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TERRITORIALITY, PROSPECTING, AND DISPERSAL IN
COOPERATIVELY BREEDING MICRONESIAN KINGFISHERS
(TODIRAMPHUS CINNAMOMINUS REICHENBACHII)

Dyran C. KesLer?3 anD Susan M. Haic!

1U.S. Geological Survey Forest and Rangeland Ecosystem Science Center, 3200 SW Jefferson Way,
Corvallis, Oregon 97331, USA; and
2Department of Fisheries and Wildlife, Oregon State University, Corvallis, Oregon 97331, USA

AssTrACT.—We investigated territoriality, prospecting, and dispersal behavior in
cooperatively breeding Pohnpei Micronesian Kingfishers (Todiramphus cinnamomi-
nus reichenbachii) throughout the annual cycle using radiotelemetry and color-band
resights. Mean home-range size was 6.3 ha and territories were 8.1 ha. Within
territories, Micronesian Kingfishers shared 63% of their home-range space with
coterritorial occupants, and 3% was shared with extraterritorial conspecifics. Birds
on cooperative territories had larger home ranges that overlapped more with coter-
ritory occupants’ home ranges than birds in pair-held territories. Despite evidence
suggesting that resources necessary for survival and reproduction occurred on each
territory, Micronesian Kingfishers of all age and sex classes made extraterritorial
prospecting movements. Prospecting was rare; it comprised only 4.3% of our obser-
vations. When birds departed on forays, they were gone for ~1.9 h and returned
to home territories before sunset. Prospecting by dominant birds was temporally
correlated with courtship and nest initiation, and birds were observed at neighbor-
ing nest sites with opposite-sex conspecifics during the period when females were
available for fertilization. Juveniles and helpers prospected throughout the year
and made repeated homesteading movements to dispersal destinations before dis-
persing. Mean dispersal distance for radiomarked individuals was 849 m. Results
suggest that prospecting in Micronesian Kingfishers is a complex behavior that
provides information for dispersal decisions and familiarity with dispersal destina-
tions. Additionally, extraterritorial movements may provide covert opportunities
for reproduction, which have potential to profoundly influence the distribution of
fitness among helper and dominant Micronesian Kingfishers. Received 29 August
2005, accepted 14 March 2006.

Key words: Caroline Islands, dispersal, foray, Halcyon cinnamomina, homesteading,
Micronesia, prospecting, Todiramphus cinnamominus.

Territorialité, prospection et dispersion chez des Todiramphus cinnamominus reichenbachii
présentant une reproduction coopérative

ResumE.—Au cours du cycle annuel, nous avons étudié la territorialité, la
prospection et le comportement de dispersion chez des Martins-chasseurs cannelle
(Todiramphus cinnamominus reichenbachii) coopérant pour la reproduction. Pour ce
faire, la télémétrie et la ré-observation d’oiseaux marqués de bagues colorées ont été
utilisés. Le domaine vital moyen s’étendait sur 6,3 ha et les territoires, sur 8,1 ha. Les
martins-chasseurs partageaient 63% de leur domaine vital avec les autres occupants
du territoire et 3% avec leurs congéneres extraterritoriaux. Les oiseaux occupant des
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territoires en coopération avaient des domaines vitaux plus grands qui chevauchaient
davantage celui des autres occupants du territoire que les couples d’oiseaux
occupant seuls le territoire. Malgré des signes évidents suggérant la présence des
ressources nécessaires a la survie et la reproduction dans chaque territoire, les
martins-chasseurs des deux sexes et de toutes les classes d’age ont effectué des
déplacements extraterritoriaux de prospection. La prospection était rare, comptant
seulement pour 4,3% de nos observations. Lorsque les oiseaux partaient pour une
incursion, ils s’absentaient pendant ?1,9 h et revenaient dans leurs territoires avant
le coucher du soleil. La prospection par les oiseaux dominants était corrélée dans le
temps avec la parade nuptiale et I'initiation des nids. Ces oiseaux étaient observés
a des sites de nidification voisins en compagnie de congéneres du sexe opposé
pendant la période ou les femelles pouvaient étre fertilisées. Les juvéniles et les
aides au nid prospectaient tout au long de I'année. Ils ont effectué des déplacements
répétés vers des destinations de dispersion avant la dispersion elle-méme. La
distance moyenne de dispersion chez les individus munis d’émetteurs était de 849
m. Les résultats suggerent que la prospection chez les Martins-chasseurs cannelle
est un comportement complexe qui les informe dans leur décisions de dispersion
et leur permet de se familiariser avec les destinations de dispersion. De plus, les
mouvements extraterritoriaux peuvent fournir des opportunités clandestines pour
la reproduction, lesquelles ont le potentiel d’influencer profondément la distribution
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du fitness parmi les martins-chasseurs dominants et les aides au nid.

KNOWLEDGE OF DISPERSAL and space use is
essential for testing hypotheses about the evolu-
tion of sociality in cooperatively breeding spe-
cies. Predominant theories about cooperative
breeding suggest that there are fitness benefits
associated with delayed dispersal (“benefits of
philopatry” hypothesis; Stacey and Ligon 1991),
including the potential to inherit resources
when natal or nearby territory vacancies occur.
The cost of delaying can be outweighed if the
inherited resources provide enhanced fitness
when compared with those in outlying areas
(Komdeur 1991, 1992, 1994). Timing of dispersal
is variable among species, however, and little is
known about the proximate factors influencing
when and how dispersal occurs.

