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DISCRETE VARIANTS OF EVENING GROSBEAK FLIGHT CALLS
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Abstract. We describe four discrete variants of the
frequency-modulated flight calls of Evening Grosbeaks
(Coccothraustes vespertinus) in the United States and
southwestern Canada. Each call type is aurally and
spectrographically distinct, and individual birds appear
to produce only one call type. The observed geograph-
ic distributions of these call types are roughly concor-
dant with described subspecies ranges. The long-term
geographic distribution patterns of these vocal forms,
and of genetic, morphological, and plumage correlates
of vocalizations, warrant further study.
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Variantes Discretas de las Llamadas de Vuelo
de Coccothraustes vespertinus

Resumen. Describimos cuatro variantes discretas
de las llamadas de vuelo de frecuencia modulada de
Coccothraustes vespertinus en los Estados Unidos y el
sudoeste de Canadá. Cada tipo de llamada es auditiva
y espectrográficamente distintivo, y un individuo dado
parece emitir sólo uno de ellos. La distribución geo-
gráfica observada de estos tipos de llamadas concuerda
de manera general con las distribuciones de las subes-
pecies. Es necesario hacer más estudios sobre los pa-
trones de distribución geográfica a largo plazo de estas
formas vocales, y sobre qué caracteres genéticos, mor-
fológicos y de plumaje se correlacionan con las vo-
calizaciones.

In general, birds have repertoires of vocalizations dis-
tinct from songs, known as calls. Calls can be diverse,
and are often context specific. In cardueline finches
one type of call, the flight call, is particularly conspic-
uous. Flight calls tend to be relatively loud, frequency
modulated vocalizations consisting of one to a few syl-
lables. In addition to being given in flight, they also
accompany preflight displays and seem to initiate and
synchronize the movement of flocks and pairs (Marler,
in press). There is evidence that flight calls play a role
in individual and group recognition in cardueline
finches (American Goldfinch [Carduelis tristis], Mun-
dinger 1970; Twite [Acanthis flavirostris], Marler and
Mundinger 1975; Pine and European Siskins [Cardue-
lis pinus and C. spinus], Mundinger 1979; Pine Gros-
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beak [Pinicola enucleator], Adkisson 1981; Red
Crossbill [Loxia curvirostra], Groth 1993b). Flight
calls may even play a role in delineating populations
or taxa (Mundinger 1979, Adkisson 1981, Groth 1988,
1993a), but identifying vocally distinct taxa depends
on first categorizing natural variation in flight calls.

As part of long-term field studies of cardueline
finches in the western United States, we noted aurally
distinct variants of Evening Grosbeak (Coccothraustes
vespertinus) flight calls. In this paper we describe these
different flight calls based on tape recordings made
throughout the species’ geographic range. We also re-
port our assessments of the distributions and co-oc-
currence of these call types.

METHODS

We initially noticed discrete variants of Evening Gros-
beak calls by ear during fieldwork throughout the Pa-
cific Northwest, the Sierra Nevada, and the Rocky
Mountains. We then began analyzing recordings of
wild Evening Grosbeaks spectrographically to describe
and assess this variation. We recorded calls in Wash-
ington, Idaho, California, Colorado, Wyoming, and
British Columbia, Canada; used Borror Laboratory of
Bioacoustics (Columbus, Ohio) recordings from Mon-
tana, Ohio, Pennsylvania, Michigan, New Hampshire,
and Vermont; and analyzed a recording from Arizona
supplied by R. Hoyer. Our recordings were made from
April 1989 through September 2002. The archived re-
cordings were made as early as May 1956. Most re-
cordings were made during the spring and summer. For
the majority of our own recordings we used a Sony
TCM 5000 EV cassette tape recorder with a Sennhei-
ser ME 66 short shotgun microphone. We made some
recordings (Devil’s Table, Washington) with a Sony
WM-D6C cassette recorder and a Sennheiser ME 62
omnidirectional microphone mounted in a Sony PBR-
330 parabolic reflector.

ANALYSES

We digitized calls at 22 050 kHz, and prepared
sound spectrograms using Avisoft (time resolution
5.8 msec, frequency resolution 56 Hz; Avisoft
2002). We initially examined spectrograms visually
for qualitative differences among vocal types orig-
inally identified and categorized by ear in the field.
We then confirmed our acoustic and spectrographic
categorization by presenting five researchers famil-
iar with examining spectrograms, but not familiar
with Evening Grosbeak calls or our finding of dis-
crete call types, 24 spectrograms (single calls from
six different individuals of each of four putative call
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types; Fig. 1) on individual cards. We asked the re-
searchers (S. Nowicki, J. Wingfield, E. Ketterson, V.
Nolan, and D. Nelson) to organize the calls into as
many discrete groups as they felt were represented
in the sample (Nowicki and Nelson 1990).

RESULTS
DESCRIPTIONS OF FLIGHT CALLS

We recognize four discrete forms of Evening Grosbeak
flight calls, and possibly a fifth form. Type 1 calls are
robust-sounding pure tones that begin at relatively high
frequency, rise slightly, and then descend rapidly with
a frequency plateau about midway through the fre-
quency drop; a rich, descending ‘‘chee-eer’’ to the hu-
man ear (Fig. 1). Type 2 calls begin with a pronounced
rise, fade noticeably in amplitude around the peak fre-
quency, and then gradually and steadily drop in fre-
quency; a rising and falling ‘‘tee-oo.’’ These calls have
a much thinner quality and tend to sound higher
pitched to humans than type 1 calls. Type 3 calls begin
with a harsh-sounding trilled burst and then descend
only slightly; a relatively monotonic ‘‘prreee.’’ These
calls also exhibit fairly broad bandwidth, which may
contribute to their harsh-sounding quality. Type 4 calls
begin with a rapid frequency drop before rising abrupt-
ly to a pronounced frequency peak and dropping again
more slowly; a ‘‘p-teer’’ sound. Calls from the single
Arizona bird in our sample are putatively a fifth type.
They begin with a brief dropping component followed
by a loud frequency peak and a gradual decline in
frequency; a ringing ‘‘chee.’’ These calls resemble type
3 calls in having a relatively broad bandwidth and
harsh quality.

The grouping of 24 spectrograms of the first four
types of calls by researchers with no preconceptions
about possible groupings supported our initial catego-
rization of these call types. Four of the five researchers
formed four identical, discrete groups of calls, which
corresponded exactly to our aural and visual groupings
of types 1 through 4 (Fig. 1). All four of these re-
searchers noted that types 2 and 4 appeared most sim-
ilar to one another and that type 3 appeared most dif-
ferent and perhaps was an outgroup. The last research-
er formed three groups of calls, combining types 2 and
4 into one group. Overall, the 5 experts sorted 90% of
the calls in the same way (100% consistency for
grouping of types 1 and 3, 80% consistency for group-
ing types 2 and 4).

GEOGRAPHIC DISTRIBUTION OF FLIGHT
CALL TYPES

Type 1 appears to be the most widely distributed call
type in the West (Fig. 2). We have tape recordings of
type 1 calls from south-central British Columbia, Ca-
nada, the eastern Cascades of Washington, northern
Idaho, the east-central Sierra Nevada of California, the
southern Rocky Mountains of Colorado, and the
Rocky Mountains of Montana and Wyoming. We have
also identified by ear, but lack tape recordings of, type
1 calls in the Puget Sound Basin of Washington, on
the Olympic Peninsula, in the Blue Mountains of
southeastern Washington, in the Wallowa Mountains
of northeastern Oregon, in the extreme northern Sierra
Nevada, in the Warner Mountains of northeastern Cal-
ifornia, and in the south-central Sierra Nevada. In over

14 years of fieldwork in Washington, we have only
heard a single individual producing something other
than type 1 calls (type 2 calls, Fig. 2). Call type 1 was
much more prevalent in the northern part of our sam-
pling area; our southernmost records either represented
calls of single birds (Colorado) or of numerous birds
but only in some years or outside the breeding season
(Sierra Nevada). Type 1 calls were consistent in form
over a wide range of localities and across more than
30 years (1967–2002, Fig. 1).

Type 2 was the most prevalent and consistent call
type recorded in the Sierra Nevada. We have tape re-
cordings of type 2 calls in the east-central Sierra Ne-
vada and north of Mount Lassen (Fig. 1, 2). We also
have identified them by ear, but lack tape recordings,
in the south-central Sierra Nevada, west of the central
Sierra crest, and (a single individual) west of Mount
Adams in the southern Washington Cascades.

We have recordings of type 3 calls from Ohio,
Michigan, Pennsylvania, New Hampshire, and Ver-
mont (Fig. 1, 2), but lack personal field experience
with this call type. We have never detected this call
type in any of the regions of the West where we have
extensive field experience. Although none of the type
3 recordings are recent, we have no reason to doubt
that this call type is still extant.

Type 4 calls were prevalent in the Wet Mountains
of Colorado in May and June of 1999 (Fig. 2). A spec-
trogram of an Evening Grosbeak call recorded in the
Colorado Front Range (Boulder) in the early 1980s
was clearly this form (figure 2 in Bekoff and Scott
1989). We have also observed numerous individuals
giving type 4 calls in Jackson Hole, Wyoming.

We have insufficient records of the putative type 5
to comment on geographic occurrence of this call type.
The only bird producing this call was recorded in the
Huachuca Mountains of southern Arizona.

COEXISTENCE OF DIFFERENT VOCAL TYPES

In 1998, call types 1 and 2 were both prevalent in the
central and northern Sierra Nevada (near Truckee and
near Old Station, Fig. 2). In all other years that we
monitored Evening Grosbeaks near Truckee (1997–
2002), we seldom or never detected type 1 calls during
spring and summer, when we commonly detected type
2 calls. During our visit to the Wet Mountains of Col-
orado in May and June of 1999, we observed only a
single male producing type 1 calls (Fig. 1) among hun-
dreds of breeding birds producing type 4 calls (birds
courting and building nests).

We frequently noted type 1 calls around Jackson
Hole, Wyoming, during late June 2000, when we also
heard a single individual producing type 4 calls. Both
of these call types were common there in August and
September of 2001 and 2002.

DISCUSSION
Our data show that there are discrete variants of Even-
ing Grosbeak flight calls, similar to Red Crossbills
(Groth 1988, 1993a) and Pine Grosbeaks (Adkisson
1981). Also like Red Crossbills and Pine Grosbeaks,
these call types are readily distinguishable by ear in
the field. In fact, they are sufficiently distinct that we
first noticed the differences by ear and only subse-
quently prepared spectrograms for visual comparisons.
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FIGURE 1. Spectrograms of Evening Grosbeak call types 1–5, recorded from different individuals throughout
the geographic range. Recording date and state or province are indicated for each exemplar. The type 1–4
exemplars are those presented to researchers for categorization; 2 additional type 4 exemplars (not shown) were
also presented to the researchers. Information on additional field observations and sources of recordings is
available through the authors.
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FIGURE 2. The geographic range of Evening Grosbeak subspecies (adapted from Grinnell 1917, AOU 1957,
Sibley 2000), and locations of recordings and observations of wild Evening Grosbeaks producing each of five
call types. Question marks indicate uncertain range boundaries. Filled black circles indicate observations or
recordings of type 1 calls. Unfilled squares: type 2 calls. Filled black squares: type 3 calls. Unfilled circles: type
4 calls. Filled black triangle: single type 5 recording.

The emerging spatial and temporal patterns of distri-
bution of these call types require further geographic
sampling and investigation, to determine the degree to
which distributions of the different forms shift over
time and quantify the frequency and extent of sym-
patry among forms. It will be particularly important to
determine conclusively whether individual birds are
monolingual, or produce two or more forms of the
flight call, and then to relate vocal variation to genetic,
morphological, and plumage variation.

