted to disturbance by raccoons (Procyon lotor). Ma-
llory and Weatherhead (1993) also found that recesses
occurred predominantly between 07:00 and 20:00. A
nocturnal recess was only observed on one occasion
out of a sample of 16 incubating females. While only
diurnal recesses have been reported for Northern Shov-
elers nesting in Manitoba (Anas clypeata, Afton 1980)
and were assumed for White-winged Scoters (Mela-
nitta fusca, Brown and Fredrickson 1987) in Saskatch-
ewan; nocturnal recesses have been reported for Ring-
necked Ducks (Aythya collaris) in Minnesota (Hohman
1986). We believe that the long days during the incu-
bation period broadened the range of nest breaks and
facilitated recesses during the late evening and early
morning hours. This may be the case for Northern
Shovelers nesting at Minto Flats, Alaska as well
(MacCluskie and Sedinger 1999). This increased range
of nest recesses within the day apparently allows fe-
males more plasticity in incubation rhythms than is
possible at more southern latitudes.

Information on the distribution of the timing of nest
breaks could help concentrate future research efforts.
This knowledge could be used to decrease the chance
of disturbing females during incubation by visiting
nests during the middle of the solar day when recesses
are most likely to occur. Conversely, female capture
rates would likely increase during the late evening and
early morning hours.

Higher ambient temperatures often decrease nest at-
tendance in a variety of species (Afton and Paulus
1992), including Common Goldeneyes (Mallory and
Weatherhead 1993). This could be the result of reduced
cooling rates of the eggs at higher temperatures, or
increased female heat stress due to nest location. In the
future, additional data loggers could help to address
these issues by monitoring air temperature inside the
nest box during incubation. The number of daily re-
cesses has previously been found to be positively re-
lated to the day of incubation in Common Goldeneyes
(Zicus et al. 1995) as well as Northern Shovelers (Af-
ton 1980) and White-winged Scoters (Brown and Fred-
erickson 1987). The physiological cost of rewarming
eggs could also be higher for those females with larger
clutches (Afton and Paulus 1992). If this cost is con-
siderable, it may pressure females with large clutches
to take fewer, longer breaks to decrease the overall cost
of rewarming the eggs (Drent 1973). We detected only
a very weak negative effect of the interaction of in-
cubation day and clutch size on break length, but we
believe that this issue deserves more attention, partic-
ularly for species like Common Goldeneyes with high
levels of nest parasitism. We estimate that at least six
of the nests we monitored were parasitized by other
female Common Goldeneyes.

We also did not detect an effect of precipitation on
any of the components of incubation, which is likely
due to the enclosed nature of nest boxes. Open nesters
increase attentiveness during rain showers (Afton
1980, Afton and Paulus 1992), although there could
be a reduction in food availability during precipitation
events (Sjoberg and Danell 1982) that could discour-
age recess initiation if food acquisition motivates nest
breaks. Zicus et al. (1995) suggested a positive rela-
tionship between incubation constancy and quality of
the foraging territory, indicating that food acquisition
may play a role in recess behavior. Food-resource sam-
pling could be conducted to address habitat quality is-
sues, although this would likely require an extensive
radio telemetry relocation effort. It has also been hy-
pothesized that females in better condition have higher
constancies and shorter incubation periods (Zicus et al.
1995), although Manlove and Hepp (2000) found no
relationship between incubation constancy and body
mass in Wood Ducks. In our study we did not have a
sufficient sample of females with body condition in-
dices to explore this hypothesis. However, female con-
dition and ability to obtain sufficient food resources
during incubation could be very important in deter-
mining incubation behavior, and their effects should
be explored further.

The simultaneous measurement of ambient and nest
temperatures could help determine the effect of indi-
vidual microclimate on nest attendance behaviors. The
low cost of data loggers, combined with the increasing
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ease of analytical techniques will likely increase sam-
ple sizes in the future. We suggest that a broad-scale
study with larger sample sizes is necessary to establish
if these incubation patterns are specific to Common
Goldeneyes, and to determine if other habitat and fe-
male-specific variables influence incubation behaviors.

We suggest that female incubation patterns may be
due to unmeasured endogenous cues, or nest-specific
microclimate variables. The lack of strong inference in
this study indicates that other factors are likely re-
sponsible for variation in incubation behaviors. Future
research should consider variables such as female body
condition, nest attributes, food-availability, and distur-
bance in an attempt to determine causal mechanisms.
Possibly larger sample sizes and measurement of fe-
male-specific variables will help identify the reasons
for observed nest attendance patterns.

A. Powell, M. MacCluskie, and an anonymous re-
viewer provided comments on previous versions of
this manuscript. R. Oates aided in project design. B.
Soiseth and B. Otts provided field assistance. Project
funding was provided by the U.S. Fish and Wildlife
Service, Migratory Bird Management, Alaska.

LITERATURE CITED

AFTON, A. D. 1980. Factors affecting incubation
rhythms of Northern Shovelers. Condor 82:132–
137.

AFTON, A. D., AND S. L. PAULUS. 1992. Incubation and
brood care in waterfowl, p. 62–108. In B. D. J.
Batt, A. D. Afton, M. G. Anderson, C. D. Ankney,
D. H. Johnson, J. A. Kadlec, and G. L. Krapu
[EDS.], The ecology and management of breeding
waterfowl. University of Minnesota Press, St.
Paul, MN.

ANDERSON, C. M., AND C. F. J. WU. 1995. Measuring
location effects from factorial experiments with a
directional response. International Statistical Re-
view 63:345–363.