In many cooperatively breeding species,
some individuals disperse as juveniles, whereas
others delay for extended periods (Koenig and
Pitelka 1981, Brown 1987, Stacey and Koenig
1990, Walters et al. 1992, Ligon 1999, Ekman et
al. 2004). This pattern implies that each individ-
ual gathers information about resource quality,
territory occupancy, and breeding vacancies in
nearby areas before making dispersal deci-
sions. Some have proposed that birds obtain
information pertinent to dispersal through
social interactions along territorial boundaries
(Hale et al. 2003) and by making extraterritorial

prospecting movements into the surrounding
landscape (Bowen et al. 1989, Reed et al. 1999,
Koenig et al. 2000, Fedy and Stutchbury 2004).
However critical this information is to under-
standing sociality in cooperative breeders,
prospecting movements are rare and elusive,
and attempts at empirical assessments can be
beset by methodological biases (Koenig et al.
1992, 2000; Walters 2000; Clobert et al. 2001;
Johnson and Horvitz 2005). Thus, few have
identified how prospecting relates to disper-
sal, where prospecting birds travel, and what
information birds acquire while prospecting,
despite the paramount importance of these data
to understanding proximate dispersal decisions
in cooperative breeders (Walters 2000; but see
Doolan and Macdonald 1996, Schjerring et al.
1999, Fedy and Stutchbury 2004).

Once delayed dispersal has arisen, the behav-
ior can be maintained by extrinsic limitations
in resources necessary for reproduction (“eco-
logical constraints” hypothesis; Emlen 1982).
Habitats suitable for survival and nesting of
cooperative species are often saturated with ter-
ritories that are packed boundary-to-boundary
and aggressively defended, which suggests
that territory availability may function as the
limited resource that prevents young from
dispersing (“habitat saturation” hypothesis;
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Selander 1964, Brown 1974, Gaston 1978, Stacey
1979, Koenig and Pitelka 1981). In pair-breeding
species, investigators have identified spatially
and temporally variable factors that influence
the distribution of individuals, including envi-
ronmental conditions, intraspecific interactions
(Brown 1964, Emlen and Oring 1977, Hixon
1980, Schoener 1983, Lima 1984, Stamps and
Krishnan 1999), and resource dispersion and
predictability (Brown 1964, Emlen and Oring
1977, Bollmann et al. 1997, Clark and Shutler
1999, Zwicker and Walters 1999, Tyre et al.
2001). Yet few have investigated proximate
mechanisms underlying space use and ter-
ritoriality in cooperative species (Langen and
Vehrencamp 1998, Breininger and Oddy 2004,
Fedy and Stutchbury 2004).

Within a territory, each individual bird uses
space, which makes up its home range (White
and Garrott 1990), and together the home ranges
for a pair or social group comprise a territory.
Space within territories is aggressively defended
from conspecifics along territory boundaries
(Brown 1964). There is a lack of information
about how space is partitioned among indi-
viduals, and the actual extent to which spatial
resources are distributed among a cooperatively
breeding group has never been assessed, to our
knowledge. Although birds within a territory
are generally believed to share resources, some
space may also be reserved for specific social
classes, and relationships may differ among
cooperative and pair-held territories.

We investigated territoriality, prospect-
ing movements, and dispersal behaviors in
cooperatively breeding Pohnpei Micronesian
Kingfishers (Todiramphus cinnamominus reichen-
bachii). We synthesized observations of color-
banded and radiomarked birds to assess the
distribution and movement of individuals
within and among territories. We evaluated
home ranges, territories, prospecting distances,
timing, and the relationship between disper-
sal and extraterritorial movements using a
global information system (GIS) and behavior
observations. Additionally, radiotelemetry and
color-band observations were used to assess
within- and among-year dispersal. Results from
the present study are intended to lend insight
into space use and dispersal and provide
information for recovery efforts for the Guam
Micronesian Kingfisher (T. c. cinnamominus).
The Guam Micronesian Kingfisher was listed as
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endangered under the U.S. Endangered Species
Act following precipitous declines caused by
introduced brown tree snakes (Boiga irregularis;
U.S. Fish and Wildlife Service 1984, Savidge
1987). They now exist only as a captive popula-
tion in U.S. zoos (Haig and Ballou 1995, Haig
et al. 1995, Bahner et al. 1998, Kesler and Haig
2004). Plans have been announced for reintro-
ducing the species back into its last native habi-
tats on Guam, but this cannot be done without
information about spatial distribution and dis-
persal (U.S. Fish and Wildlife Service 2004).