Although we have not yet determined definitively
that individual birds produce only a single form of the
flight call, this does appear to be the case. We have
never observed individuals switching between call
types. Further, a single female held for two months in
captivity never produced anything but type 4 calls. Our
observation that multiple call types are only heard si-
multaneously in some areas of the range and only in
some years, also suggests that individual birds produce
the same call type consistently. If birds were switching
call types we would expect more frequent co-occur-
rences, and we would not expect certain types to be
entirely absent from large portions of the species’

range (e.g., type 3 calls never detected anywhere in the
West). If individual Evening Grosbeaks produce only
a single call type, our descriptions of geographic dis-
tributions of call types may correspond to the geo-
graphic distributions of distinct populations or taxa.

Nomadic species, such as Red Crossbills and Even-
ing Grosbeaks, pose taxonomic problems because pu-
tative taxa may not always remain geographically iso-
lated, even during breeding. Recent work on a variety
of groups emphasizes the importance of using vocali-
zations to help identify and characterize taxa (Groth
1988, 1993a, Palestrini and Rolando 1996, Whitney et
al. 2000, Zimmer and Whittaker 2000). We find it no-
table that our observations are consistent with the geo-
graphic distributions of five previously described
Evening Grosbeak subspecies. Grinnell (1917) de-
scribed C. v. brooksi in the Pacific Northwest, which
is consistent with the preponderance of our vocal type
1 observations; C. v. californicus in the Sierra Nevada,
consistent with our type 2; C. v. vespertinus in the
East, consistent with our type 3; C. v. warreni in the
central and southern Rocky Mountains, consistent with
our type 4; and C. v. montanus in Mexico, possibly
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consistent with our putative type 5. Currently, only
three Evening Grosbeak subspecies are recognized, C.
v. warreni and C. v. californicus having been sub-
sumed within C. v. brooksi (Pyle 1997, Gillihan and
Byers 2001). If the call types reported here prove to
represent distinct populations or taxa, as in Red Cross-
bills (Groth 1993a), then the systematic status of Even-
ing Grosbeaks will warrant reevaluation.

Rich Hoyer kindly provided recordings of an Even-
ing Grosbeak from the Huachuca Mountains, Arizona.
Archival recordings were provided by the Borror Lab-
oratory of Bioacoustics. Comments on drafts of the
paper were provided by Vladimir Provosudov, Maria
Pererya, Jennifer Gee, Marty Morton, and Peter Mar-
ler. John Wingfield from the University of Washington,
Steve Nowicki from Duke University, Ellen Ketterson
and Val Nolan from Indiana University, and Doug Nel-
son from Ohio State University kindly served as expert
observers for our analysis. We also thank C. and A.
Coombs and R. and J. Hahn for logistical support dur-
ing some fieldwork. We provided a preliminary and
abbreviated version of this analysis to Gillihan and
Byers for the Birds of North America species account
of the Evening Grosbeak. Some support for this work
was provided by NSF Grant IBN-0196093 to TPH.
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LOSS OF HABITAT CONNECTIVITY HINDERS PAIR FORMATION AND JUVENILE
DISPERSAL OF CHUCAO TAPACULOS IN CHILEAN RAINFOREST

MARY F. WILLSON1

5230 Terrace Place, Juneau, AK 99801

Abstract. Loss of connectivity among forest frag-
ments of south-temperate rainforest in Chile reduced
mating success of male Chucao Tapaculos (Scelorchi-
lus rubecula) and the probability of juvenile dispersal.
Of 159 chicks banded in 2000 and 2001, 19 of 91
(21%) in poorly connected fragments stayed in their
natal fragments, overall, compared to only 2 of 68
(3%) in well-connected fragments. The frequency of
unmated males was consistently higher in poorly con-
nected fragments (12 of 65 males, or 18%) compared
to well-connected fragments (1 of 82 males, or 1%).
Chucao populations could be maintained most readily
in this increasingly agricultural matrix by a network of
woodlots with dense understory, connected by wooded
corridors.

Key words: Chile, Chucao Tapaculo, connectivity,
forest fragmentation, Scelorchilus rubecula, south-tem-
perate rainforest.

La Pérdida de Conectividad de Hábitat Impide
la Formación de Parejas y la Dispersión de
Juveniles de Scelorchilus rubecula en la Selva
Lluviosa de Chile

Resumen. La pérdida de conectividad entre frag-
mentos de bosque de la selva lluviosa austral templada
en Chile redujo el éxito de apareamiento de los machos
y la probabilidad de dispersión de los juveniles en el
tapaculo Scelorchilus rubecula. De 159 pichones ani-
llados en 2000 y 2001, 19 de 91 (21%) individuos
presentes en fragmentos poco conectados permanecie-
ron en sus fragmentos natales, comparado con sólo 2
de 68 (3%) individuos que permanecieron en fragmen-
tos bien conectados. La frecuencia de machos sin pa-
reja fue consistentemente mayor en fragmentos poco
conectados (12 de 65 machos, 18%) comparada con
fragmentos bien conectados (1 de 82 machos, 1%). Las
poblaciones de S. rubecula podrı́an ser mantenidas de
modo más eficiente en esta matriz creciente de agri-
cultura mediante una red de bosques con sotobosque
denso, conectados por corredores de bosque.

A major consequence of forest fragmentation is loss
of connectivity among residual forest patches. Al-
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though the value of travel corridors for wildlife pop-
ulations has been debated (Beier and Noss 1998), and
the value of corridors certainly varies among species
(Haas 1995, Hannon and Schmiegelow 2002), connec-
tivity of habitat patches is often thought to be impor-
tant to maintaining well-distributed bird populations
and metapopulation structure (Sieving et al. 2000,
Lens et al. 2002) and therefore is often an essential
component of avian conservation planning. Nowhere
is this truer than in the south-temperate rainforests of
Chile, where deforestation continues to destroy forest-
bird habitat and increase isolation of remnant forest
fragments (Willson and Armesto 1996). Fragment con-
nectivity is especially critical for birds with poor ca-
pacities for dispersal (Lens et al. 2002), either for mor-
phological (e.g., poor flight ability) or behavioral (e.g.,
avoidance of certain vegetation configurations) rea-
sons.

Chucao Tapaculos (Scelorchilus rubecula, family
Rhinocryptidae) are nonmigratory, endemic to the
south-temperate rainforest (Fjeldså and Krabbe 1990),
and dependent on dense understory vegetation (De
Santo et al. 2002). They forage for invertebrates on the
forest floor, use dense thickets to conceal recent fledg-
lings, and usually nest in cavities in the understory but
show unusual variability in nest sites (De Santo et al.
2002). Chucaos have short wings and seldom fly more
than a few meters. They are extremely reluctant to
emerge from dense forest cover into open fields (Siev-
ing et al. 1996) but readily use densely vegetated cor-
ridors or shrubby second-growth to move among rem-
nant forest patches in the increasingly agricultural
landscape (Sieving et al. 2000; T. M. Darnell, unpubl.
data). Chucaos are of conservation concern because of
their endemic status and small geographic range, dra-
matic loss of habitat to deforestation, and apparent de-
pendence on habitat connectivity to move among rem-
nant forest patches.

In the absence of logging and trampling by domestic
animals, chucaos can nest fairly successfully in forest
fragments (De Santo et al. 2002), but the consequences
of fragment isolation are just beginning to be exam-
ined. Here I document the effects of reduced habitat
connectivity on the likelihood of juvenile dispersal
from the natal patches and on the success of territorial
chucao males in obtaining mates.

METHODS
STUDY AREA

This study was done in northeastern Isla Grande de
Chiloé, a continental island close to the mainland, in
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south-central Chile (428S, 748W). The forest is a di-
verse mix of Valdivian and North Patagonian rainfo-
rests, consisting of broadleaf, mostly evergreen trees
and some southern conifers (Armesto and Figueroa
1987, Veblen et al. 1996, Armesto et al. 1997). The
understory consists largely of saplings and a native
bamboo (Chusquea quila) that grows densely, partic-
ularly in treefall gaps, and dies back rather synchro-
nously on an approximately 20-year cycle. Although
this island was once largely covered by forest, the
northern part of the island is now severely deforested,
leaving a network of forest fragments in a matrix of
early second growth and pasture. Most of the forest
remnants are still interconnected via wooded stream
courses and ravines, but some have become totally iso-
lated by pastures or only tenuously connected by tiny,
poorly vegetated stream courses that provide little cov-
er.

All forest fragments (n 5 11) I studied were located
in a roughly 200-km2 section of northeastern Chiloé,
between the settlements of Chacao, Manao, Linao, and
Cruce San Juan (De Santo et al. 2002). The distribu-
tion of study fragments was determined chiefly by ex-
isting patterns of land-clearing, with little difference in
elevation (,100 m) among fragments. At least 1 km
(straight-line distance) separated all study fragments
from each other, except one pair of fragments separat-
ed by about 300 m. These two fragments were well
connected to other fragments but not to each other.

I chose six focal fragments (all separated by about
3 km or more, straight-line distance) to examine ju-
venile dispersal and mating status of males in some
detail. All fragments provided good habitat for chu-
caos, with well-developed understory, numerous logs
and snags, and small streams or low-lying damp spots
often used for foraging. Three sites were well con-
nected to other fragments by broad, wooded ravines
and three were poorly connected by single, narrow,
interrupted strips of vegetation. Previous field experi-
ments in this region showed that tapaculos prefer travel
corridors with dense vegetation for movement at the
local scale (less than about 200 m; Sieving et al. 2000).
Therefore, for purposes of this study, well-connected
fragments are defined as having at least one broad
(.20 m), densely wooded corridor leading from that
fragment to other habitat fragments or as portions of
very large, undisturbed forest stands. In all cases in
this study the connection itself was occupied by terri-
torial pairs, indicating that the habitat was suitable for
the species. Poorly connected fragments had only one
long (.400 m), narrow (,5 m), poorly vegetated cor-
ridor linking them to other habitable fragments; these
skimpy strips of vegetation were frequently interrupted
by open gaps up to 20 m in width. They were unsuit-
able as living habitat (and no chucaos lived there) and
inadequate as travel corridors (Sieving et al. 2000).
Poorly connected fragments tended to occur in inland
areas, simply because ravines there are commonly
shallower than in coastal areas, and farmers more often
cut the timber therein.

To augment the sample for estimating the frequency
of unmated males, several other, ancillary fragments of
differing connectivity were surveyed once during the
nesting season. These ‘‘snapshot’’ surveys were in-

cluded because, if fragment isolation indeed hinders
pair formation, then the probability of finding unmated
males in isolated fragments should be higher, as a rule,
than in well-connected fragments. One additional frag-
ment, containing apparently good habitat for several
pairs of chucaos, was completely isolated from all oth-
er forests by barren pasture .100 m wide and held no
chucaos at all.

FIELD SURVEYS

In the six focal fragments, my field crews and I
mapped territories, searched for nests, banded chicks,
and determined mating status of males in the austral
spring (October 2000 to January 2001, September–De-
cember 2001). Previous work showed that chicks can
be banded at about 14 days of age, when the legs have
hardened sufficiently that the bands do no damage, but
attempts to band chicks after age 16–17 days often
leads to premature fledging. To each banded bird (at
about age 14 days) we applied one numbered alumi-
num band and three plastic color bands in individually
distinctive combinations. In all, we banded 159 chicks
in 2000 and 2001 and resighted 13% in the year fol-
lowing band placement.

To resight banded birds in subsequent years and as-
sess natal dispersal, we visited each focal fragment and
neighboring forest fragments. Without radio-tracking,
it is not feasible to search large areas for banded birds,
so the searches were area-restricted and undoubtedly
missed some birds that successfully dispersed over rel-
atively long distances. Searches for resightings con-
sisted of repeated visits (at least three) to a fragment
using song playbacks to attract birds. Chucaos are usu-
ally very responsive to playbacks (Sieving et al. 1996,
2000) and commonly approach the speaker closely
enough for observers to read their band combinations.
Searchers worked in teams of 3–6, to improve the ef-
ficiency of resighting in dense vegetation. Use of play-
backs is more effective with male than with female
chucaos, so resightings potentially have some bias to-
ward males.