BORGIOLI, C., L. MARTELLI, F. PORRI, A. D’ELIA, G. M.
MARCHETTI, AND F. SCAPINI. 1999. Orientation in
Talitrus saltator (Montagu): trends in intrapopu-
lation variability related to environmental and in-
trinsic factors. Journal of Experimental Marine Bi-
ology and Ecology 238:29–47.

BROWN, P. W., AND L. H. FREDRICKSON. 1987. Time
budget and incubation behavior of breeding
White-winged Scoters. Wilson Bulletin 99:50–55.

DRENT, R. H. 1973. The natural history of incubation.
In D. S. Farner [ED.], Breeding biology of birds.
National Academy of Sciences, Washington, DC.

EADIE, J., M. MALLORY, AND H. LUMSDEN. 1995. Com-
mon Goldeneye (Bucephala clangula). In A.

Poole and F. Gill [EDS.], The birds of North Amer-
ica, No. 170. The Academy of Natural Sciences,
Philadelphia, PA, and the American Ornitholo-
gists’ Union, Washington, DC.

FISHER, N. I., AND A. J. LEE. 1992. Regression models
for an angular response. Biometrics 48:665–677.

FISHER, N. I. 1993. Statistical analysis of circular data.
Cambridge, UK.

FLINT, P. L., AND J. B. GRAND. 1999. Incubation be-
havior of Spectacled Eiders on the Yukon-Kus-
kokwim Delta, Alaska. Condor 101:413–416.

FLINT, P. L., M. L. LINDBERG, M. C. MACCLUSKIE, AND

J. S. SEDINGER. 1994. The adaptive significance of
hatching synchrony of waterfowl eggs. Wildfowl
45:248–254.

HOHMAN, W. L. 1986. Incubation rhythms of Ring-
necked Ducks. Condor 88:290–296.

MACCLUSKIE, M. C., AND J. S. SEDINGER. 1999. Incu-
bation behavior of Northern Shovelers in the sub-
arctic: a contrast to the prairies. Condor 101:417–
421.

MALLORY, M. L., AND P. J. WEATHERHEAD. 1993. In-
cubation rhythms and mass loss of Common
Goldeneyes. Condor 95:849–859.

MANLOVE, C. A., AND G. R. HEPP. 2000. Patterns of
nest attendance in female Wood Ducks. Condor
102:286–291.

R DEVELOPMENT CORE TEAM [ONLINE]. 2003. R: a lan-
guage and environment for statistical computing.
R Foundation for Statistical Computing, Vienna,
Austria. ,http://www.R-project.org. (16 June
2004).

RINGLEMAN, J. K., J. R. LONGCORE, AND R. B. OWEN

JR. 1982. Nest and brood attentiveness in female
Black Ducks. Condor 84:110–116.

SAS INSTITUTE. 1999. The SAS system for Windows,
version 8.0. SAS Institute Inc., Cary, NC.

SJOBERG, K., AND K. DANELL. 1982. Feeding activity
of ducks in relation to diel emergence of chiron-
omids. Canadian Journal of Zoology 60:1383–
1387.

THOMPSON, S. C., AND D. G. RAVELING. 1987. Incu-
bation behavior of Emperor Geese compared with
other geese: interactions of predation, body size,
and energetics. Auk 104:707–716.

WELLER, M. W. 1956. A simple field candler for wa-
terfowl eggs. Journal of Wildlife Management 20:
111–113.

YERKES, T. 1998. The influence of female age, body
mass, and ambient conditions on Redhead incu-
bation constancy. Condor 100:62–68.

ZICUS, M. C., S. K. HENNES, AND M. R. RIGGS. 1995.
Common Goldeneye nest attendance patterns.
Condor 97:461–472.



SHORT COMMUNICATIONS 173

The Condor 107:173–177
q The Cooper Ornithological Society 2005

DO WINTERING HARLEQUIN DUCKS FORAGE NOCTURNALLY AT
HIGH LATITUDES?
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Abstract. We monitored radio-tagged Harlequin
Ducks (Histrionicus histrionicus) to determine whether
nocturnal feeding was part of their foraging strategy
during winter in south-central Alaska. Despite attri-
butes of our study site (low ambient temperatures,
harsh weather, short day length) and study species
(small body size, high daytime foraging rates) that
would be expected to favor nocturnal foraging, we
found no evidence of nocturnal dive-feeding. Signals
from eight radio-tagged Harlequin Ducks never exhib-
ited signal loss due to diving during a total of 780
minutes of nocturnal monitoring. In contrast, the same
eight birds exhibited signal loss during 62 6 7% (SE)
of 5-minute diurnal monitoring periods (total of 365
minutes of monitoring). Our results suggest that Har-
lequin Ducks in south-central Alaska face a stringent
time constraint on daytime foraging during midwinter.
Harlequin Ducks wintering at high latitudes, therefore,
may be particularly sensitive to factors that increase
foraging requirements or decrease foraging efficiency.

Key words: Alaska, Harlequin Duck, Histrionicus
histrionicus, nocturnal foraging, radio telemetry, time
constraint, winter.

¿Acaso el Pato Histrionicus histrionicus
Forrajea Durante la Noche a Altas Latitudes?