METHODS

Research was conducted on the island
of Pohnpei, Federated States of Micronesia
(6°52’N, 158°13’E). Pohnpei is a circular island
~20 km in diameter and it has the highest peak
in the Micronesian chain (~800 m; Engbring et
al. 1990). Extensive lowland coastal plateau and
mangrove swamps surround the inner moun-
tain range, which is characterized by dense
tropical rainforests. Three sites were selected for
this investigation: the Ranch (6°57'N, 158°12’E),
College of Micronesia (6°54’N, 158°9’E), and
Palikir study areas (6°55’N, 158°9’E). Each site
included strand vegetation, early-succession
and mature lowland rainforest, grassland, urban
vegetation, and agroforest. Grassland included
pastures and fallow fields. Early-succession
rainforest and agroforest vegetation were char-
acterized by lower canopy (2-20 m high) hibis-
cus (Hibiscus tiliaceus), banana (Musa sapientum),
coconut (Cocos nucifera), breadfruit (Artocarpus
altilis), and sakau (Piper methysticum). Mature
forests had higher canopies (25-30 m high) and
were dominated by mango (Mangifera indica),
dohng (Campnosperma brevipetiolata), sadak
(Elaeocarpus  carolinensis), karara (Myristica
insularis), ais (Parinari laurina), and tree ferns
(Cyathea spp.; see Mueller-Dombois and Fosberg
1998, Buden 2000).

Study population.—We follow the terminology
of recent literature (e.g.,, Haydock and Koenig
2002) by using “dominant” to refer to the puta-
tive breeders on a territory and “helper” for
offspring that have delayed dispersal through
subsequent parental reproductive attempts.
Additionally, we use “juvenile” to describe prog-
eny from the most recent breeding season. We
radiomarked and color-banded a population of
Micronesian Kingfishers on study areas between
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January 1999 and November 2004. The study
populations were intensively observed from
January to July 1999, March to September 2000,
September 2001, September 2002 to January 2003,
October and November 2003, and September
2004. Birds were radiomarked during 1999, 2000,
and 2002, and color-banded every year. Because
observers were present on study areas daily, we
believe that the social classes (dominant, helper,
juvenile) of all individuals were known. Birds
were captured in mist nets and fitted with a 1.8-g
telemetry package (Holohil Systems, Ottawa,
Canada) using the leg-harness design (Rappole
and Tipton 1991) and a unique combination of
colored leg bands. We observed no negative
effects from capture, observation, color bands,
or radiomarking. Age and sex of each bird was
determined using molecular analyses and plum-
age characteristics (D. C. Kesler et al. unpubl.
data). In Pohnpei, adult Micronesian Kingfishers
older than one year have white breast plumage
(Pratt et al. 1987, Fry and Fry 1992), whereas
fledglings and juveniles have varying degrees
of rufous breast plumage. The rufous feathers
progressively molt into white along the ventral
feather tract (D. C. Kesler et al. unpubl. data).
The plumage of helpers occasionally shows
remnant rufous coloration, but plumage of older
helpers is similar to that of dominants (D. C.
Kesler pers. obs.).

Radiotelemetry and home range.—We used
radiotelemetry and GIS analyses to evaluate
territoriality and movement in Micronesian
Kingfishers. Hand-held Yagi antennas, com-
passes, and global positioning systems (GPS;
March 1III, Corvallis Microtechnologies,
Corvallis, Oregon) were used to record bearing
groups of two to five (mean = 2.98) directional
bearings for each Micronesian Kingfisher (n =
2,108 locations). If birds were visually observed
during telemetry sessions, we recorded their
actual location using the offset function of the
GPS (n = 1,942 locations). Bearing groups were
used to estimate the best maximum-likelihood
locations for each bird using default settings in
LOAS (Ecological Software Solutions, Urnésch,
Switzerland; see Acknowledgments), and they
were excluded if LOAS failed to identify a
location or if observers noted that birds moved
during the observation period. Locations
with 95% error ellipses (White and Garrott
1990) >5,000 m? (~10% of the area of a mean
Micronesian Kingfisher home range) were also
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excluded (n=17). Most birds were located once
daily, and all observations were separated by
>2 h to avoid autocorrelation (mean temporal
separation of subsequent observations = 27
h). Additionally, kernel density analyses can
be biased by clusters of locations during the
breeding season (White and Garrott 1990), so
we eliminated 104 locations that were within
15 m of nest sites. The process yielded 3,929
locations.

Differential detection probabilities and miss-
ing data have the potential to bias representa-
tions of movement and resource use (Porter
and Dooley 1993; Koenig et al. 1996, 2000). For
example, data are biased when observers fail to
identify the presence or location of color-banded
or radiomarked animals that have moved off
study areas or into portions of the landscape that
hinder detection. We avoided biasing results by
locating birds every time we attempted to find
them, with the exception of several attempts cut
short by factors unrelated to bird movement,
such as weather and equipment failures. Several
study-specific factors allowed us to consistently
locate birds, including presampling identifica-
tion of biasing factors, the 1- to 2-km detection
distance of the Holohil transmitters in the gener-
ally flat landscape, and the short-distance move-
ments of Micronesian Kingfishers. When birds
were not immediately identified on their home
territory, observers traversed the surrounding
landscape until the location of prospecting indi-
viduals was identified. Radiotelemetry results
can also be biased if diurnal movement patterns
correlate with telemetry sampling regimes.
Thus, we repeatedly sampled throughout the
day and night. We focused most sampling on
daylight hours, because observer comments
and 60 sequential telemetry locations recorded
during nighttime hours indicated that birds
do not move substantially between sunset and
sunrise. Additionally, we balanced sampling
equally during each 2-h time block between
0600 and 1800 hours (approximate sunrise and
sunset at 7°N latitude; observation [mean +
SD] per time block = 649 + 69). During telem-
etry observation periods, behaviors were also
recorded if the observers could visually identify
individuals. Particular emphasis was placed on
recording aggressive interactions, fights, and
courtship behaviors, and noting behavior dur-
ing prospecting movements. We believe this
method yielded a data set that was temporally
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and spatially representative of Micronesian
Kingfisher space use and movement throughout
the annual cycle.