To establish mated status, the sexes were distin-
guished by behavior, because there is little morpholog-
ical difference between male and female chucaos. We
followed males and classified them as mated if we saw
them accompanying a female or fledglings, or carrying
food or nesting material. In contrast, unmated males
were not seen with females, chicks, food, or nest ma-
terial over several hours of observation, and they sang
and patrolled their territories almost constantly.

Mann-Whitney U-tests were used to compare the
frequencies of nondispersing juveniles and unmated
males in isolated and connected fragments. Sex ratios
of nondispersing juveniles were examined with a bi-
nomial test. Statistical significance was accepted at P
, 0.05.

RESULTS

JUVENILE RETENTION IN NATAL FRAGMENTS

The proportion of banded juveniles that remained in
their natal fragments as adults was consistently higher
in the poorly connected fragments than in better-con-
nected fragments (Table 1). In all cases in these two
years, juveniles remaining in their natal patches settled
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TABLE 1. Frequency of juvenile Chucao Tapaculos retained in natal forest fragments differing in degree of
habitat isolation of Chiloé Island, Chile. The numerator is the number of retained juveniles, and the denominator
is the number of chicks banded in each focal fragment. Data from both years are presented, to show that results
were consistent across years. There was no overlap in overall frequencies in the two types of fragments (two-
tailed Mann-Whitney U-test, P 5 0.10). If data for each year are considered to be independent, there is still no
overlap in frequencies, and the increased sample size yields P , 0.01.

Well-connected fragments

Site Year 1 Year 2 Overall (%)

Poorly connected fragments

Site Year 1 Year 2 Overall (%)

C-R
Kes
Zuñ

0/10
1/10
0/3

0/10
1/27
0/8

0/20 (0)
2/37 (5)
0/11 (0)

Hel
Kom
Lin

8/31
4/18
3/13

2/14
2/15

8/31 (26)
6/32 (19)
5/28 (18)

Total 1/23 1/45 2/68 (3) Total 15/62 4/29 19/91 (21)

TABLE 2. Frequency of unmated male Chucao Tapaculos in forest fragments of differing connectivity, Chiloé
Island, Chile. The numerator is the number of unmated males and the denominator is the number of males
surveyed. Data for both years are presented, to show that results were consistent across years. There was no
overlap in the overall frequencies in the two types of fragments (two-tailed Mann-Whitney U-test, P , 0.01).

Well-connected fragments

Site Area (ha)

No. of males
(unmated/total)

Year 1 Year 2
% Unmated

males

Poorly connected fragments

Site Area (ha)

No. of males
(unmated/total)

Year 1 Year 2
% Unmated

males

C-R
Kesa

Zuñ
Koca,b

R-Pa,b

Wolb

8
.22

4
.1000
.100

9

0/4
1/18
0/2

0/7
0/11
0/4
0/14
0/15
0/7

0
3
0
0
0
0

Hel
Kom
Lin
Juvb

Timb

15
9

15
15
12

1/16
2/6
3/7

2/9
1/11
1/7
2/9

6
27
22
14
22

Total 1/82 1 Total 12/65 18

a Only a small fraction of the entire fragment was surveyed.
b Ancillary fragments surveyed once.

on territories different from their natal territory. De-
spite the isolation of poorly connected fragments, two
males banded as juveniles were later resighted, holding
territories, outside their natal fragment (one in a broad
riparian corridor, one in a small, disturbed fragment).
No birds from well-connected fragments were resight-
ed outside their natal fragments during the years of this
study, but three males banded in previous years were
later found in fragments as much as 5 km from their
natal area.

The sex ratio of banded chicks that were resighted
as adults in natal fragments was 8 males:13 females,
not significantly different from 1:1 (binomial test, P 5
0.38). There was no evident relationship between the
number of territorial males in a fragment and the num-
ber of juvenile males that remained or the number of
unmated males and the number of juvenile females that
remained, but the sample sizes for these comparisons
are small.

FREQUENCY OF UNMATED MALES

Males in poorly connected fragments were more likely
to be unmated than males in better-connected frag-
ments, in both focal and ancillary fragments (Table 2).
Some males in poorly connected focal fragments were

never observed with a mate for the duration of two
potential brood-rearing periods (over three months). In
contrast, males in well-connected focal fragments were
seldom unmated for more than two weeks. However,
in one case a male whose mate was killed (on the nest)
by a predator disappeared himself after a few days.
There was no association of unmated status with evi-
dence of logging or livestock activity in the fragments.

Some unmated males eventually acquired mates and
often nested successfully, suggesting that pair forma-
tion was limited by the availability of suitable females.
After a release (by another investigator) of a banded
adult female chucao near one of the poorly connected
focal fragments, this female cruised about the fragment
and eventually nested with a previously unmated male.
Although this female changed mates the following
year, the male on the territory where she first settled
was mated again in the second year. Two other long-
unmated males found mates after several months, and
owners of those territories were paired for the rest of
that breeding season and in the following year.

DISCUSSION
JUVENILE RETENTION
Retention of juveniles was higher in poorly connected
fragments, and isolation of the fragment is the most
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likely explanation for this pattern. An alternative ex-
planation is a density-dependent response, with lower
dispersal at lower densities. However, two observa-
tions suggest that density is not a primary factor de-
termining juvenile retention in natal fragments, at least
for males. (1) Estimated territory density in poorly
connected and well-connected fragments was similar
(median 5 0.8 ha21 in both cases). (2) The pattern of
low retention of juvenile males in well-connected frag-
ments and higher retention in poorly connected frag-
ments was consistent, even though territory density
varied annually (by as much as 50% in a given frag-
ment; Table 2).

FREQUENCY OF UNMATED MALES

The territories of long-unmated chucao males were
similar in size, location, and vegetation structure to
territories occupied by pairs, and habitat quality is very
unlikely to explain the failure of certain males to ob-
tain mates. Over the past 10 years, I have observed
that chucaos in these forest fragments occupy territo-
ries that vary in vegetation structure, ranging from pri-
mary forest devoid of disturbance from logging or
livestock, with extensive dense understory and wet
swales or small drainage systems; to secondary forest
lacking large trees, with disturbance from livestock
and selective logging, less extensive dense understory,
and few damp areas for foraging; to coastal scrub.
Males with mates and successful nests are found on
territories along this entire gradient. The unmated
males reported in this study were, in general, found in
locations not disturbed by logging or livestock, with
plenty of understory, logs and snags, and wet drain-
ages. There was no evidence of poor habitat quality in
places occupied by unmated males.

Forest edge did not explain unmated status of males
either, because most chucao territories (of both mated
and unmated males) in the smaller fragments abut an
edge, and there is no evidence that chucaos avoid for-
est edges in any case (De Santo et al. 2002). Similarly,
it is hard to argue that nest sites per se limit the prob-
ability of females settling on the territories of unmated
males. Chucaos nest in a great variety of widely avail-
able cavities or semi-enclosed niches, but they also
sometimes build domed or even open-cup nests on the
ground or in small trees, sometimes in territories
known to offer cavities and niches used for nesting at
other times. Finally, several chucao territories with
long-unmated males in poorly connected patches even-
tually held paired males and successful nests, suggest-
ing that at least some of these territories were suitable,
and that the principal factor limiting mate-finding was
the availability of females.

Several other studies have reported effects of habitat
connectivity specifically on female birds. Like the chu-
cao, territorial males of the Ochre-flanked Tapaculo
(Eugralla paradoxa) and Des Murs’ Wiretail (Sylvior-
thorhynchus desmursii) often lacked mates in isolated
habitat patches in Chilean rainforest (McPherson 1999;
I. Dı́az, pers. comm.). Natal dispersal of female White-
browed Babblers (Pomatostomus superciliosus) in
Australia was enhanced by patch connectivity (Cale
2002). Experimental translocations of female Brown
Treecreepers (Climacteris picumnus) to forest frag-
ments in eastern Australia suggested that low female

recruitment in fragments and lack of female dispersal
between fragments determined the low mating success
of males in fragments (Cooper and Walters 2002).
Fragmentation impaired dispersal and delayed female
recruitment in the Red-Cockaded Woodpecker (Picoi-
des borealis; Schiegg et al. 2002). Other studies esti-
mated connectivity at the landscape level (Gibbs and
Faaborg 1990, Van Horn et al. 1995, Bayne and Hob-
son 2001) or judged relative isolation on the basis of
location within the geographic range (Dale 2001),
without assessing corridors per se. Pairing success in
such studies commonly decreased with decreasing es-
timates of connectivity, but with some variation among
species.

Other studies have reported that fragment size af-
fects pairing success (e.g., Dale 2001, Zanette 2001),
but habitat quality and male turnover are among the
potentially confounding variables (e.g., Sabine et al.
1996, Burke and Nol 1998, Zanette 2001). Small frag-
ment size was not a significant contributor to the re-
sults reported here, because the smallest focal frag-
ments were better connected than many of the larger
ones and did not differ in frequency of unmated males
(Table 2).

The high frequency of unmated males in poorly con-
nected fragments in Chiloé and the failure of nondis-
persing females to pair with them remain something
of a mystery, in the absence of detailed information
on differential mortality, dispersal distances, or initial
sex ratios. Several possibilities, including the follow-
ing, might be considered. (1) The sex ratio of chucaos
is biased in favor of males. However, rapid mate re-
placement in well-connected patches indicates the ex-
istence of a population of female ‘‘floaters’’ and does
not suggest a severely biased sex ratio of mating-age
individuals there. (2) Dispersal of chucaos is biased in
favor of females. A review of sex biases in avian dis-
persal showed that, for most passerines, natal dispersal
is either female-biased or shows no gender bias
(Clarke et al. 1997). Female-biased dispersal can lead
to high frequencies of unmated males in fragmented
habitats, if females have a limited time to search for
available males but their dispersal movements often
take them to unsuitable habitats, so that many females
fail to find a male in the available time (Dale 2001).
However, female chucaos have up to about eight
months to search for mates (the time from the inde-
pendence of first-brood chicks to the time of clutch
initiation the following season), so it is not clear that
time is the limiting factor in this case. (3) Either the
unpaired males or the nondispersing females are infe-
rior in some way, possibly related to the risk of in-
breeding. High levels of juvenile retention indicate an
increased risk of inbreeding, but the seriousness of that
problem depends on undetermined levels of gene flow
and on environmental conditions (Couvet 2002, Keller
et al. 2002). Some of the males in this study eventually
nested successfully; this delay could have been due to
inferiority of either males or available females, but it
also suggests that the males were acceptable mates. (4)
Dispersal costs (Waser et al. 1994, Weatherhead and
Forbes 1994) from poorly connected fragments are
particularly high, because of predation risks in open
habitats, particularly from avian predators such as
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hawks and caracaras (pers. obs.). Female chucaos
might disperse farther, if not more often, than males
or suffer greater mortality, particularly when emigrat-
ing from poorly connected fragments.

CONSERVATION OF CHUCAOS

Habitat connectivity can prevent at least some of the
negative effects of habitat fragmentation. Conservation
of chucaos in the increasingly fragmented habitats in
Chiloé would benefit from a program that fostered the
maintenance or restoration of wooded corridors con-
necting forest patches. Many Chilote landowners retain
woodlots as winter shelter for livestock, and they often
leave forest vegetation in steep-walled ravines and gul-
lies. Such drainages commonly reach the seacoast,
where steep but densely vegetated seacliffs offer both
habitat and travel corridors among fragments. A good
conservation plan for this region would include a net-
work of woodlots, wooded ravines, and seacliffs, al-
lowing chucaos, other tapaculos, and perhaps small
mammals and amphibians, to move around the land-
scape to occupy available habitats. It is clear that ex-
isting protected areas in Chile are insufficient to pre-
serve native biodiversity (Pauchard and Villarroel
2002), and the increasing press of humankind makes
it necessary to find ways for humans and native wild-
life to coexist on the landscape.