Resumen. En este estudio monitoreamos patos
Histrionicus histrionicus marcados con radio transmi-
sores para determinar si la alimentación nocturna es
parte de su estrategia de forrajeo durante el invierno
en el sur-centro de Alaska. A pesar de que se esperarı́a
que el forrajeo nocturno fuera favorecido por las ca-
racterı́sticas de nuestro sitio de estudio (temperaturas
ambientales bajas, clima inclemente, dı́as de corta du-
ración) y de la especie estudiada (tamaño corporal pe-
queño, altas tasas de forrajeo durante el dı́a), no en-
contramos evidencia de alimentación mediante buceo
en la noche. Las señales emitidas por los transmisores
acoplados a ocho individuos nunca se redujeron como
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vember 2004.
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Science Center, 1011 East Tudor Road, Anchorage,
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consecuencia de actividades de buceo durante un total
de 780 minutos de monitoreo nocturno. En contraste,
los mismos ocho individuos evidenciaron pérdidas de
la señal durante el 62% 6 7% (EE) de los perı́odos de
monitoreo diurnos de cinco minutos de duración (en
total se monitorearon 365 minutos). Nuestros resulta-
dos sugieren que los patos H. histrionicus están sujetos
a una fuerte limitante de tiempo en cuanto al forrajeo
diurno durante el invierno medio en el sur-centro de
Alaska. Por lo tanto, los individuos que pasan el in-
vierno en latitudes altas podrı́an ser particularmente
sensibles a factores que incrementen los requerimien-
tos de forrajeo o que disminuyan la eficiencia de for-
rajeo.

Foraging behavior can be adjusted in response to
changing conditions to optimize energy intake (Schoe-
ner 1971, Pyke 1977). Thus foraging behavior is fun-
damentally linked to fitness because energy intake has
direct effects on survival. Birds have been shown to
increase their foraging activity in association with in-
creased maintenance energy costs or decreased food
availability (Owen et al. 1992, Percival and Evans
1997, McKnight 1998, Webster and Weathers 2000,
Cope 2003). Some species that normally feed only dur-
ing daylight extend foraging into the nocturnal period
in response to reduced day length (Systad et al. 2000,
Systad and Bustnes 2001), or disturbance during di-
urnal foraging time (Thornburg 1973, Lane and Hassel
1996). Sea ducks (Anatidae: Mergini) are generally be-
lieved to be visual foragers that are limited by light
conditions to forage only during daylight (Owen 1990,
McNeil et al. 1992), although few data exist to support
this assumption (Guillemette 1998). However, recent
studies of sea ducks wintering at high latitudes have
found that some species feed during darkness when
day length is short (Systad et al. 2000, Systad and
Bustnes 2001).

Requirements for energetically efficient foraging in
Harlequin Ducks (Histrionicus histrionicus) are likely
highest during mid-winter when harsh environmental
conditions increase maintenance energy requirements,
and short day length decreases time available for di-
urnal foraging (Goudie and Ankney 1986). Among sea
ducks, Harlequin Ducks are small-bodied (0.4–0.8 kg),
and hence have higher mass-specific metabolic rates,
higher rates of heat loss, and are less able to rely on
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stored reserves for extended periods (Calder 1974). In-
deed, foraging accounts for .70% of Harlequin Duck
diurnal activity in the winter, and time spent foraging
has been found to be negatively correlated with tem-
perature and day length (Goudie and Ankney 1986,
Fischer and Griffin 2000). Given the high proportion
of the day spent feeding, Harlequin Ducks face a strin-
gent time constraint on increasing diurnal foraging
(Goudie and Ankney 1986). Nocturnal foraging, how-
ever, could ease the constraint of short day length for
Harlequin Ducks wintering at high latitudes by ex-
tending foraging beyond the diurnal period.

We examined the nocturnal behavior of Harlequin
Ducks wintering in Resurrection Bay, on the south-
central coast of Alaska, near the northern limit of their
winter range (Robertson and Goudie 1999). Using ra-
dio telemetry, we looked for evidence of dive-feeding
at night during the winter of 2001–2002. Our objective
was to better understand the winter foraging ecology
of Harlequin Ducks and to directly test the assumption
that this species is constrained to forage during day-
light. Also, Harlequin Ducks are considered to be par-
ticularly sensitive to changes in their wintering envi-
ronment and have been shown to respond more strong-
ly than other species to anthropogenic disturbance (Es-
ler et al. 2002). Therefore, the results of this study are
relevant for evaluating whether Harlequin Ducks can
employ nocturnal foraging to accommodate anthropo-
genic disturbance and other factors affecting foraging
efficiency on the wintering grounds.

METHODS

This study was conducted in Resurrection Bay
(60869N, 1498249W), a glacial fjord located on the
southeast side of the Kenai Peninsula, Alaska. Harle-
quin Ducks were captured at Lowell Point, an alluvial
fan on the west side of the bay 3 km south of the town
of Seward. The shoreline immediately north and south
of Lowell Point slopes steeply into subtidal habitat,
while the point is gently sloping with a large expanse
of intertidal habitat composed of boulder, cobble, and
gravel sediment. Maximum tide level range in Resur-
rection Bay is 5 m during winter. A group of ca. 35
Harlequin Ducks wintered along Lowell Point in
2001–2002.