Prospecting,  dispersal, and  behavior.—We
employed a combination of empirical and
subjective criteria to identify telemetry loca-
tions recorded while birds were prospecting.
First, we used the ARCVIEW animal move-
ment extension (Hooge and Eichenlaub 1997)
to conduct kernel density analyses (White and
Garrott 1990) of telemetry locations. Home
range was considered to be the 95% use contour
of each bird within a particular year (White
and Garrott 1990, Roshier and Reid 2003). The
95% use contours for dominants on each terri-
tory were then amalgamated to delineate the
boundaries of 16 focal study territories (see
Kesler and Haig 2005b). Kernel polygons were
considered to be outliers and excluded from the
territory amalgamations if they were distinctly
separated from the main territory polygon
and surrounded only a single telemetry point.
Extraterritorial movements were then defined as
locations of birds outside territorial boundaries
by >50 m, a figure selected because it represents
approximately half the radius of a mean-sized
circular home range. Radiomarked birds were
considered to have dispersed if they remained
at a prospecting destination for >24 h and after
daily movements to home territories ceased.
We considered that color-banded individuals
dispersed if they moved from one territory to
another between years.

Analysis. —Statistical analyses were con-
ducted using SAS, version 8e (SAS Institute,
Cary, North Carolina). Two-sample t-tests were
used to make comparisons between sexes, and
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the linear-model analysis of variance (ANOVA;
Proc GLM) function of SAS ANALYST was used
to evaluate social class comparisons. Chi-square
analyses were calculated by hand. Statistical
tests used for each analysis, adjustment meth-
ods for multiple comparisons, 95% confidence
intervals (95% CI), and least-squared mean
parameter estimates are presented whenever
appropriate. Unless otherwise noted, estimates
are reported as means + SD, and differences are
considered statistically significant at a < 0.05.

ResuLts

From 1999 to 2004, 57 male and 53 female
Micronesian Kingfishers were marked with
individual-specific color-band combinations.
On 16 focal territories, 43 birds were marked as
dominants, 12 as helpers, and 39 as juveniles or
nestlings. Fifty-seven were observed during only
the year they were marked, 22 were observed
during two field seasons, 13 were observed for
three seasons, one bird was observed during
a fifth, and one during a sixth season. During
the 1999, 2000, and 2002 breeding seasons, 54
Micronesian Kingfishers were radiomarked
and tracked for ~16 weeks each (Tables 1 and
2). Additionally, one female and two males were
radiomarked during consecutive years, yielding
a total of 57 kingfisher*radio years.

Space distribution within and among territories. —
Home ranges were evaluated for radiomarked
Micronesian Kingfishers (Table 1). The mean
error ellipse for bearing groups was 409 m?, and
a mean of 64 + 22 locations (minimum 13, maxi-
mum 100) were used for each home-range esti-
mate. Mean home-range size was 7.31 + 6.83 ha

TasLE 1. Estimates of home-range size and prospecting distances from home territories for each sex
and social class of Micronesian Kingfishers during 1999, 2000, and 2002, using radiotelemetry
and kernel-density analyses. Estimates (mean + SD) are presented for each class.

All observations Prospecting
Mean  Home-range Observa- Mean
Sex  Class Birds® observations size (ha)® Birds  tions (%) distance
F Dominant 16 69 +20 57£27 6 0.7 77
F Helper 3 63 +23 7.8+4.8 2 9.0 399
F Juvenile 9 56 +13 52+37 8 9.4 221
M Dominant 16 67 £18 7127 9 1.2 114
M Helper 7 60 + 33 79+4.4 6 11.0 429
M Juvenile 6 51 +27 4.6+3.4 1 2.8 189

2Sample sizes are presented in bird*years.

Data for three dispersing individuals are addressed elsewhere, because they exerted undue leverage on estimates.
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TasLE 2. Home-range overlap within and among Micronesian Kingfisher territories
on Pohnpei during 1999, 2000, and 2002. Results are presented as area (ha), with
sample sizes in parentheses. P-values are reported for two-sample ¢-tests for equal

means.
Overlapping home range area

Overlap type Neighbors  Within territories P-value
Dominant-dominant 0.14 (22) 4.39 (8) <0.0001
Dominant-helper 0.34 (12) 4.78 (10) <0.0001
Dominant-fledgling 0.11 (21) 3.29 (9) <0.0001
Fledgling—helper 0.04 (2) 4.74 (3) 0.017
Helper-helper® 1.18 (6) - -
Fledgling—fledgling 0.01 (20) 2.05 (4) <0.0001

2 Home ranges of neighboring helpers overlapped significantly more than home ranges of all other

neighboring social classes.

for all radiomarked birds. The disparate point
distributions of three individuals that dispersed
during observations yielded estimates that
exerted undue leverage on results, so they were
excluded and are treated below. After disperser
data were removed, mean home-range size was
6.28 +3.33 ha (Table 1).