The National Science Foundation-International Pro-
grams and the National Geographic Society provided
funding for most of the banding and some of the re-
sighting program. I thank my many skilled field assis-
tants for their essential contribution to nest searching
and resighting, and the cordial Chilote landowners
who allow us to prowl their woodlots every year. S.
M. Gende and C. Estades provided useful comments
on the manuscript. This paper is a contribution from
Estación Biológica Senda Darwin, Ancud, Chiloé.
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FOOD DELIVERIES AT SWALLOW-TAILED KITE NESTS IN SOUTHERN FLORIDA
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Abstract. We studied the diets of nesting Swallow-
tailed Kites (Elanoides forficatus) at eight nests in
1988–1989 in southern Florida, where the species
reaches its greatest abundance in the United States.
Males fed females during the incubation stage an av-
erage of 2.1 6 0.8 times per day. The adults averaged
10.9 6 4.5 deliveries daily during the nestling stage,
and 10.3 6 12.5 deliveries to young daily following
nest departure. Vertebrates comprised 97% of the bio-
mass for the 1092 identifiable prey items delivered to
nests. Frogs accounted for 56%, birds 30%, and rep-
tiles 11% of all prey. Numerically, frogs made up 83%
of the reptile and amphibian prey. The relative pro-
portions of prey types varied substantially among nests
within years, and significantly more snakes and insects
were delivered in 1989. Total biomass delivered in
1988 did not differ from that in 1989. Bird biomass,
however, was greater in 1988 and insect biomass was
greater in 1989. Anoles and snakes were brought to
nests in larger numbers during the morning and even-
ing hours; and birds were delivered mainly from mid-
morning to midafternoon.
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Entregas de Alimentos en Nidos de Elanoides
forficatus en el Sur de Florida

Resumen. Durante 1988 y 1989 estudiamos la die-
ta de los polluelos de Elanoides forficatus en ocho ni-
dos localizados en el sur de la Florida, donde la es-
pecie alcanza su mayor abundancia de nidificacion
dentro de los Estados Unidos. Durante la incubación,
los machos alimentaron a las hembras un promedio de
2.1 6 0.8 veces por dı́a. Durante la etapa de polluelos,
los adultos hicieron un promedio de 10.9 6 4.5 entre-
gas diarias y un promedio de 10.3 6 12.5 entregas
diarias después de abandonar el nido. Los vertebrados
comprendieron el 97% de la biomasa de las 1092 pre-
sas identificables entregadas en los nidos. Las ranas
constituyeron el 56%, las aves el 30% y los reptiles el
11% del total de las presas. Numéricamente, las ranas
constituyeron el 83% de la herpetofauna depredada.
Las proporciones relativas de los tipos de presa varia-
ron substancialmente entre los nidos a través de los
años, y considerablemente más serpientes e insectos
fueron entregados en 1989. La biomasa total entregada
durante 1988 no difirió de la observada en 1989. Sin
embargo, la biomasa de las aves fue mayor en 1988,
mientras que la de los insectos fue mayor en 1989. Las
lagartijas y serpientes fueron entregadas a los nidos en
mayor cantidad durante las horas de la mañana y de
la tarde, mientras que las aves fueron entregadas prin-
cipalmente desde la mitad de la mañana hasta la mitad
de la tarde.

The northern subspecies of the Swallow-tailed Kite
(Elanoides forficatus forficatus) breeds in the south-
eastern United States and spends the boreal winter in
South America (Cely 1979, Robertson 1988). The
southern subspecies, E. f. yetapa, breeds from southern
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Mexico through south-central South America (Meyer
1995) and is relatively unstudied.

We document the prey brought to nests of Swallow-
tailed Kites to better understand their foraging habitat
needs during the breeding season. Previous accounts
of the diet of the northern subspecies of the Swallow-
tailed Kite are scarce (Sutton 1955, Snyder 1974). We
examined diet as part of a broader study of the breed-
ing ecology of Swallow-tailed Kites in southern Flor-
ida, where the species reaches its greatest abundance
in the United States (Robertson 1988, Meyer and Col-
lopy 1996). In this paper, we present our analyses of
the frequency and biomass of prey deliveries by taxa,
including comparisons among nests and between years
with different environmental conditions. We also ex-
amine diel patterns in deliveries, discuss how delivery
rates relate to brood size and nesting success, and com-
pare our results with the limited feeding data for the
southern subspecies of the Swallow-tailed Kite.

METHODS

We collected our data at nests in the Big Cypress
Swamp, Collier County, Florida, (26889N, 818259W)
over 400 000 ha of cypress, pine, mixed-species
swamp, and hardwood hammock forests; wet prairies;
and freshwater marshes (Duever et al. 1986). Plant
communities vary with slight changes in elevation and
soil, creating an elaborate vegetation mosaic.

We studied kites in Big Cypress National Preserve
and Fakahatchee Strand State Preserve (Ewel 1990,
Snyder et al. 1990); and on county-owned land to the
west that includes Picayune Strand. The county land
was a platted residential subdivision on which a few
structures were built before development was halted in
the 1970s. Canals and raised roadways, however, have
shortened the hydroperiod and caused scattered tree
mortality in the area’s dominant cypress and mixed-
species swamp forests. Fires in this altered landscape
have resulted in dense understory growth and an un-
naturally open tree canopy.

NEST OBSERVATIONS

We collected diet data at four nests in 1988 and four
in 1989. These nests were randomly selected from 42
monitored sites that afforded an acceptable view of the
nest structure and approach paths of the adults. Four
of the nests were in Big Cypress National Preserve,
three in Fakahatchee Strand State Preserve, and one
on the adjacent county land.

The 1989 nests represented different territories from
those studied in 1988, although one nest in 1989 was
in the same nest neighborhood (Meyer 1995) as a 1988
nest. None of the adults were individually marked dur-
ing our observations, and it is possible that one or both
adults were the same between years at the two nests
within the single neighborhood. Five of the eight nests
were in baldcypress (Taxodium distichum) and three
were in slash pines (Pinus elliottii).

Swallow-tailed Kites are monomorphic in plumage
and are not distinguishable by size in the field (Meyer
1995). At six of the eight nests, we sexed the adults
during prey deliveries based on observations made
during courtship and from plumage anomalies of at
least one bird in each pair.

We monitored kites over the same portion of the
nesting cycle at each nest, from mid-incubation until
7–10 days after the young left the nest, a period of
about 60 days. On each visit, we determined whether
an adult was incubating eggs or brooding young and,
beginning 7–10 days after hatching, the number of
young in the nest. Each of the eight nests was observed
for 3–14 hr per day at 2–9 day intervals. The earliest
observations began 15–30 min before sunrise and the
latest ended 30–45 min after sunset. The observer, lo-
cated on the ground 40–120 m from the nest tree, used
123 binoculars or a 203 spotting scope to identify
each prey item to the most specific taxonomic level
possible. For each delivery, we recorded date, time,
and prey category.

To determine proportions of the total prey biomass
represented by the different prey taxa, we first derived
the following coarse mass estimates for each of the
identifiable prey categories: anoles 3 g; snakes 20 g;
treefrogs 6 g; ranid frogs 12 g; large nestlings 20 g;
small nestlings 5 g; large insects (including Polistes
wasp nests) 1 g; and small insects 0.5 g. To determine
each category’s mass, we referred to published data
for the species that were most likely to be taken by
the kites based on their availability in the study area,
prey remains found near nests, and our identification
to species of some prey items delivered to nests. These
included green anole (Anolis carolinensis), brown ano-
le (A. sagrei), rough green snake (Opheodrys aestivus),
Everglades racer (Coluber constrictor), Everglades rat
snake (Elaphe obsoleta), peninsula ribbon snake
(Thamnophis sauritus), green treefrog (Hyla cinerea),
Cuban treefrog (Osteopilus septentrionalis), leopard
frog (Rana utricularia), pig frog (Rana grylio),
Mourning Dove (Zenaida macroura), Blue Jay (Cya-
nocitta cristata), Red-winged Blackbird (Agelaius
phoeniceus), Common Grackle (Quiscalus quiscula),
Blue-gray Gnatcatcher (Polioptila caerulea), and Pine
Warbler (Dendroica pinus). Insect prey represented
Hymenoptera, Orthoptera, Coleoptera, Diptera, Ho-
moptera, Odonata, and Hemiptera. Reptile and frog
masses came from the database of the Florida Museum
of Natural History (2003). We based nestling masses
on Dunning (1984) and development data from Mirar-
chi and Baskett (1994), Tarvin and Woolfenden
(1999), Yasukawa and Searcy (1995), Peer and Bollin-
ger (1997), Rodewald et al. (1999), and Ellison (1992).
We used the low end of the published range to estimate
mass for each prey category to ensure that biomass
comparisons would be conservative.

STATISTICAL ANALYSES

We used independent, one-tailed t-tests to assess ef-
fects of year on diet (in all cases, our hypotheses in-
dicated the direction of the difference) and log-likeli-
hood ratio (G-) tests (Wilks 1935) to compare the pro-
portions of prey among nests within years. For com-
parisons between years, we used hourly delivery rates
to correct for differences in total observation times
among the nests. To analyze diel patterns in deliveries
of anoles, snakes, and birds, we used t-tests to compare
the observed temporal distribution of feedings to a
Poisson (uniform or random) distribution, in which the
sample mean would equal the variance (Sokal and
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FIGURE 1. Prey delivered to eight Swallow-tailed
Kite nests (four per year in 1988 and 1989) in southern
Florida: (a) numbers of insects and wasp nests; (b)
numbers of anoles, snakes, frogs, and birds; and (c)
biomass of insects, reptiles, frogs, and birds. The
dashed vertical lines divide the data by years.

Rohlf 1995). Results are reported as means 6SD. In
all cases, the significance level was P , 0.05.

RESULTS

Swallow-tailed Kites occupied nesting territories and
began courting and building nests in late February and
early March, soon after returning to the study area
from their wintering range (Robertson 1988). Females
did most of the incubation and brooding, and their
mates provisioned them with food. Once the eggs
hatched, males delivered most of the food, passing it
to the attending female for distribution while the nest-
lings were small or dropping it in the nest once the
young were feeding on their own. Two young hatched
and at least one young fledged from each of the eight
nests. Four nests lost one young during the nestling
stage.

Deliveries within a day usually occurred in spurts,
often only minutes apart, followed by absences from
the nest area of an hour or more. During the incubation
and early nestling stages, deliveries were most con-
centrated early and late in the day, but as the feeding
rate increased with the age of the young, such patterns
were not as apparent.

We observed 514 food deliveries in 691 hr of ob-
servation in 1988 (172 6 29 hr per nest, range 148–
198 hr, n 5 4 nests) and 578 deliveries in 520 hr in
1989 (130 6 9 hr per nest, range 121–141 hr, n 5 4
nests). Of the observed deliveries, 5% were by males
feeding their mates during incubation, 79% were by
adults feeding nestlings, and 16% were by adults feed-
ing fledged young. Males fed females during the in-
cubation stage an average of 2.1 6 0.8 times per day
(range 1–6, n 5 27 days), based on observed hourly
feeding rates projected over a 12-hr feeding day (we
could not observe females capturing their own prey
away from nests). The adults averaged 10.9 6 4.5 de-
liveries to nests per day (range 6.8–21.3, n 5 71 days)
during the nestling stage, and 10.3 6 12.5 deliveries
to young per day (range 1–38, n 5 19 days) following
nest departure. Although the female occasionally con-
sumed some or all of a prey item delivered by her
mate, nearly all of the food delivered after hatching
went to the young.

We identified 92% of the 1092 prey items at least
to class. Insect prey represented at least seven orders
and included wasp larvae carried in intact nests (Fig.
1a). We could not identify the remaining 8% to any
taxonomic level (range 5–18%, n 5 8 nests).

There were no apparent patterns for either year in
the types of prey delivered during specific periods of
the nesting season. The relative proportions of prey
types, however, varied substantially among nests in
both years (both G . 126, P , 0.001; Fig. 1a, b). The
kites delivered significantly more snakes (t6 5 2.0, P
, 0.05) and insects (t6 5 2.1, P , 0.05) per hour in
1989 than they did in 1988.