On 13 and 14 October 2001 we captured Harlequin
Ducks using a modified floating mist net (Kaiser et al.
1995). Ten Harlequin Ducks, six males and four fe-
males, were captured and surgically implanted with ra-
dio-transmitters (Holohill Systems Ltd., Ontario, Ca-
nada). Radio-transmitters weighed 18.8 g (,3% of
adult body mass), had a 6-month battery life expec-
tancy, a pulse rate of 44–46 pulses per minute, and a
mortality switch that doubled the pulse rate if the
transmitter remained motionless for $12 hr. Surgeries
to implant radio-transmitters were conducted at the
Alaska SeaLife Center in Seward, Alaska by a veter-
inarian experienced with the procedure and under pro-
tocols approved by the Institutional Animal Care and
Use Committee of the Alaska SeaLife Center (protocol
00–005). Surgically implanted transmitters have been
used successfully in previous studies with Harlequin
Ducks and were found to carry a low risk of mortality
(Mulcahy and Esler 1999). Radio-tagged birds were

held for one hour after surgery and then released at
the location of their capture.

Radio signals were monitored from a remote-telem-
etry station consisting of two mast-mounted, four el-
ement Yagi antennas connected to an Advanced Te-
lemetry System R4000 receiver (Isanti, Minnesota) lo-
cated on the hillside above the capture location at an
elevation of ca. 70 m. Loss of radio-signal reception
was used as an indicator of diving behavior (Custer et
al. 1996, Jodice and Collopy 1999). Daytime visual
observations of radio-tagged birds confirmed that pul-
ses were inaudible during dives and audible again
upon resurfacing. During each remote-signal monitor-
ing session, the radio frequency from each radio-
tagged bird was monitored for signal reception loss
caused by diving behavior during a period of 5 min-
utes. Radio-tagged birds not detected were recorded as
absent from the study area. We conducted radio-signal
monitoring sessions during both diurnal and nocturnal
periods; we defined the diurnal period as ranging from
30 minutes before sunrise until 30 minutes after sunset.
Radio signals were monitored at least once per week
from November 2001 through March 2002.

Because not all radio-tagged birds were detected
during each signal monitoring session, detection rates
during diurnal and nocturnal signal monitoring ses-
sions were calculated for each radio-tagged bird as the
percentage of signal monitoring sessions during which
each bird was present in the study area. Diurnal and
nocturnal detection rates were averaged across all ra-
dio-tagged birds. For each radio-tagged bird, the per-
centage of 5-minute signal monitoring periods during
which the bird was detected in the study area and its
signal was lost due to diving was calculated and av-
eraged across all birds for diurnal and nocturnal ses-
sions as estimates of diving frequency during day and
night. Estimates are presented as mean 6 SE.

RESULTS

Of the 10 Harlequin Ducks radio-tagged, one individ-
ual was never detected after release. The radio signal
from a second individual was not heard until seven
weeks after release when its mortality signal was de-
tected and its freshly killed carcass was found in a tree
commonly used by Bald Eagles (Haliaeetus leuco-
cephalus). Because these two birds were never detect-
ed in the study area alive, they did not contribute any
signal monitoring data. The remaining eight radio-
tagged birds were detected alive and in the study area
during the study period.

Signals from radio-tagged Harlequin Ducks were
monitored during a total of 34 sessions between No-
vember 2001 and March 2002: 22 sessions at night
and 12 sessions during the day. Signal monitoring ses-
sions were distributed throughout both the diurnal and
nocturnal periods and were conducted across a broad
range of tide levels and weather conditions. Most ra-
dio-tagged birds were detected during each signal
monitoring session, although the average number of
birds detected during nocturnal sessions (7.0 6 0.2, n
5 22 sessions) was slightly greater than the average
number detected during diurnal sessions (6.2 6 0.3, n
5 12 sessions). The average detection rate for radio-
tagged birds during nocturnal signal monitoring ses-
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TABLE 1. Number of signal detections for each of eight radio-tagged Harlequin Ducks, and number of de-
tections during which diving behavior was indicated by signal loss for diurnal (n 5 12 sessions) and nocturnal
(n 5 22 sessions) periods during winter 2001–2002 in Resurrection Bay, Alaska.

Radio
frequency

Diurnal period

Detections
Detections with

diving

Nocturnal period

Detections
Detections with

diving

6.903 3 1 17 0
7.032 8 6 20 0
7.056 12 9 20 0
7.207 12 9 21 0
7.221 12 9 18 0
7.245 3 1 19 0
7.307 12 7 20 0
7.320 11 8 21 0
Mean 6 SE 9.1 6 1.4 6.2 6 1.2 19.5 6 0.5 0.0 6 0.0

sion was 89 6 2% (an average of 19.5 detections dur-
ing 22 nocturnal monitoring sessions) and was less
variable than the average detection rate during diurnal
signal monitoring sessions (76 6 10%, or an average
of 9.1 detections during 12 diurnal monitoring ses-
sions; Table 1). Signal loss indicative of diving was
not heard from any radio-tagged Harlequin Duck dur-
ing a total of 780 minutes of nocturnal monitoring. In
contrast, signal loss indicative of diving was heard dur-
ing an average 62 6 7% of diurnal detections of birds
present in the study area (a total of 365 minutes of
signal monitoring; Table 1). Thus diving behavior was
never detected at night but was detected frequently
during the day.

DISCUSSION

We found no evidence that radio-tagged Harlequin
Ducks wintering in Resurrection Bay foraged by div-
ing at night. High nocturnal detection rates and ab-
sence of signal loss indicative of diving behavior are
consistent with the hypothesis that Harlequin Ducks
rest in groups offshore at night (Fischer and Griffin
2000, Rodway and Cooke 2001). The more variable
average detection rate during the day compared to
night, and the high percentage of daytime detections
with signal loss due to diving may reflect higher levels
of activity and movements to feeding areas out of de-
tection range.