There was suggestive evidence that home-
range sizes differed among social classes
(ANOVA, P = 0.09). Juvenile home ranges were
the smallest and helper home ranges were
the largest, but pairwise comparisons were
insignificant (Scheffe’s adjustment for multiple
comparisons, P > 0.05, 95% CI: -0.36 to 6.23 ha;
Table 1). Similarly, there was no difference in the
home-range size of males and females (t-test; P =
0.26). The relationship between sociality and
home-range size was evaluated by comparing
home ranges of birds in cooperative group-held
territories (n = 31) with those on pair-held terri-
tories (n = 26). Overall, the home ranges of birds
on pair-held territories were 1.8 ha smaller than
those on cooperative territories (t-test, P = 0.04,
95% CI: 0.1-3.5 ha). By social class, dominant
home ranges were 2.4 ha larger (P = 0.009; 95%
CI: 0.7-4.0 ha), and the home ranges of fledglings
were 1.8 ha larger (P =0.04; 95% CI: 0.1-3.5 ha) on
cooperative territories.

Groups or pairs of Micronesian Kingfishers
share space within each territory. However,
aggressive interactions among coterritorial
occupants suggest that not all space is com-
monly used by every individual, and that por-
tions of each territory may be reserved for use
by only specific birds. To gain insight into the
sharing of space within territories, we assessed
the amount of space used simultaneously by

radiomarked birds, or the amount of home-
range overlap (Table 2). Forty-two birds were
radiomarked while a coterritorial occupant was
simultaneously tracked, and dyad combina-
tions of these individuals yielded 34 pairs of
simultaneous coterritorial home ranges. Home
ranges of coterritorial birds overlapped by a
mean of 3.97 + 2.10 ha. No differences were
identified between the area overlapped by two
dominants, dominants and helpers, dominants
and juveniles, helpers and juveniles, or two
juveniles (one-way ANOVA, F =1.78, df =4 and
33, P = 0.16; Table 2). In regard to mean home-
range size, results illustrate that birds share 63%
of their home range with other individuals on
the same territory, but that not all space is com-
monly used by all territory occupants. When
a comparison was made between mean home-
range overlap on cooperative (mean * SE, 2.75
0.39 ha, n = 12) and pair-held territories (4.63 +
0.46 ha, n = 22), results indicated that home
ranges on cooperative territories overlapped by
1.88 ha more than those on less-crowded pair-
held territories (two-sample t-test, P = 0.01, 95%
CI: 0.48-3.29 ha).

Micronesian Kingfisher occupancy on 16 focal
territories was recorded between 1999 and 2003.
Territories were defended (in territory*years) by
single individuals (n = 2), breeding pairs (1 = 13),
a single dominant and a juvenile (n = 1), breed-
ing pairs and juveniles (1 = 25), and cooperative
family groups (n = 24). Dominant mortalities
altered group membership in 4 territory*years,
and social composition could not be determined
for 11 territory*years. When home ranges of
radiomarked dominants were amalgamated
to empirically define each territory, the mean
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territory size was 8.1 ha. There was no difference
in the size of territories that hosted cooperative
groups during at least one field season (n = 12),
and consistently pair-held territories (n = 4) (F =
2.41,df=1and 14, P=0.14).

When conspecifics were encountered within
territories or along territory boundaries, the
birds were excluded through aggressive inter-
actions. Chases and bill-swooping displays
were observed 99 times during the course of
fieldwork. Among the aggressive displays
observed on the study areas, 29 were located
near territorial boundaries delineated by telem-
etry, and 13 were inside territories. All age and
sex classes participated in the behaviors, which
usually terminated when one or more territory
occupants chased intruders from confrontation
areas. We evaluated the effects of spatial exclu-
sion by assessing home-range overlap among 83
dyad pairs of radiomarked birds on neighbor-
ing territories. The home ranges of neighboring
birds overlapped less than those of birds on
the same territory (0.21 vs. 3.97 ha; two-sample
t-test, P < 0.001), a pattern that applied to all
combinations of social classes (Table 2). The
home ranges of the six neighboring pairs of
helpers overlapped more than other combina-
tions of neighboring dominants, helpers, or
juveniles (ANOVA, F =12.96, df =5 and 77, P <
0.0001), which indicates that helpers invaded
the space of extraterritorial conspecifics more
than other social classes.

Prospecting  movements.—Prospecting  was
observed in 31 individuals of all age and sex
classes (Table 1). Of 3,929 telemetry locations
recorded during our investigation, 170 were
observed during 152 prospecting movements
(multiple locations were recorded during long
forays). Observer remarks about behavior
accompanied 113 of the prospecting move-
ments, and the GIS verified that all locations
were >50 m from home-territory boundaries.
All prospecting movements terminated with
birds returning to home territories before sun-
set. We used two methods to evaluate mean
departure time, mean foray duration, and mean
return time. On 59 occasions, we observed birds
on their home territories and prospecting dur-
ing the same day. We estimated a mean depar-
ture time of 1025 hours (1.7 SE, n = 27) and a
mean return time of 1221 hours (2.4 SE, n = 27)
by averaging the times birds were observed
on their home territories with the times they
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were observed prospecting. The difference in
means yields an estimated foray duration of
1.9 h (t-test, P =0.0012, 95% CI: 0.7-3.1). We also
observed round-trips on four occasions, when
birds were detected on their home territory,
while prospecting, and then back on their home
territory again on the same day. The mean esti-
mated departure time, prospecting duration,
and return time for round trips were similar to
those identified above (0935 hours, 3.0 h, and
1237 hours, respectively).