Birds, reptiles, and frogs comprised 97% of the bio-
mass delivered to the kite nests (Fig. 1c). Frogs ac-
counted for 56%, birds 30%, and reptiles 11% of this
total. Numerically, frogs made up 83% of the reptile
and amphibian prey. To compare biomass between
years per taxon and for all taxa combined, we used
hourly delivery rates to correct for differences in total

observation times among the nests. Total biomass (all
taxa) delivered in 1988 (7.3 6 2.4 g hr21, n 5 4 nests)
did not differ from that in 1989 (6.0 6 3.3 g hr21, n
5 4 nests). Bird biomass, however, was greater in 1988
(t6 5 2.0, P , 0.05), and insect biomass was greater
in 1989 (t6 5 2.4, P , 0.05).

Anoles (t13 5 11.4, P , 0.005; Fig. 2a) and snakes
(t13 5 2.4, P , 0.05; Fig. 2b) were brought to nests in
larger numbers during the morning and evening,
whereas birds were delivered mainly from midmorning
to midafternoon (t21 5 18.3, P , 0.001; Fig. 2c).

DISCUSSION

Previous casual and systematic observations at a small
number of nests have indicated a broad range of prey
for the year-round diet of Swallow-tailed Kites, in-
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FIGURE 2. Daily distributions of prey deliveries to
eight Swallow-tailed Kite nests in southern Florida.
Number of deliveries by hour of (a) anoles, (b) snakes,
and (c) nestling birds.

cluding frogs, nestling birds, snakes, lizards, insects,
and, occasionally, bats, small fish, and fruit (Sutton
1955, Skutch 1965, Snyder 1974, Buskirk and Lechner
1978, Lemke 1979, Gerhardt et al. 2004). Kites deliver
mainly vertebrates to their nestlings, but insects are the
mainstay of adults throughout the year, even while
nesting (Snyder and Wiley 1976, Millsap 1987, Meyer
1998). The stomach contents of eight Swallow-tailed
Kites collected in Florida in mid-July, just prior to mi-
gration, consisted almost entirely of insects (99%),
90% of which were 20–30 mm long (Lee and Clark
1993). These included flightless species or life stages
that were taken from vegetation. One of the eight kites
had a stomach full of fire ants (Solenopsis invicta), all
of which were winged queens. A specimen collected
in Surinam contained seven water beetles (Hydrophil-
idae) and nine adult wasps (Polybia liliacea) known
to have a particularly painful sting (Voous 1969).

Our results reveal how different pairs nesting si-
multaneously in a relatively small area had diets of
very diverse composition. Prey variety was greatest for

insects, spanning at least seven orders and a size range
from small ants (Hymenoptera) to dragonflies (Odo-
nata). The paper nests of Polistes wasps were delivered
intact and were then emptied one cell at a time as the
young consumed the individual larvae. Occasionally,
an adult worked the empty wasp nest into the stick
structure of its own nest.

Frogs, birds, and reptiles comprised the largest com-
ponent of the prey captured by nesting kites (97% of
the biomass). The arboreal behavior of treefrogs makes
them likely prey for Swallow-tailed Kites, but leopard
and pig frogs (Ranidae) inhabit ponds, canals, and
grassy shorelines in the study area.

Both diet and environmental conditions varied be-
tween years. In 1988, the study area experienced nor-
mal rainfall and surface water conditions in the spring
and early summer, but 1989 was unusually dry
throughout the nesting season. This may have resulted
in the smaller biomass of nestling prey and the larger
number of insects and snakes delivered in 1989. We
did not measure prey densities in either year, so we do
not know that birds were less abundant or insects and
snakes more abundant in 1989. From the delivery data,
however, we infer that birds were less available in
1989. Even though prey availability may have varied
between years, total biomass of delivered prey did not,
indicating that the kites successfully compensated for
any scarcity in 1989. Some of the differences in prey
composition also might be explained by differences in
foraging preferences of the birds observed each year.

There was no significant difference in the delivery
rates of vertebrates between the four nests that even-
tually lost young and the four at which both young
survived to departure. This suggests that food avail-
ability and feeding rates were not factors in the loss
of young.

There was a positive correlation between brood size,
adjusted for the loss of young, and feeding rates at nine
nests of Swallow-tailed Kites (rs 5 0.69, Meyer and
Collopy 1995). This sample consisted of the eight
nests in the present analysis plus an additional nest that
began with a brood of three. The adults apparently
were adjusting their feeding rates to the needs of their
young, which suggests that sufficient food was avail-
able and that most adults were capable of acquiring
enough to support an average-sized brood.

We occasionally saw several of the same type of
prey delivered in quick succession 1–15 min apart, in-
cluding nestlings of apparently the same species and
age that may have come from the same nest. In those
cases, the kites probably were returning to a single
source until it was depleted. Others have reported de-
liveries of the entire nest structure and its contents
(Skutch 1965, Robertson 1988). When kites delivered
prey in runs, they may have been focusing temporarily
on hunting that particular type of prey, especially if it
was more accessible at that time. As the diel patterns
indicate, some taxa were more likely to be captured
over certain broad portions of the day. Many of the
runs we observed were of shorter duration, however,
suggesting that the kites were directing their searching
effort toward a specific type of prey for that period.

The distinctive diel patterns of prey deliveries, in
which anoles and snakes were delivered early and late
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in the day and nestling birds during the middle of the
day, can be interpreted in at least two ways. The hunt-
ing kites may have preferred to deliver specific prey
at certain times of the day. At one nest (Kilham 1980)
where courting males frequently offered anoles to their
mates, the observer inferred that anoles were sought
for this purpose. In our study, snakes were carried by
presumed males in this context. These birds, both
breeders and nonbreeders (Meyer 1995), often left and
returned to the nest site over the course of an hour or
more, still carrying the uneaten snake. In these cases,
the prey may have been a courtship offering.

We believe, however, that Swallow-tailed Kites
probably captured anoles and snakes early and late in
the day because these species were more available at
these times, when lower air temperatures required
them to seek sunlight on the outer canopy of trees and
shrubs (Campbell 1971, Clark and Kroll 1974). Nest-
ling birds, on the other hand, were delivered through
the middle of the day, complementing the timing of
anole and snake deliveries. Being immobile, the nest-
lings’ availability must have been relatively constant
over the day.

The prey and behavioral observations we report for
Florida may not be representative of other regions. In
Guatemala, adults delivered more insects and few
frogs, and did not adjust delivery rates to the size of
the brood (Gerhardt et al. 1991, 2004). The length of
the nestling stage, which may be related to feeding
ecology, was 52 6 5 days in Guatemala (Gerhardt et
al. 1997) but only 38–41 days in Florida.

Opportunity and an ability to maintain an array of
search images (Tinbergen 1960) appear to be important
elements in the foraging strategies of Swallow-tailed
Kites. They are adept at detecting a wide variety of
small, inconspicuous prey that are relatively easy to
capture once discovered. Although we did not study
foraging behavior systematically, it was easily ob-
served as we searched for other nests in the area. Swal-
low-tailed Kites are continuously in motion as they
hunt, whether skimming the surface of the vegetation
or soaring far above the ground. They are unusually
skillful at flying slowly and can remain just above the
canopy for extended periods, even in strong winds, and
then rapidly change direction to capture prey. The
Swallow-tailed Kite’s high aspect-ratio wing and long,
forked tail contribute to its uncommon aerial efficiency
and dexterity. This flying skill, in turn, facilitates the
species’ opportunistic foraging behavior, of which its
eclectic diet is the best evidence.
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FOOD DELIVERED TO NESTS OF SWALLOW-TAILED KITES
IN TIKAL NATIONAL PARK, GUATEMALA
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Abstract. In 1990 and 1991, we studied Swallow-
tailed Kite (Elanoides forficatus yetapa) diets by re-
cording food delivered to nests in northern Guatemala.
Kites delivered primarily vertebrates to incubating
mates. During the nestling period, 62% of 1496 prey
deliveries were insects, 18% nestling birds, and 10%
lizards; frogs and fruit were brought infrequently. Co-
leopterans and hymenopterans were the most frequent
insects delivered. Birds comprised most of the bio-
mass. Lizard deliveries were most frequent early in the
nesting season, whereas insect prey were infrequent
until after the first rains, in late May. Compared to E.
f. forficatus in Florida, E. f. yetapa provided more in-
sects and fewer frogs, and did not adjust feeding rates
based on brood size. Swallow-tailed Kites delivered
more vertebrates, particularly birds, than sympatric
Plumbeous Kites (Ictinia plumbea), and used different
foraging space and hunting techniques than sympatric
Double-toothed Kites (Harpagus bidentata) and Gray-
headed Kites (Leptodon cayanensis).

Key words: Elanoides forficatus, food habits, Gua-
temala, nestling diet, Swallow-tailed Kite, Tikal Na-
tional Park.

Alimento Llevado a los Nidos de Elanoides
forficatus en El Parque Nacional
Tikal, Guatemala

Resumen. En 1990 y 1991, estudiamos las dietas
del milano Elanoides forficatus yetapa en el norte de
Guatemala, registrando el tipo de alimento que fue lle-
vado a los nidos. Los milanos llevaron principalmente
vertebrados al miembro de la pareja que incubaba. Du-
rante el perı́odo de crecimiento de los polluelos, 62%
de las 1496 presas llevadas fueron insectos, 18% po-
lluelos de otras especies de aves y 10% lagartijas; en
raras ocasiones llevaron frutas y ranas. Los coleópteros
e himenópteros fueron los insectos más comúnmente
utilizados. Las aves formaron la mayor parte de la bio-
masa. Los milanos llevaron largatijas más frecuente-
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mente al principio de la nidificación, mientras que los
insectos no fueron frecuentes sino hasta después del
inicio de las primeras lluvias en mayo. En compara-
ción con E. f. forficatus en Florida, E. f. yetapa llevó
más insectos y menos ranas, y no ajustó la tasa de
alimentación con relación al tamaño de la nidada. E.
forficatus llevó más vertebrados, especialmente aves,
que la especie simpátrica Ictinia plumbea, y utilizó di-
ferentes espacios de forrajeo y técnicos de cacerı́a que
las especies simpátricos Harpagus bidentata y Lepto-
don cayanensis.

Two subspecies of Swallow-tailed Kites (Elanoides
forficatus) are recognized. The northern, E. f. forfica-
tus, which breeds in the southeastern United States and
winters in South America, has received a good deal of
research attention (e.g., Snyder 1974, Cely and Sorrow
1990, Meyer and Collopy 1995). By contrast, little is
known of the southern subspecies, E. f. yetapa, which
breeds from southern Mexico through south-central
South America (Meyer 1995).

The North American subspecies underwent a sharp
decline in numbers and a significant decrease in its
breeding distribution between 1880 and 1940 (Cely
1979); the remaining populations face a variety of
threats on the breeding grounds and during migration
and wintering (Meyer 1995). Several studies have ex-
amined the breeding-season feeding habits of this sub-
species (Sutton 1955, Snyder 1974, Meyer and Co-
llopy 1995, Meyer et al. 2004). For the Mesoamerican
subspecies, knowledge of feeding habits comes only
from anecdotes (Haverschmidt 1962, Skutch 1965,
Voous 1969, Buskirk and Lechner 1978, Lemke 1979).
The extent to which this subspecies differs from the
northern one in its status, ecology, and conservation
needs remains unstudied (Meyer 1995).

We examined the breeding ecology of Swallow-
tailed Kites in northern Guatemala, near the northern
edge of the subspecies’ range (Gerhardt et al. 1997).
Herein, we report our findings with regard to food de-
livered to nests, and compare their diet with those of
the northern subspecies and with those of three sym-
patric kite species.