Despite challenging ambient temperature (mean
24.48C, range 223.98C to 6.18C; NOAA 2002) and
photoperiod (mean 8.3 hours, range 6.8 to 11.4 hours;
U. S. Navy 2002) conditions during our study period,
we did not detect nocturnal dive-feeding by Harlequin
Ducks. The apparent absence of nocturnal dive-feeding
behavior in the Harlequin Ducks monitored in this
study may indicate that dive-feeding is not energeti-
cally profitable at night. Nilsson (1970) speculated that
sessile prey may be more available to dive-feeding wa-
terfowl at night than motile prey. King Eiders (So-
materia spectabilis) and Common Eiders (S. mollissi-
ma), both large species of sea ducks that feed on ses-
sile invertebrates by diving, responded to reduced pho-
toperiod and harsh weather conditions at a 708N
latitude wintering site by foraging during early morn-
ing and late evening darkness, suggesting that these

species were able to forage profitably under low light
conditions (Systad et al. 2000).

Relatively sessile prey (e.g., snails, limpets, chitons,
mussels), however, compose only a portion of the win-
ter diet of Harlequin Ducks (Vermeer 1983, Goudie
and Ankney 1986, Gains and Fitzner 1987, Fischer and
Griffin 2000). If motile prey (e.g., amphipods, isopods)
are unavailable to Harlequin Ducks at night, the over-
all density of prey available to nocturnally foraging
birds would be reduced relative to prey densities en-
countered during the day. In addition, sessile prey have
lower energy content than motile prey (Goudie and
Ankney 1986, Fischer and Griffin 2000). Given that
diving is an energetically expensive behavior (Lovvorn
and Jones 1991), and capture success would likely be
reduced by decreased prey density and decreased prey
conspicuousness at night (Schoener 1971), the costs
associated with nocturnal dive-feeding likely outweigh
the potential benefits.

Some species of waterfowl may forage profitably at
night by foraging in areas with high densities of prey,
or by increasing the efficiency of their foraging behav-
ior. For example, Systad and Bustnes (2001) found that
Steller’s Eider (Polysticta stelleri) wintering at high
latitude (708 N) forage at night during midwinter and
likely decreased foraging costs by increasing their use
of non diving foraging behaviors (surface-feeding, up-
ending) and concentrating foraging activity during low
tide. The use of dense kelp beds as foraging habitat,
which contain high densities of invertebrate prey
(Bustnes and Systad 2001), may increase their foraging
efficiency and make feeding at night profitable. Simi-
larly, species of dive-feeding waterfowl wintering in
areas with high densities of food often forage at night
(Nilsson 1970, Custer et al. 1996).

We found no evidence of nocturnal foraging in Har-
lequin Ducks, even during low tide levels when diving
is most energetically efficient (Systad and Bustnes
2001). Harlequin Ducks occupy rocky, nearshore hab-
itats during winter (Goudie and Ankney 1988, Esler,
Bowman et al. 2000). We observed Harlequin Ducks
foraging during the day in shallow intertidal habitat
using non-diving behaviors; however, non-dive forag-
ing was always observed in association with dive-feed-
ing. We attempted to locate radio-tagged individuals
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in this study at night on their diurnal foraging area
using a handheld receiver and antenna, and found that
low signal strength suggested birds were not near
shore. We also observed daily offshore movements
shortly after sunset by Harlequin Ducks at Lowell
Point, as have been documented at other wintering ar-
eas (Fischer and Griffin 2000, Rodway and Cooke
2001). Offshore movements by Harlequin Ducks in
winter have been hypothesized to be associated with
increased predation risk from nocturnally active pred-
ators (e.g., mink [Mustela vison], Rodway and Cooke
2001). In addition to risk of predation, we speculate
that reduced foraging efficiency at night in rocky near-
shore habitats may make nocturnal foraging more en-
ergetically costly than resting for Harlequin Ducks.

In winter, Harlequin Ducks maintain very high di-
urnal foraging rates to meet daily energy requirements
and may minimize energy expenditure at night by rest-
ing, when foraging conditions are likely poor. This hy-
pothesis is supported by increased foraging rates dur-
ing the evening by wintering Harlequin Ducks that
suggests preparation for a period of nonfeeding during
the night (Goudie and Ankney 1986, Fischer and Grif-
fin 2000, Heath et al. 2005). The apparent absence of
nocturnal dive-feeding in this study, in addition to off-
shore movements at night, suggest that Harlequin
Ducks in south-central Alaska do not feed at night dur-
ing winter. On northern wintering grounds, reduced
day length may place constraints on the amount of
time available for diurnal foraging by Harlequin
Ducks.

Esler, Schmutz et al. (2000) found that Harlequin
Duck survival was reduced in areas affected by the
Exxon Valdez oil spill compared to unoiled areas, and
speculated that subtle changes in energy or time-activ-
ity budgets may have caused these differences in sur-
vival. Harlequin Ducks appear sensitive to changes in
their environment and our finding that Harlequin
Ducks wintering in south-central Alaska rarely, if ever,
feed at night suggests that they are likely unable to use
nocturnal foraging to compensate for anthropogenic al-
terations (including oil contamination) of their winter-
ing habitat.