Prospecting  frequency differed among
social classes (ANOVA, arcsine-square-root-
transformed proportion observations pros-
pecting, F = 432, df = 2 and 61, P = 0.018),
with prospecting comprising 2.4% more of
the helper telemetry observations than those
of the dominants (Bonferroni correction and
back-transformed, P = 0.03, 95% CI: 0.01-8.5%).
Similarly, helpers prospected 161 m farther
from home territory boundaries than dominants
(ANOVA, F =4.95, df =2 and 29, P = 0.014, 95%
CI: 31-292 m). No differences were identified
between juveniles and dominants or juveniles
and helpers (P > 0.05). Sexes did not differ (t-test,
P >0.05), and no difference was identified among
cooperative and pair-held territories (t-test of
arcsine-square-root-transformed proportion
observations prospecting, P > 0.05; mixed-models
ANOVA, P > 0.05). Although restricted samples
prevent analysis of sex by social-class interac-
tions, the pattern of prospecting frequencies sug-
gests similarity between juvenile and dominant
males and between juvenile and helper females.

We evaluated the temporal distribution
of prospecting by comparing the number of
observed monthly prospecting movements with
the number expected if they were proportional
to all telemetry observations. Prospecting move-
ments were temporally disproportionate to pre-
dictions for all three social classes (dominants:
x2 =16, df =2, P < 0.001; helpers: x> =54, df =7,
P <0.001; juveniles: x*=21, df =4, P <0.001; cells
with predicted occurrence <5 were excluded).
Additionally, the monthly proportion of pros-
pecting observations differed among dominants,
helpers, and juveniles (Kruskal-Wallis test, x* =
6.86, df = 2, P = 0.029). The timing of dominant
prospecting corresponded with reproduction,
because the proportion that occurred during
breeding months (April-August) differed from
that during nonbreeding months (t-test, F =
10.2, df =1 and 9, P = 0.01; estimated 2.3% more
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Fic. 1. Temporal distribution of observed courtship behaviors and prospecting movements
among social classes of Pohnpei Micronesian Kingfishers. Crosshatching denotes period of nest
initiations on focal territories between 1999 and 2004. Courtship observations included copula-
tions, courtship feedings, and nest excavations (n = 7, 6, and 43, respectively) between 1999 and
2004. Histograms illustrate the monthly proportion of courtship behaviors among all behaviors,
and monthly proportion of extraterritorial observations, for radiomarked Micronesian Kingfishers

in each social class during 1999, 2000, and 2001.

prospecting observations during the breeding
season, 95% CI: 0.7-3.9%; Fig. 1). Although the
histogram in Figure 1 appears to illustrate a simi-
lar pattern between courtship behavior and pros-
pecting in helpers, mean monthly prospecting
movements did not differ significantly between
the breeding and nonbreeding months for help-
ers or juveniles (t-test, P > 0.05 for both).
Behavioral observations support asser-
tions that extraterritorial movements may be
motivated by birds” search for extrapair mat-
ing opportunities. Courtship behaviors were
observed in association with eight forays. Male
helpers were observed at the nests of neighbor-
ing birds three times, and telemetry showed

that the neighboring female was present on at
least one of those occasions while her mate was
elsewhere. Furthermore, estimates based on
hatch dates for the nests visited by prospect-
ing males (n = 3) indicated that visits occurred
within three days of respective laying dates,
when females were presumably available for
fertilization. The visited females then went on
to nest with their mates on home territories.
Courtship calling with nonmates was observed
during four extraterritorial ~movements.
Aggressive territorial head-dipping displays,
aerial pursuit chases, and territory calling also
characterized prospecting observations (n=2, 5,
and 9, respectively).
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Philopatry and dispersal. —Five birds color-
banded as juveniles (one male, four females)
and five banded as helpers (four males, one
female) were observed on natal territories dur-
ing subsequent years. However, none remained
to obtain new mates and breed on natal areas,
which suggests that territory inheritance by
helpers or offspring is rare or does not occur in
Micronesian Kingfishers. Three males and five
females dispersed from natal territories during
our investigation. Two (one male, one female)
dispersed as juveniles, four (one male, three
females) remained as helpers for one breeding
season before dispersal, and two (one male, one
female) were not observed between fledging
and filling a vacancy on neighboring territories
two years later. Three birds dispersed while
being radiotracked (one male: 1,023 m; two
females: 849 and 716 m), and the remaining five
color-banded birds dispersed between field sea-
sons (two males: 419 and 1,372 m; three females:
295, 419, and 171 m). No differences were found
between mean dispersal distances of radio-
marked and color-banded birds (¢-test, P = 0.31,
n = 8), nor between males and females (¢-test,
P =0.14, n = 8). Dispersal had been previously
evaluated in terms of the number of territories
between natal areas and breeding locations, and
our observations show a 2.05 territory-width
separation between natal and breeding terri-
tories in radiomarked Micronesian Kingfishers
(assuming a diameter of 320 m from circular
territory with mean territory area). Before dis-
persal, three radiomarked individuals made
repeated prospecting visits (mean = 13) to the
locations where they eventually dispersed. The
fate of 31 color-banded juveniles and 10 help-
ers that disappeared from study areas remains
unknown, but many of these individuals prob-
ably dispersed to surrounding areas where they
were not subsequently resighted.