METHODS

This research was conducted in Tikal National Park in
the Department of El Petén in northern Guatemala
(178139N, 898389W). The forest is tropical semideci-
duous (Pennington and Sarukhan 1968). The area has
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an average annual rainfall of approximately 1.4 m
(Smithe 1966) and experiences distinct wet and dry
seasons, the latter occurring from February to June.
Vegetation was described by Schulze and Whitacre
(1999). The main Maya ruins around which the park
was established are on a limestone hill that is the high-
est point (250 m elevation) for a considerable distance.
Our observations were conducted on this hill, which
supported a dense concentration of Swallow-tailed
Kite nests (12 in approximately 1 km2). Although some
areas were seasonally inundated, very little permanent
water existed in the vicinity of these nests.

DATA COLLECTION

In 1990 and 1991, we used Maya ruins as observation
points from which to locate and observe nests. Be-
cause these birds were both vocal and conspicuous,
courtship and nest construction were easily observed.
Swallow-tailed Kites consistently remained above the
canopy and placed nests in the tops of the tallest trees
(Gerhardt et al. 1997). We observed nests using bin-
oculars and 303 spotting scopes from distances rang-
ing from 30 to 60 m. We observed each focal nest
approximately every third day from the time located
until fledging or failure. Observations began 30 min
before dawn and ended 30 min after sunset; because
these times varied only slightly through the season, a
day’s observation averaged 13 hr. We verified clutch
sizes, brood sizes, and hatching dates by climbing to
nests (Gerhardt et al. 1997).

We recorded the date and time of each food delivery
and identified food items to the lowest possible taxo-
nomic level. We estimated the length of each item at
the time of observation. To estimate biomass, we com-
pared this size estimate with mass data collected from
both living and dead local specimens of the appropri-
ate taxon. Because the sexes were not dimorphic, we
were unable to reliably sex the individuals delivering
food.

We conducted observations at nine nests, four in
1990 and five in 1991. We present data for eight nests
for the incubation period, representing 58 days or ap-
proximately 754 hr of observation. Four of the nine
nests failed soon after hatching, and were excluded
from posthatching analyses of diet because of small
sample sizes. Data reported herein for food delivered
to nestlings are from three nests in 1990 and two nests
in 1991, each of which resulted in the fledging of a
single young. These results represent 88 days, and ap-
proximately 1144 hr, of observation. Unidentified food
items, which comprised only 7% of all observations,
were excluded from all analyses except those dealing
with delivery rates. Such unidentified food items were
generally small, and ingested in a single bite; most
were likely insects, though fruit and small lizards
could not be ruled out.

STATISTICAL ANALYSES

We used log-likelihood ratio (G) tests (Wilks 1935) to
analyze year effects, nest effects, and to compare
among sample sets (i.e., results of similar studies of
other kite species at Tikal and of E. f. forficatus). We
used Kolmogorov-Smirnov goodness-of-fit tests (Zar
1984) to determine whether diel patterns differed from

uniformity. Results are reported throughout as means
6 SD, and the significance level used is a , 0.05.

RESULTS

Swallow-tailed Kites arrived during the first week of
February. As elsewhere, several pairs at our Tikal
study site nested in loose association, defending only
a very small area immediately around the nest from
conspecifics. We did not observe nonbreeding kites as-
sociated with nests, as was frequently seen in Florida
(Meyer and Collopy 1995). Although a single brood
was the norm, we observed renesting after the failure
of first nesting attempts. Indeed, one of the focal nests
of this food-habits study was a renesting that took
place following loss of a first brood, albeit a very
young brood.

Foraging adults delivered food to incubating mates
at a rate of 1.0 6 1.3 items per day (range 0–5). Both
adults incubated and foraged during this period, but
one individual (presumably the female) performed the
majority of incubation at each nest. Forty-seven iden-
tifiable food items were delivered during observations
at this stage of nesting. Most of these were vertebrates,
including 22 lizards, 1 snake, and 15 nestling birds.
Only five insects were identified, with four deliveries
of fruit documented. There was a significant difference
(G 5 54.1, P , 0.001) between incubation and nes-
tling periods in proportions of the different classes of
food (insect, amphibian, reptile, bird, fruit) delivered
to nests.

At each of the five nests studied during the nestling
stage, clutch size was two and both eggs hatched.
Hatching interval ranged from 3–5 days, and siblicide
occurred early (by five days after hatching of the sec-
ond egg; Gerhardt et al. 1997). We did not see second
chicks receive any food; thus, our observations for the
nestling period reflect the delivery of food to single
nestlings. Food was delivered to nestlings at a rate of
15.9 6 10.8 items per day (range 1–45, n 5 91 days).
Rates (deliveries per day) peaked between 38 and 44
days after hatching, decreasing thereafter until fledging
at 51–58 days posthatching.

Food delivered to young (n 5 1496 items at five
nests) consisted primarily of insects, nestling birds, and
lizards. Four unidentified fruits were delivered. By fre-
quency, insects comprised 62% of the nestling diet,
with birds and herpetofauna contributing 18% and
10% of observed prey, respectively (Fig. 1a). Insects
were the most frequent food item at all but one nest,
and the composition of food items was relatively con-
stant among the five nests (Fig. 1a). As far as we could
ascertain, all birds delivered to kite nests were altricial
young taken from their nests and incapable of flight.
Four hylid frogs constituted the only amphibians, and
lizards all the reptiles, delivered to nestlings.

Although insects were the most numerous prey, bio-
mass estimates suggested that vertebrates, particularly
nestling birds, composed a larger portion of the diet of
nestling Swallow-tailed Kites (Fig. 1b). Indeed, at all
five nests avian biomass represented more of the diet
than all other food combined.

The insect component of the nestling diet comprised
six orders (Fig. 1c). Nests differed greatly from one
another in frequency of delivery of these orders (G 5
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FIGURE 1. Composition of the diet of Swallow-
tailed Kite nestlings at five nests in Tikal National
Park, Guatemala, 1990–1991. Diet as (a) frequency of
total prey by class, (b) biomass of total prey by class,
and (c) frequency of insect prey by order. ‘‘Herps’’
consisted mostly of lizards but included four frogs.

FIGURE 2. Diel patterns of prey delivered to Swal-
low-tailed Kite nestlings at five nests in Tikal National
Park, Guatemala, 1990–1991. Frequency of deliveries
by time of day of (a) lizards, (b) insects, and (c) nes-
tling birds.

491.0, P , 0.001). Beetles, most of which appeared to
be scarabs, ranked either first or second in frequency
among insect orders at all five nests. Bees and wasps
were easily the most numerous insect order at one nest,
and were second to beetles at another nest. Bee and
wasp nests were delivered frequently, providing nu-
merous larvae in a single delivery. Orthopterans (i.e.,
katydids and grasshoppers) were only a small part of
the diet at most nests, but were easily the most nu-
merous insects delivered to one nest in 1990. This nest
(1990C; Fig. 1) was a renesting initiated much later in
the season than other nests. Butterflies were rarely de-
livered, but the adults at the late nest brought a number
of caterpillars on a single day. Cicadas (Homoptera)
were delivered to all nests infrequently. Dragonflies
(Odonata) were not observed at one nest and were not
numerous at any nest.

Most lizards delivered to nests were identified only
as such. Of those that were identifiable to genus, most
belonged to the genus Norops (Middle American ano-
les). Sceloporis variabilis (rosebelly lizards) were also
taken rather frequently, and a small number of young
Corytophanes (helmeted basilisks) were identified.

There was no year effect upon diel pattern of lizard
deliveries (G 5 13.4, P . 0.2), which differed from
uniformity (1990 and 1991 combined, dmax 5 32.5, P
, 0.001). Two peaks were observed in the daily de-
livery of lizards (Fig. 2a), a large peak between 07:00
and 11:00, and a smaller peak in late afternoon. Daily
delivery of insects differed among years (G 5 30.2, P
, 0.01), but in each year, deliveries did not occur uni-
formly through the day (1990, dmax 5 119.1, P ,
0.001; 1991, dmax 5 110.1, P , 0.001). Insect deliv-
eries peaked later in the morning (between 09:00 and
11:00), and then tapered gradually thereafter (Fig. 2b).
Diel pattern of avian deliveries differed among years
(G 5 22.6, P , 0.05). In 1991, the delivery of nestling
birds remained high throughout the day (dmax 5 13.4,
P . 0.05), although in 1990 more arrived in the morn-
ing (dmax 5 28.5, P , 0.01; Fig. 2c).

Seasonal patterns were observable in the types of
food brought to nests. In 1990, deliveries of insects
were infrequent prior to 20 May, after which we no-
ticed a sharp increase. Delivery of lizards, by contrast,
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was most frequent early in the breeding season, drop-
ping off sharply by early June (both years). Deliveries
of nestling birds exhibited two peaks in 1990; this re-
flected the asynchrony of the kite nests, and is likely
associated more with the behavior of the kites than
with abundance or availability of this prey.

DISCUSSION

DIEL PATTERNS

Diel patterns of prey deliveries likely reflect both the
availability of prey and the hunger of nestling kites.
Overall, more prey were delivered during the morning,
during which chicks were more vocal and persistent in
their begging. During the early afternoon, young kites
were less vocal, apparently having been temporarily
sated. The early-morning and (smaller) late-afternoon
peaks in lizard deliveries probably reflect periods dur-
ing which these prey are more exposed, easily caught,
or both. A similar pattern of lizard deliveries was
found among E. f. forficatus in Florida (Meyer and
Collopy 1995). For Double-toothed Kites (Harpagus
bidentata) at Tikal, however, this diel pattern was re-
versed, with most lizards delivered to nests during the
middle of the day (Schulze et al. 2000). This difference
may be explained by the difference in foraging zone
of the two kites: Swallow-tailed Kites caught lizards
basking on the upper edges of the canopy, and Double-
toothed Kites hunted below and within the canopy. De-
livery rates of insects to Swallow-tailed Kite nests
peaked in late morning, when young kites were still
hungry and flying insects were most active (RPG, pers.
obs.). Availability, to foraging kites, of nestling birds
is expected to vary little throughout the day. In 1991,
nestling prey were delivered equally throughout the
day, although in 1990 greater numbers arrived in the
morning.

INTERSPECIFIC COMPARISONS

A comparison of Swallow-tailed Kite diet and hunting
with that of three sympatric kite species suggests prey-
resource partitioning, a result, at least partially, of dif-
ferences in hunting behavior and foraging habitat. Of
the many species of raptors that breed in Tikal, the
species most ecologically similar to the Swallow-tailed
Kite is the Plumbeous Kite (Ictinia plumbea). Plum-
beous Kites are migratory, are of similar size, nest high
in trees, and raise only a single young (Seavy et al.
1998). Like Swallow-tailed Kites, this species also
hunts above the canopy in groups, and is largely in-
sectivorous, at least outside the breeding season (Seavy
et al. 1997). Plumbeous Kites at Tikal delivered pri-
marily insects (92% of 653 prey items at six nests in
three years); some lizards were eaten, but deliveries of
other vertebrates, including birds, were few (Seavy et
al. 1997). Type of prey delivered to Swallow-tailed
Kite nests (this study) differed greatly from prey de-
livered to Plumbeous Kite nests (Seavy et al. 1997; G
5 250.7, P , 0.001). Seavy et al. (1997) never ob-
served Plumbeous Kites capturing or delivering nes-
tlings as prey. Whereas most observed Plumbeous Kite
hunts were initiated from soaring flight, 31% of cap-
ture attempts were from perches (Seavy et al. 1997).
Although the two kite species delivered the same kinds
of insects to their young, they did so in different pro-

portions. Both kite species delivered numerous cole-
opterans to young; but homopterans were important
and hymenopterans unimportant in the diet of Plum-
beous Kites. Hence, even at the ordinal level, there
appears to be some prey partitioning between these
sympatric species.