This research was supported by the Exxon Valdez
Oil Spill Trustee Council. However, the findings and
conclusions presented by the authors are their own and
do not necessarily reflect the views or positions of the
Trustee Council. We are grateful for logistic support
from the Alaska Science Center, US Geological Sur-
vey, and US Fish and Wildlife Service. D. Mulcahy
conducted radio implant surgeries with assistance from
M. Gray, T. Lebling, and N. Noll of the Alaska SeaLife
Center. T. Bowman, A. Dahood, K. Fielitz, and P. Park-
er assisted with capturing birds. D. Rosenberg and M.
Petrula shared improvements to the floating mist net
design. D. Irons and D. Ward provided telemetry
equipment. D. Leech generously permitted access to
his property at Lowell Point. R. Suryan provided valu-
able advice on radio telemetry, and J. Fischer provided
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ior.
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VARIATION IN HUMAN DISTURBANCE DIFFERENTIALLY AFFECTS PREDATION RISK
ASSESSMENT IN WESTERN GULLS

NICOLAAS V. WEBB AND DANIEL T. BLUMSTEIN1

Department of Ecology and Evolutionary Biology, University of California, 621 Young Drive South,
Los Angeles, CA 90095

Abstract. Many studies have demonstrated that
birds behave differently in areas with different levels
of human disturbance. Studies frequently characterize
sites as having an overall level of human disturbance,
and compare how birds respond at sites with high and
low levels of disturbance. Doing so assumes that dis-
turbance has a fairly constant effect on animals
throughout a site. We measured the distance at which
individual Western Gulls (Larus occidentalis) moved
away from an approaching observer along a stretch of
beach on both sides of the Santa Monica Pier, a heavily
visited tourist attraction in southern California. We
found that these flight initiation distances decreased in
areas where more people visited the beach, and spe-
cifically in a small area near the pier. We found that
flight initiation distance changed very rapidly within a
short distance from the pier. Our results indicate that
anthropogenic features may leave a ‘‘behavioral foot-
print.’’ Identifying the scale of such behavioral foot-
prints should be an important goal of studies that seek
to reduce anthropogenic impacts on birds.

Key words: flight initiation distance, human distur-
bance, Larus occidentalis, predation risk assessment.

La Variación del Disturbio Humano Afecta
Diferencialmente la Percepción del Riesgo de
Depredación en Gaviotas Larus occidentalis

Resumen. Muchos estudios han demostrado que
las aves se comportan de modo diferente en áreas con
distintos niveles de disturbio humano. Los estudios fre-
cuentemente caracterizan sitios con base en su nivel
general de disturbio y comparan las respuestas de las
aves entre lugares con niveles altos y bajos de distur-
bio. Al hacer esto, se supone que el disturbio tiene un
efecto aproximadamente constante sobre los animales
a través de un sitio dado. En este estudio medimos la
distancia a la cual gaviotas de la especie Larus occi-
dentalis se desplazaron alejándose de un observador a
lo largo de un tramo de playa en ambos lados del em-
barcadero de Santa Monica, una atracción turı́stica
muy visitada ubicada en el sur de California. Encon-
tramos que las distancias al observador a las que las
aves iniciaron el vuelo disminuyeron en áreas donde
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vember 2004.
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más personas visitaron la playa, y especı́ficamente en
un área cercana al embarcadero. Las distancias a las
que las gaviotas iniciaron el vuelo cambiaron muy rá-
pidamente en una distancia muy corta desde el puerto,
hasta alcanzar una distancia constante. Nuestros resul-
tados indican que las estructuras antropogénicas po-
drian dejar una ‘‘huella comportamental’’. Identificar
la escala de dichas huellas deberı́a ser un objetivo im-
portante de estudios que tengan como fin reducir el
impacto antrópico sobre las aves.

Nonlethal human disturbance has a number of detri-
mental effects on birds. Because human interference
shares many characteristics with predation risk (Frid
and Dill 2002), disturbed individuals that flee will lose
access to resources and incur a cost of flight. Even
without flight, human disturbance incurs opportunity
costs, such as increased vigilance (Ward and Low
1997), and reduced foraging (Lord et al. 1997). Birds
commonly habituate to repeated disturbance (Cooke
1980, Burger and Gochfeld 1991, Lord et al. 2001),
but the temporal and spatial scale of habituation is un-
known. Ikuta and Blumstein (2003) found that birds
on the side of a fence that blocked human visitation
responded no differently from birds at a location with-
out much visitation. However, variation in many hu-
man impacts are more diffuse than those produced by
the sharp boundary of a fence. We examined how
Western Gulls (Larus occidentalis) habituated to hu-
man visitation in the area surrounding a heavily visited
tourist destination, the Santa Monica Pier in California.
Specifically, we searched for any evidence of highly
localized effects.

We measured flight initiation distance, which we
used as an indicator of predation hazard assessment
(Ydenberg and Dill 1986, Bonenfant and Kramer
1996, Blumstein 2003). Flight initiation distance is the
distance at which a bird moves away from an ap-
proaching threat, and reflects an economic decision,
whereby animals flee when the perceived costs of
flight outweigh the perceived benefits of remaining in
place. Because variation in flight initiation distance
represents variation in predation hazard assessment,
variation in flight initiation distance can be used to
identify habituation (Ikuta and Blumstein 2003, Run-
yan and Blumstein 2004).

According to the Santa Monica Pier Restoration
Corporation, the Santa Monica Pier receives approxi-
mately 3.5 million visitors per year, and the beaches
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on either side are some of the most popular in the
region. However, the two sides of the pier are mark-
edly different. The southeast, or Venice, side is more
urban and developed, while the northwest, or Topanga,
side has lower-density housing and fewer parking op-
portunities. Western Gulls forage opportunistically on
garbage around the Santa Monica Pier. Gulls disturbed
by humans may face the opportunity cost of lost food,
as well as the cost of flight. To measure the impact
that the Santa Monica Pier and its associated human
visitation had on the behavior of Western Gulls, we
baited gulls with bread and quantified their flight ini-
tiation distance in response to direct human approach.
We hypothesized that gulls would be more tolerant to
human disturbance closer to the pier, and that they
would be more tolerant on the Venice side than on the
Topanga side, because the areas around the pier receive
a lot of visitors, and the Venice side is more developed
than the Topanga side. We reasoned that gulls might
habituate to human disturbance more in these areas.