Insight into territory ownership and inheri-
tance comes from the behavior of territory-
holding dominants following death of their
mates. Territory ownership is not reserved for
either sex. A dominant male was left as the single
territory holder when a hunter shot his radio-
marked mate, and he remained on the territory
with the previous year’s offspring. On two other
territories, dominant females retained owner-
ship after the deaths of radiomarked mates. One
of these females was observed courtship-calling
with an unmarked male 17 days after her mate
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died, and the other bred with a new mate the
following year. Inferences about territory own-
ership can also be drawn from changes in terri-
tory occupancy across years. New mates on two
territories replaced dominant males, whereas
the dominant females remained across breed-
ing seasons. On six territories, dominant males
remained, whereas female mates were replaced.

DiscussionN

Pohnpei Micronesian Kingfishers hold all-
purpose territories throughout the year. Their
high degree of territoriality was illustrated by
results showing that the home ranges of coter-
ritorial occupants overlapped by 63%, whereas
the home ranges of birds on neighboring ter-
ritories overlapped by only 3%. Brown (1964)
suggested that territoriality would evolve if
resources were distributed so that an individual
could satisfy its nesting requirements, food sup-
ply, and attraction of a mate in a relatively fixed
area, and if individuals could balance the costs
of defensive aggression with the benefits of
defended resources. Accordingly, Micronesian
Kingfishers are terrestrial generalists that pri-
marily subsist on the abundant invertebrate and
lizard prey items (orders Isoptera, Lepidoptera,
and Othoptera; Emoia spp; Family Gekkonidae;
D. C. Kesler unpubl. data). Birds nest in arbo-
real termitaria that are apparently not limited
in abundance (Kesler 2002, Kesler and Haig
2005b), and they do not require specialized cover
resources in the amiable climactic conditions on
Pohnpei (Kesler and Haig 2005a). Additionally,
<1% of our telemetry locations from dominant
kingfishers were extraterritorial, which further
suggests that Pohnpei Micronesian Kingfisher
territories contained all the resources necessary
for survival and reproduction.

On cooperative territories, home ranges
of dominants were larger than those on pair-
held territories. Resource availability has been
shown to cause sociality in Seychelles Warblers
(Acrocephalus sechellensis; Komdeur 1991, 1992,
1994) and Red-cockaded Woodpeckers (Picoides
borealis; Walters et al. 1992), and larger territo-
ries and greater resources have been correlated
with sociality in other cooperative species, such
as Splendid Fairy-wren (Malurus splendens;
Brooker and Rowley 1995). Greater or higher-
quality resources on natal areas can also influ-
ence reproductive success (Forbes et al. 2002,
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Luck 2003, Lohmus and Véli 2004) and breeding
behavior (Emlen and Oring 1977, Walters et al.
1992, Byrkjedal et al. 1997, Pribil and Searcy
2001), which may induce potential dispersers
to delay. Thus, additional insight into restric-
tions placed on potential dispersers by resource
availability on the landscape, as well as the rela-
tive resource benefits that might be obtained on
natal areas by delaying, would be gained from
additional study of the interaction between
specific foraging and nesting resources, repro-
ductive success, and cooperative breeding in
Micronesian Kingfishers.

Prospecting. —Juvenile and helper Micronesian
Kingfishers may prospect to gather informa-
tion about potential dispersal destinations.
In the cooperatively breeding Red-cockaded
Woodpecker, there is evidence that reduced
familiarity with the environment decreases
disperser fitness (Pasinelli et al. 2004). Previous
investigations have also shown that knowledge
of localized resources can affect foraging effi-
ciency, territoriality, predator detection, and mate
attraction (Greenwood 1980, Greenwood and
Harvey 1982, Part 1994, Smith and Metcalfe 1997,
Bensch et al. 1998). For Micronesian Kingfishers,
nesting and foraging resources are vital to daily
survival and reproduction, and experiences dur-
ing prospecting may educate birds about the rel-
ative availability of these resources on natal areas
and in the surrounding landscape. We observed
birds foraging, excavating nest cavities, and
in proximity to the nests of neighbors while
prospecting. A similar nest-resource-assessment
behavior has been observed in other cooperative
species (e.g., Green Woodhoopoes [Phoeniculus
purpureus]; Ligon and Ligon 1990) and in many
pair-breeding species (see Reed et al. 1999).
While prospecting, Micronesian Kingfishers may
have also been assessing the ability of conspecif-
ics to defend territories through direct interac-
tions like territorial head-dipping displays,
aerial pursuit chases, and territory calling, or
through indirect indicators like plumage (e.g.,
Fan-tailed Widowbird [Euplectes axillaris]; Pryke
and Andersson 2003).