At Tikal, the smaller Double-toothed Kite hunted
below and within the forest canopy rather than above
it, generally initiating capture attempts from a perch
(Schulze et al. 2000). Insects comprised 60% of the
diet at nests of this species, with homopterans and or-
thopterans (82% and 9%, respectively, of the insect
component) being the most important insect orders.
The remainder of the diet was almost exclusively liz-
ards (primarily Norops spp.), and these were believed
to be the major prey in terms of biomass (Schulze et
al. 2000). Thus, although both Double-toothed Kites
and Swallow-tailed Kites ate insects and lizards, they
exhibited little overlap in foraging space, hunting tech-
niques, or types of insects eaten. Moreover, nestling
birds, the most important prey by biomass at Swallow-
tailed Kite nests, were not delivered to Double-toothed
Kite nests.

The sympatric Gray-headed Kite (Leptodon caya-
nensis) is also believed to be primarily insectivorous
(Haverschmidt 1962, Brown and Amadon 1989), al-
though this species remains little studied. Breeding-
season observations found that this species hunted
from perches in and below the canopy (Thorstrom
1997), thus using different foraging space and methods
than Swallow-tailed Kites.

INTRASPECIFIC COMPARISONS

These data allow a quantitative comparison of the nes-
tling diets of the northern and southern subspecies of
Swallow-tailed Kites. The E. f. yetapa birds in our
study and E. f. forficatus in Florida were quite different
(G 5 923.7, P , 0.001) in proportions of prey types
in the diet (1092 items at 8 nests; Meyer 1995, Meyer
et al. 2004). Both delivered a similar percentage of
nestling birds to their nests. Lizards represented only
3% of the diet in Florida (as compared to 10% in our
study), and snakes were delivered more frequently
there than were lizards. Florida kites delivered far few-
er insects (27% versus 62% of the nestling diet),
whereas frogs (42% of prey) were the most numerous
prey items. Although wasp nests and many of the same
insect orders were observed in the diets of both sub-
species, dragonflies appeared to be much more impor-
tant to kites in Florida. The relative absence of frogs
and dragonflies in the diet of Swallow-tailed Kites in
Tikal reflects the difference in habitat: kites in the
southeastern United States were associated with wet-
lands and rivers, but those in Tikal nested far from any
significant sources of water.

The most significant difference between E. f. forfi-
catus and E. f. yetapa was in reproductive success: 1.6
young per successful nest in South Carolina (Cely and
Sorrow 1990) and 1.4 in Florida (Meyer and Collopy
1995); 1.0 in Guatemala (Gerhardt et al. 1997). This
difference was underscored, though not explained, by
differences in prey delivery. In Florida, adult Swallow-
tailed Kites adjusted their feeding rates to the demands
of larger broods (Meyer and Collopy 1995). In Gua-
temala, obligate siblicide occurred within the first
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week after hatching of the second chick (Gerhardt et
al. 1997). We did not observe second chicks receiving
any food, nor was there evidence of any change in
provisioning rates based on number of young in the
nest. For Swallow-tailed Kites at Tikal, we believe that
prey delivery was not directly associated with prey
availability. That is, we have no reason to believe that
adults could not procure sufficient food for feeding
more than one nestling, at least during the seasons of
our study. Among birds, there is a well-documented
trend toward smaller clutches and broods in the tropics
(Moreau 1944, Lack 1966, Ricklefs 1969); obligate si-
blicide is the reproductive strategy currently employed
by E. f. yetapa to achieve an apparently optimal brood
size, just as Plumbeous Kites lay only a single egg
(Seavy et al. 1998). Explaining this temperate-tropical
difference in brood sizes remains a fertile field for the-
oretical discussion. The ability to adjust feeding rates
to accommodate larger broods, as occurs in E. f. for-
ficatus, is only one of the adaptations involved in al-
lowing increased reproductive success in more tem-
perate regions.
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EARLY ONSET OF INCUBATION BY WOOD DUCKS
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Abstract. I examined onset of incubation in Wood
Ducks (Aix sponsa) and evaluated the hypotheses that
early onset improves hatchability, reduces brood par-
asitism, and shortens incubation periods. Most (21 of
22) females began incubating at night, a median of 4
days before egg laying ended. Nocturnal incubation
bouts began 18 min before sunset, ended 15 min be-
fore sunrise, lasted 732 min each night, and totaled
47.2 hr before egg-laying ended (means). Nocturnal
incubation did not begin earlier in the egg-laying pe-
riod as the breeding season progressed, as would be
expected if it improved hatchability of first-laid eggs.
Early onset of incubation did not reduce brood para-
sitism. Females ended nocturnal incubation 35 min be-
fore egg laying began, the number of nights of incu-
bation was not related to the number of parasitic eggs
laid, and most (83%) nests were parasitized. In support
of the third hypothesis, egg-laying females spending
more nights incubating had somewhat shorter incuba-
tion periods.

Key words: Aix sponsa, Anatidae, brood parasit-
ism, egg laying, egg viability, incubation period, Wood
Duck.

Inicio Temprano del Perı́odo de Incubación por
Parte de Aix sponsa

Resumen. Examiné el inicio del perı́odo de incu-
bación en patos de la especie Aix sponsa y evalué las
hipótesis de que el comienzo temprano mejora la pro-
babilidad de eclosión, reduce el parasitismo de la ni-
dada y acorta el perı́odo de incubación. La mayorı́a
(21 de 22) de las hembras comenzaron a incubar du-
rante la noche, 4 dı́as (mediana) antes que la puesta de
huevos terminara. En promedio, la incubación noctur-
na comenzó 18 min antes del anochecer, terminó 15
min antes del amanecer, duró 732 min cada noche y
totalizó 47.2 hr antes que la puesta de huevos termi-
nara. La incubación nocturna no comenzó más tem-
prano durante el perı́odo de puesta de huevos a medida
que la estación reproductiva avanzó, como se esperarı́a
si ésta mejorase la probabilidad de eclosión de los pri-
meros huevos puestos. El inicio temprano de la incu-
bación no redujo el parasitismo de la nidada. Las hem-
bras terminaron la incubación nocturna 35 min antes
que la puesta de huevos comenzara, el número de no-
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ches de incubación no se relacionó con el número de
huevos de aves parásitas puestos y la mayorı́a (83%)
de los nidos fueron parasitados. En apoyo a la tercera
hipótesis, encontramos que las hembras que pusieron
huevos y que pasaron más noches incubando tuvieron
perı́odos de incubación un poco más cortos.

Many species of birds begin incubating eggs before
the clutch is complete, causing eggs to develop asyn-
chronously (Hébert 2002). Asynchronous hatching of
precocial young is not desirable, and precocial embry-
os are able to synchronize hatching because eggs laid
late in the sequence develop faster than eggs laid early
(Vince 1964, Davies and Cooke 1983, Persson and An-
dersson 1999). Possible advantages to early onset of
incubation may include maintaining viability of early-
laid eggs, reducing brood parasitism, and shortening
the incubation period (Stoleson and Beissinger 1995).

Viability of unincubated eggs declines over time,
and birds may incubate during egg laying to help sus-
tain hatchability of eggs. For example, clutch sizes of
prairie-nesting waterfowl average 8–12 eggs, and egg
viability declines after 5–10 days (Arnold et al. 1987,
Arnold 1993). Hatchability in other birds declines after
eggs are unincubated for 3–4 days (Viega 1992, Sto-
leson and Beissinger 1999). These reductions in egg
viability occur more quickly at high ambient temper-
atures (Arnold 1993, Viñuela 2000). Early incubation
of clutches might also protect nests by reducing the
opportunities for brood parasites to lay eggs (Romag-
nano et al. 1990, Clotfelter and Yasukawa 1999). Fi-
nally, early onset of incubation and accelerated devel-
opment of late-laid eggs may shorten the overall in-
cubation period, thereby reducing exposure time of
nests and enhancing nest success (Flint et al. 1994).

I examined onset of incubation in Wood Ducks (Aix
sponsa) and evaluated potential advantages of this be-
havior. Wood Ducks nest in cavities and initiate incu-
bation at night before the clutch is complete (Kenna-
mer et al. 1990, Wilson and Verbeek 1995). Eggs are
laid in early morning, clutch size averages about 12
eggs, and intraspecific brood parasitism is common
(Hepp and Bellrose 1995). I predicted that, if early
onset of incubation enhances hatchability of first-laid
eggs, female Wood Ducks would begin incubation ear-
lier in the egg-laying sequence as the breeding season
progressed and ambient temperatures increased. I also
predicted that, if early incubation of eggs reduces
brood parasitism, incubating females would remain on
nests in the morning during the peak of egg-laying
activity and that number of nights spent on the nest by



SHORT COMMUNICATIONS 183

egg-laying females would be inversely related to the
number of parasitic eggs laid. Finally, after controlling
for clutch size, I examined whether females that spent
more nights incubating during egg laying had shorter
incubation periods.

METHODS
I conducted the study at Eufaula National Wildlife
Refuge (318539N, 858099W), in southwest Georgia and
southeast Alabama. During the breeding seasons of
2001 and 2002, I checked nest boxes on the refuge to
monitor nesting activity. Eggs were counted and num-
bered at each weekly visit. Wood Ducks generally lay
one egg per day (Drobney 1980). Nest initiation date
was estimated by subtracting the number of eggs in
the nest when it was first found from the Julian date
that the nest box was checked. Brood parasitism is
common in Wood Ducks; therefore, if the number of
eggs was greater than the number of days between nest
box checks, I assumed these nests were initiated on the
day immediately following the last nest check. Number
of eggs that had been laid by females when nocturnal
incubation began was estimated as the number of days
between nest initiation and the start of nocturnal in-
cubation. Identification of parasitized nests was based
on at least one of the following criteria (Hepp and
Kennamer 1993): (1) egg deposition rate exceeded one
egg per day, (2) viable nonterm eggs were present at
hatching, and (3) clutch size was .16 eggs. Because
I assumed females lay one egg per day, the number of
days between nest initiation and the start of full in-
cubation (i.e., day and night incubation) should reflect
the number of eggs laid by the incubating female. I
estimated the number of parasitic eggs in each nest,
therefore, as the difference between final clutch size
and the number of eggs laid by the incubating (host)
female. Each nest was visited during the first week of
incubation to determine final clutch size.

TIMING OF EGG LAYING AND INCUBATION

Temperature data-loggers (Stowawayt, Onset Com-
puter Corp., Pocasset, Massachusetts) were installed in
nests during early stages of egg laying using the pro-
tocol of Manlove and Hepp (1998, 2000). I first re-
moved contents of the nest and installed a platform
containing a single wooden egg in the nest box. A
thermistor probe was embedded in each wooden egg,
and wooden eggs were securely fastened to each plat-
form with lag bolts (10 cm) to prevent females from
moving them. The tip of the thermistor was exposed
on top of the egg to ensure contact with the brood
patch of the incubating female, and a cable (61 cm)
connected the thermistor to the data-logger. Wood
chips and eggs were returned to the box after installing
the platform. Wooden eggs were positioned in the cen-
ter of the clutch, and data-loggers were placed beneath
the wood chips.

I programmed data-loggers to record nest tempera-
ture every 6.4 min. Data were downloaded after nest-
ing was complete, and temperature data for each 24-
hr period were plotted. Examining data from graphs
and spreadsheets provided an accurate method of de-
termining when females entered nests to lay eggs and
when they arrived and departed nests during incuba-
tion. I considered a rise or drop in temperature of 2.08C

as movement on or off the nest by the female. Manlove
and Hepp (2000) validated this assumption by record-
ing actual times that females were observed leaving or
returning to nests, and comparing these values to ar-
rival and departure times estimated from data-loggers.
The difference between actual and estimated times that
females departed or returned to nests averaged 2.8 6
0.3 min (n 5 118), and 93% of estimates were within
6 min of the actual time recorded in the field. Using
the criterion of a 2.08C temperature change, therefore,
provided an accurate assessment of when females were
on and off the nest.

I computed average nest temperature during noctur-
nal bouts of incubation and defined the first day of full
incubation as the day when females first spent portions
of both the day and night on the nest. Incubation pe-
riod was the number of days from the first day of full
incubation to the day that ducklings hatched. Data-
loggers revealed the day ducklings exited the nest box,
and hatch date was assumed to be the previous day.