METHODS

This study was conducted at Santa Monica Beach in
Los Angeles, California, in a 2-km radius from Santa
Monica Pier (348019N, 1188309W). All data were col-
lected between 09:00 and 12:00 from 6 October to 27
November 2003. We alternated data collection be-
tween the Topanga and Venice sides of the pier and
only collected data on one side of the pier per day.
Each day, the distance from the pier where we began
collecting data was selected randomly. We collected as
many as six trials on a given date (mean 6 SD 5 3.6
6 1.3). A single observer (NVW) collected all data.
The observer counted the number of people within a
100-m radius, the number of gulls within 10 m and 50
m of the bait and the presence of any large groups of
loafing gulls within 100 m.

We baited gulls with approximately 70 g (two slices)
of wheat bread, which had been ground to crumbs in
a food processor. This was placed in a small pile either
7.5 or 15 m from the water’s edge. The observer would
then move either 30 or 50 m from the bait and wait
for birds to begin foraging. Distances were alternated
between each trial. We also recorded the latency until
a bird began to forage.

Following a bird’s arrival, we waited 1 min before
approaching, during which time the number of nearby
conspecifics and heterospecifics were counted. We then
directly approached the bird at a pace of 1 m per sec-
ond and recorded the distance at which the bird looked
up at the observer, the distance at which the bird
stopped foraging, and the distance at which it moved
away. Following flight, the observer continued walk-
ing to the bait, turned around and returned to the orig-
inal position, and then recorded the amount of time it
took for the focal bird to return to the food source. On
the few occasions that the focal bird flew out of sight,
no return time was recorded. We converted distance,
in paces, to meters for all analyses. Analyses focused
on log-transformed measures of distance to meet the
assumptions of data distribution for linear models.

Analyses were performed using SuperAnova (Aba-
cus Concepts Inc. 1991), and StatView (SAS Institute
Inc. 1999). Analyses were hierarchal. First, we con-

structed an ANCOVA model to explain variation in
the logarithm of flight initiation distance where the cat-
egorical starting distance and distance to pier were fac-
tors and covariates, respectively. This model also con-
tained the interaction between the two independent
variables. Additional covariates, such as percent cloud
cover and number of humans, were added one at a time
to this basic model. We also fit a model using distance
to pier as the only covariate. Finally, models were fit
separately for both the Topanga and the Venice sides
of the pier.

In addition to these linear models (y 5 ax 1 b), we
constructed nonlinear power models (y 5 axb) to ex-
plain variation in logarithm of flight initiation distance
as a function of distance to the pier on both the To-
panga side and the Venice side.

RESULTS

Using the data from both sides of the pier, we found
no relationship between distance to pier and the log-
arithm of flight initiation distance (ANCOVA, all P-
values . 0.17). However, when we looked at birds’
responses for each side of the pier (Venice and Topan-
ga) independently, we found that models explained
significant variation in birds’ flight initiation distance
(Venice, model adj. R2 5 0.21, P 5 0.04; Topanga,
adj. R2 5 0.30, P 5 0.03; Fig. 1). On the Venice side
of the pier, we found significant effects of observer
starting distance (P 5 0.008), and distance from the
pier (P 5 0.08), and a marginally significant interac-
tion (P 5 0.06) that contributed to this model. On the
Topanga side of the pier, we found that the nonsignif-
icant effects of starting distance from the bird (P 5
0.89), the distance from the pier (P 5 0.23), and the
interaction between these two (P 5 0.68) contributed
to the model explaining significant variation in flight
initiation distances of gulls. On the Topanga side, a
separate model using only distance from the pier ex-
plained relatively more variation in the logarithm of
flight initiation distance (adj. R2 5 0.33, P 5 0.003)
than our general model (described above).

The power model shows that flight initiation dis-
tance increased rapidly at distances close to the pier.
Flight initiation distance changed less with increasing
distance away from the pier. On the Venice side, this
model failed to explain variation in flight initiation dis-
tance (P 5 0.87). The logarithm of flight initiation
distance was significantly influenced by the number of
humans on the Topanga side (adj. R2 5 0.21, P 5
0.02), but not on the Venice side (P 5 0.21). A power
model explained more variation in the logarithm of
flight initiation distance on the Topanga side (adj. R2

5 0.45; P , 0.001) than did a linear model (adj. R2 5
0.36; P 5 0.003). On the Venice side, neither a linear
model (adj. R2 5 20.04; P 5 0.87) nor a power model
(adj. R2 5 20.04; P 5 0.77) explained variation of the
logarithm of flight initiation distance.