Investigators have suggested that in coopera-
tive species, potential dispersers choose either
to remain on a natal territory as a helper and
“stay-and-foray” or depart from natal territories
and search as a “floater” until they find a terri-
tory vacancy to fill (Brown 1987; Walters et al.
1992, 2004). Stay-and-foray models have been
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envisaged for cooperative breeders (Reed et al.
1999), and simulations have shown the relative
benefits of such a “foray search” strategy over
the random strategies (Boulinier and Danchin
1997, Conradt et al. 2003); many male Red-
cockaded Woodpeckers exemplify the pattern
(Walters et al. 2004). None of the radiomarked
Micronesian Kingfishers employed a floater dis-
persal strategy during 3,929 telemetry*bird*days.
Instead, birds made movements that resembled
a stay-and-foray strategy, because prospecting
was directed, repeated, and short in duration
and birds returned to their home territories
before sunset. This may reflect attempts to retain
social status and nepotistic benefits on a natal
territory (Ekman et al. 2001, 2004; Dickinson and
Hatchwell 2004) while simultaneously gathering
contemporary information about extrinsic condi-
tions with which to make informed decisions
about the costs and benefits of dispersal.

Our results suggest that prospecting may pro-
vide an opportunity to solicit reproduction (e.g.,
Pitcher and Stutchbury 2000). Although parent-
age has not been investigated in Micronesian
Kingfishers, previous studies of other coop-
eratively breeding species show high levels of
promiscuity and extrapair paternity (Mulder et
al. 1994, DeLay et al. 1996, Li and Brown 2000,
Richardson et al. 2001; but see Haig et al. 1994).
Prospecting movements of dominants were
temporally aligned with courtship observations
and nest initiations (Fig. 1), and we observed
prospecting individuals meeting neighboring
females at nest sites several days before lay-
ing. In contrast to previous descriptions of other
species (Reed et al. 1999), some prospecting
Micronesian Kingfishers were not failed breeders
that were merely gathering information about
resources, because they went on to breed with
mates on home territories shortly thereafter.

Reproduction obtained during extraterrito-
rial movements has the potential to greatly
enhance the fitness of prospecting birds while
simultaneously reducing that of cuckolded
males. Additionally, costs to prospectors may
be small, because we observed no mortality
during extraterritorial movements. Covert
reproduction by delayed dispersers during
forays would provide evidence of a previously
undocumented pathway to fitness, and suggests
that delaying and foraying may be more of an
alternative life-history strategy than simply
“making the best of a bad situation,” as some
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have suggested (e.g., Emlen 1997). Further, if
covert extraterritorial helper reproduction is
common in many species, the behavior even
has the potential to alter perceptions about the
costs and benefits of cooperative breeding and
delayed dispersal, which have been debated
for several decades (Skutch 1935, Brown et al.
1978, Vehrencamp 1980, Brown 1987, Stacey
and Koenig 1990, Gerlach and Bartmann 2002,
Haydock and Koenig 2003, Griffin et al. 2003).
A molecular genetic investigation of parentage
in Micronesian Kingfishers has the potential to
lend insight into this phenomenon.

Dispersal. — Although rare, long-distance dis-
persal has been observed in other cooperatively
breeding species (Bowen et al. 1989, Koenig
et al. 1996). During our study, Micronesian
Kingfishers neither prospected nor dispersed
great distances from home territories. The island
of Pohnpei is limited in size (~20 km in diam-
eter), so dispersal distances may be restricted by
behavior and geography.

An increased probability of obtaining a high-
quality breeding territory by delaying dispersal
is fundamental to the benefits-of-philopatry
hypothesis (Stacey and Ligon 1991). By delay-
ing, individuals can inherit natal areas or occupy
neighboring territories when vacancies occur.
Thus, inheritance is characteristic of many coop-
eratively breeding species (Hale et al. 2003), and
some investigators have even suggested that
long-term data sets might yield evidence of
dynasties (Emlen 1997). To the contrary, our five-
year investigation of Micronesian Kingfishers
provides no evidence of helpers obtaining breed-
ing vacancies through inheritance, because none
of the delayed dispersers bred on natal territo-
ries. However, some helpers dispersed to neigh-
boring territories, where they bred in subsequent
years, so individuals may be queuing for breed-
ing vacancies in nearby areas (Zack 1990).

In summary, the Micronesian Kingfisher is
a highly territorial species that maintains all-
purpose, year-round territories as pairs and
cooperative groups. No Micronesian Kingfishers
became floaters during our investigation, but all
age and sex classes made short-duration pros-
pecting movements to neighboring territories.
Because juveniles and helpers made repeated
and extended homesteading movements to
settlement areas before dispersal, prospecting
may allow birds to gather information about
localized resources and conspecifics before

Movement and Space Use in Micronesian Kingfishers

391

making dispersal decisions. Prospecting move-
ments of dominant birds were temporally asso-
ciated with courtship and nesting activities, and
birds were observed in proximity to opposite-
sex neighbors, which suggests that prospecting
may also be used to solicit reproduction.

Results from this investigation suggest that
a reintroduced population of Micronesian
Kingfishers on Guam would require at least
enough space for birds to maintain territories
~8.1 ha in size. The limited prospecting and dis-
persal distances detected here also suggest that
a recovering population of Guam Kingfishers
should not be expected to disperse across the
landscape quickly. Additional investigation into
parentage, and the interaction between specific
resources, dispersal decisions, and population
demography, would lend further insight into
the costs and benefits of cooperative breeding in
Micronesian Kingfishers.
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