STATISTICAL ANALYSIS

Using a paired t-test, I compared average nest temper-
atures during nocturnal incubation bouts of egg-laying
females with average nest temperatures recorded dur-
ing the first four nights of full incubation. I determined
the average start of daily egg-laying activity for each
nest before females began incubating at night and
compared it to the average time females ended bouts
of nocturnal incubation using a paired t-test. I mea-
sured timing of egg laying before females began in-
cubating at night, so that timing was not influenced by
presence of incubating females. If egg-laying females
incubate to help reduce brood parasitism, then the end
of nocturnal incubation should overlap the start of egg-
laying activity.

Spearman’s rank correlation was used to test the re-
lationship between the number of eggs that had been
laid when nocturnal incubation began and nest initia-
tion date. Spearman’s rank correlation also was used
to test the relationship between number of nights in-
cubated by egg-laying females and the estimated num-
ber of parasitic eggs that were laid. Controlling for
clutch size, I used Spearman’s partial rank correlation
to examine the relationship between number of nights
egg-laying females incubated and length of the incu-
bation period. Data summaries and statistical analyses
were completed with SAS (SAS Institute 1988). Means
6 SE are presented.

RESULTS
Data-loggers were placed in 22 nests during early stag-
es of egg laying (median 5 2 eggs; range 1–7 eggs).
Average nest initiation date was 2 March 6 3 days
(range 7 February–9 April). Most (21 of 22) females
began incubating at night a median of 4 days (range
2–9 days) before egg laying was concluded and full
(i.e., day and night) incubation began. Thirty-eight per-
cent (8 of 21) of females incubated for 3 nights, 29%
(6 of 21) for 4 nights, and 19% (4 of 21) for 5 nights
before beginning full incubation. On average, noctur-
nal incubation bouts began 18 6 5 min before sunset,
ended 15 6 6 min before sunrise, and lasted 732 6 7
min. Egg-laying females spent an average of 47.2 6
4.1 hr incubating eggs at night before starting full in-
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FIGURE 1. Relationship between number of nights
egg-laying Wood Ducks spent incubating before start-
ing full incubation and length of the incubation period.
Unfilled circles represent data from two females each.
After controlling for clutch size using a Spearman rank
partial correlation, this trend was marginally signifi-
cant (rs 5 20.55, P 5 0.08).

cubation. Nest temperatures during these nocturnal
bouts were lower than nest temperatures recorded at
night during full incubation (33.9 6 0.48C vs. 36.8 6
0.28C; paired t21 5 9.3, P , 0.001). One female did
not incubate at night during egg laying, but began
spending more time on the nest in the morning, 3 days
before starting full incubation. These bouts lasted 247
6 44 min, nest temperature averaged 28.2 6 0.98C,
and a total of 12.4 hr was spent on the nest before full
incubation began.

Females had laid an estimated 7.4 6 0.4 eggs (range
4–10) when nocturnal incubation began, and this num-
ber did not decline later in the breeding season (rs 5
0.05, n 5 19, P 5 0.85). Females ended bouts of noc-
turnal incubation an average of 35 6 11 min before
egg-laying began (paired t20 5 3.3, P 5 0.004), sug-
gesting that incubation by egg-laying females was not
done to prevent brood parasitism. There also was no
relationship between number of nights egg-laying fe-
males incubated nests and estimated number of para-
sitic eggs (rs 5 0.07, n 5 18, P 5 0.78); 83% of nests
(15 of 18) were parasitized.

There was some evidence that number of nights fe-
males incubated eggs during egg laying was inversely
related to length of the incubation period (partial rs 5
20.55, n 5 12, P 5 0.08; Fig. 1), but power of the
test was low because of small sample size. Incubation
period could not be determined for 9 of 21 nests be-
cause 7 nests and 2 data-loggers failed before hatching.

DISCUSSION

Female Wood Ducks consistently began incubating
eggs at night before clutches were complete. In other
waterfowl species that have been studied, incubation
begins during egg laying, and females begin spending
more time on the nest during the day as laying pro-
gresses (Afton and Paulus 1992). Earliest onset of in-
cubation in Mallards (Anas platyrhynchos) occurred
after laying the sixth egg in a clutch of 10–12 eggs,
and females began incubating at night only after the
last egg was laid (Caldwell and Cornwell 1975). Black

Brant (Branta bernicla nigricans) incubated first-laid
eggs as much as 48 hr before completing the clutch
(Flint et al. 1994). Wood Ducks started incubating at
night after laying an average of 7 eggs (Wilson and
Verbeek 1995, this study). Kennamer et al. (1997) re-
ported Wood Ducks often skip a laying day, usually
between the penultimate and ultimate egg. If females
in this study skipped days of laying, I would have
overestimated the number of eggs laid before starting
nocturnal incubation and underestimated the number
of parasitic eggs in each clutch. Wilson and Verbeek
(1995) did not assume that females laid an egg each
day, but visited Wood Duck nests daily and marked
any new eggs. They also reported that females began
nocturnal incubation after laying an average of 7 eggs,
suggesting that any skipped days of laying by females
in this study had little effect on results.

Nest temperature during bouts of nocturnal incuba-
tion averaged 33.98C, well above the temperature
needed by eggs to begin embryonic development (27–
288C; Webb 1987). It is not surprising, therefore, that
the average time (47.2 hr) egg-laying Wood Ducks in-
cubated at night corresponds well with the average lev-
el of intraclutch developmental asynchrony (2.2 days)
observed in Wood Duck clutches in South Carolina
(Kennamer et al. 1990).

Hatchability of unincubated eggs in several avian
species declines with increasing ambient temperature
and the number of days that eggs are exposed before
being incubated (Arnold et al. 1987, Arnold 1993, Sto-
leson and Beissinger 1999, Viñuela 2000). It has been
proposed that early onset of incubation may maintain
viability of early-laid eggs (Stoleson and Beissinger
1995). However, I found no support for the egg via-
bility hypothesis in Wood Ducks. Number of eggs laid
when nocturnal incubation began did not decline as
predicted with advancement of the breeding season
and associated rise in ambient temperature.

It is certainly possible that relationships between
egg viability, exposure time, and ambient temperature
differ for Wood Ducks compared to other species. Hé-
bert (2002) reported that sensitivity of eggs to expo-
sure time and temperature fluctuations can be species
specific. It is clear that further work is needed to ex-
amine these relationships in Wood Ducks and other
species, so that we have a better understanding of the
role that egg viability has played in the development
of early onset of incubation.

Early onset of incubation can protect eggs from
predators and conspecifics (Stoleson and Beissinger
1995). However, I found no evidence that nocturnal
incubation helped egg-laying Wood Ducks reduce con-
specific brood parasitism. Females spending more
nights incubating did not have fewer parasitic eggs in
their nests, and most nests were parasitized. Wood
Ducks arrived at nests before sunset and departed an
average of 35 min before egg laying began each day,
so they were not present at nests to deter parasitic fe-
males. These results contrast with those of Neudorf
and Sealy (1994) and Clotfelter and Yasukawa (1999)
who reported that early initiation of nocturnal incu-
bation by several host species facilitated nest defense
against brood parasitism by Brown-headed Cowbirds
(Molothrus ater). Because Wood Ducks apparently
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made no attempt to remain on nests in the morning
when egg-laying activity was greatest, it is not likely
that reducing brood parasitism has been an important
causal factor in development of early onset of incu-
bation.

Because of early onset of incubation in precocial
birds, late-laid eggs must accelerate development to
hatch synchronously with eggs laid earlier (Vince
1964, Davies and Cooke 1983, Persson and Andersson
1999). However, there is a limit to how much late-laid
eggs can accelerate development to synchronize hatch-
ing. In Lesser Snow Geese (Chen caerulescens cae-
rulescens), for example, eggs delayed more than 4
days did not hatch (Davies and Cooke 1983), and
Wood Duck clutches with more than 3 days of devel-
opmental asynchrony had reduced hatching success
(Kennamer et al. 1990). Early incubation and faster
development of late-laid eggs should produce short-
ened incubation periods that reduce exposure of nests
to predators and allow chicks to hatch earlier (Flint et
al. 1994, Persson and Andersson 1999). In Wood
Ducks there was some indication that more time spent
incubating by egg-laying females resulted in shorter
incubation periods, but sample size was small. Preco-
cial neonates that hatch early, especially at northern
latitudes, have a number of advantages that increase
their probability of being recruited to breeding popu-
lations (e.g., Cooke et al. 1984, Sedinger and Flint
1991, Blums et al. 2002). However, there also may be
costs to accelerated development. Within clutches, ne-
onates that develop faster may be less mature at hatch-
ing, and reduced developmental maturity may affect
posthatching survival (Ricklefs and Starck 1998). Fu-
ture research should examine tradeoffs associated with
early onset of incubation, accelerated development,
and hatching synchronization in precocial birds.
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HÉBERT, P. N. 2002. Ecological factors affecting initi-
ation of incubation behaviour, p. 270–279. In D.
C. Deeming [ED.], Avian incubation: behaviour,
environment, and evolution. Oxford University
Press, New York.

HEPP, G. R., AND F. C. BELLROSE. 1995. Wood Duck (Aix
sponsa). In A. Poole and F. Gill [EDS.], The birds of
North America, No. 169. The Academy of Natural
Sciences, Philadelphia, PA, and The American Or-
nithologists’ Union, Washington, DC.

HEPP, G. R., AND R. A. KENNAMER. 1993. Effects of
age and experience on reproductive performance
of Wood Ducks. Ecology 74:2027–2036.

KENNAMER, R. A., S. K. ALSUM, AND S. V. COLWELL.
1997. Composition of Wood Duck eggs in relation
to egg size, laying sequence, and skipped days of
laying. Auk 114:479–487.

KENNAMER, R. A., W. F. HARVEY IV, AND G. R. HEPP.
1990. Embryonic development and nest attentive-
ness of Wood Ducks during egg laying. Condor
92:587–592.

MANLOVE, C. A., AND G. R. HEPP. 1998. Effects of
mate removal on incubation behavior and repro-
ductive success of female Wood Ducks. Condor
100:688–693.

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

NEUDORF, D. L., AND S. G. SEALY. 1994. Sunrise nest
attentiveness in cowbird hosts. Condor 96:162–169.

PERSSON, I., AND G. ANDERSSON. 1999. Intraclutch
hatch synchronization in pheasants and Mallard
ducks. Ethology 105:1087–1096.

RICKLEFS, R. E., AND J. M. STARCK. 1998. Embryonic
growth and development, p. 31–58. In J. M.
Starck and R. E. Ricklefs [EDS.], Avian growth
and development: evolution within the altricial-
precocial spectrum. Oxford University Press, New
York.

ROMAGNANO, L., A. S. HOFFENBERG, AND H. W. POWER.
1990. Intraspecific brood parasitism in the Euro-
pean Starling. Wilson Bulletin 102:279–291.



186 SHORT COMMUNICATIONS

SAS INSTITUTE. 1988. SAS/STAT user’s guide, release
6.03 edition. SAS Institute Inc., Cary, NC.

SEDINGER, J. S., AND P. L. FLINT. 1991. Growth rate is
negatively correlated with hatch date in Black
Brant. Ecology 72:496–502.

STOLESON, S. H., AND S. R. BEISSINGER. 1995. Hatching
asynchrony and the onset of incubation in birds,
revisited. When is the critical period? Current Or-
nithology 12:191–270.

STOLESON, S. H., AND S. R. BEISSINGER. 1999. Egg vi-
ability as a constraint on hatching synchrony at
high ambient temperatures. Journal of Animal
Ecology 68:951–962.

VIEGA, J. P. 1992. Hatching asynchrony in the House
Sparrow: a test of the egg-viability hypothesis.
American Naturalist 139:669–675.

VINCE, M. A. 1964. Social facilitation of hatching in
bobwhite quail. Animal Behaviour 12:531–534.
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