Cloud cover varied daily; more birds were present
on the beach on cloudy days. When added as a factor
to the basic model, percent cloud cover explained more
variation in flight initiation distance on the Topanga
side (adj. R2 5 0.39, P 5 0.01; cloud cover, P 5 0.08;
starting distance, P 5 0.91; distance from pier, P 5
0.21; interaction, P 5 0.63). Overall, flight initiation
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FIGURE 1. A) Western Gull flight initiation distance
increased rapidly with distance from the Santa Monica
pier on the Topanga side of the pier, and less rapidly
on the Venice side of the pier. Circles indicate short
(30 m) starting distances, and squares indicate long (50
m) starting distances for the 48 experimental approach-
es towards gulls. Lines illustrate linear regressions on
raw data. Statistical analyses were conducted on log-
transformed data. B) Counts of people within 100 m
of observer conducting the experimental approach.
More people are concentrated around the pier on the
Topanga side than on the Venice side.

distances increased with cloud cover. A model fit to
data from the Venice side of the beach was not signif-
icant when cloud cover was added (adj. R2 5 0.211,
P 5 0.06).

On the beaches of the Venice side, flight initiation
distance was not related to distance from the pier. In
this area of concentrated human visitation, gulls tol-
erated closer approach by humans. Despite these dif-
ferences in human disturbance, there was no significant
difference in the gull’s flight initiation distance on ei-
ther side of the pier (paired t-test, t 5 20.46, P 5
0.65). However, the pattern of flight initiation distance
varied with distance. The Venice side showed very lit-
tle variation over distance, while the flight initiation
distances on the Topanga side were initially much low-
er very close to the pier, and then leveled off with
increasing distance from the pier.

The total number of humans observed during data
collection on each side of the pier did not vary signif-

icantly (paired t-test, t 5 0.42, P 5 0.68). However,
there was a significant negative relationship between
the number of humans observed and the distance from
the pier on the Topanga side (adj. R2 5 0.36, P 5
0.002), but not on the Venice side (adj. R2 5 0.09, P
5 0.07).

DISCUSSION

Differences between the Topanga and Venice side of
the pier in flight initiation distance may be a result of
differences in human visitation pattern. The Venice
side was more consistently used, while on the Topanga
side, there were relatively more visitors close to the
pier. This is likely a result of the different pattern of
development in the two areas. There are many resi-
dences, shops, and streets that come right up to the
beach on the Venice side, as well as many parking
opportunities for visitors. In contrast, parking con-
straints restrict access to the Topanga side. Addition-
ally, the Topanga side is dominated by residential de-
velopment, much of it across the Pacific Coast High-
way, and only a few businesses cater to beach visitors.
A notable exception to this is the area immediately to
the North of the pier. Many people visiting the pier
also visit this part of the beach, which has direct access
to the pier. In contrast, the Venice side of the pier does
not receive this additional pier traffic. On the beaches
of the Venice side, gulls experience continuous, high
level human activity. In contrast, on the Topanga side,
human disturbance was concentrated beneath the pier.

The finding that flight initiation distance decreased
in areas with greater disturbance is consistent with nu-
merous previous studies (Burger and Gochfeld 1982,
Smit and Visser 1993, Lord et al. 2001, Miller et al.
2001, Ikuta and Blumstein 2003). However, these stud-
ies focused on separate areas with different overall de-
grees of disturbance. None of these previous studies
examined change in behavior over a continuum. In this
case, at least on the Topanga side of the Santa Monica
Pier, there was a gradient of disturbance that was re-
flected in a gradient of behavioral change in Western
Gulls.

One possible explanation for the observation that
flight initiation distance decreased with distance is that
the gulls habituated to their local level of disturbance
and became more tolerant in more disturbed areas.
While this was possible on the Venice side, where the
level of disturbance was more constant, it was unlikely
on the Topanga side because the flight initiation dis-
tance varied over such a short distance. Casual obser-
vation suggests that gulls have fairly large home rang-
es, they travel quite frequently, and the pier does not
appear to act as a barrier separating the two sides. If
so, they would routinely be exposed to varying levels
of disturbance.

A more likely explanation is that the gulls distrib-
uted themselves based on disturbance tolerance with
more tolerant individuals preferentially selecting hab-
itats near the pier, taking advantage of food provided
by human refuse. Less tolerant individuals would dis-
perse to less disturbed areas farther away from the pier.

Another possibility is that the gulls adjusted their
flight initiation distance based on the local level of
disturbance. The gulls might remember which areas
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had greater disturbance in the past, and adjust their
degree of tolerance depending on where they were at
the time. For example, a gull might learn that distur-
bance near the pier is largely benign, but they might
be more wary in places where disturbance is less com-
mon. Alternatively, the gulls might have adjusted their
tolerance depending on the number of people around
them. However, this did not occur on the Venice side,
where there was no association between the number of
people and flight initiation distance. If the gulls ad-
justed their tolerance, they did it based on location, not
on the current number of people.

Our results from the nonlinear power models dem-
onstrate that the effects of human disturbance on a
small spatial scale are meaningful to the birds. The
area just north of the Santa Monica pier is heavily used
by people. Birds in this area responded significantly
differently than birds outside this area. By measuring
flight initiation distance, we have identified a ‘‘behav-
ioral footprint’’ of anthropogenic effects. Our finding
of an effect on such a small spatial scale has not pre-
viously been well documented (but see Ikuta and
Blumstein 2003). We expect such effects to be com-
mon in areas with spatially concentrated disturbances
such as campgrounds within parks or isolated rest
stops near highways. We suggest that to better under-
stand the effects of anthropogenic impacts on birds,
more effort should go into identifying and understand-
ing the behavioral footprint of human impacts.

We thank the Lida Scott Brown Ornithology Trust
and the UCLA Division of Life Sciences for support,
and the City of Santa Monica for permission to con-
duct research on the beach. Research protocols were
approved by the UCLA Animal Research Committee
(2000-147-01).
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