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Abstract. We studied dispersal in a color-banded population of the Groove-billed Ani 
(Crotophaga sulcirostris) in Costa Rica. Eight percent of the young alive at the end of the 
breeding season bred on their natal territories the next year and 4% remained but did not 
breed. Thirteen percent dispersed successfully within the study area and bred in communal 
groups or simple pairs. The remaining 75% of the young birds disappeared from the study 
area. Young males remained in the study area as breeders more frequently than did young 
females. Breeding dispersal occurred, with at least 9% of the adult population moving to a 
new territory each year. 

We used a demographic model to estimate the following dispersal fates for young birds. 
For both males and females, 62% of the young alive at the end of the breeding season in 
which they hatched obtained a breeding position the next year. Of those that dispersed from 
their natal territories, 59 to 70% ofthe males and 64 to 74% ofthe females obtained breeding 
uositions. Of those that bred the year after thev hatched, 22% of the males and 2% of the 
females bred in their natal units, 34% of the males and 6% of the females bred within the 
study area but outside their natal units, and 44% of the males and 92% of the females bred 
outside the study area. We estimated that all of the males and 28% of the females that bred 
the year after they hatched were within three territories of their natal sites. 

Key words: Groove-billedA& Crotophaga sulcirostris; Cuculidae; Costa Rica; communal 
breeding; cooperative breeding: joint nesting; dispersal; philopatty. 

INTRODUCTION 

In cooperatively breeding birds with helpers-at- 
the-nest (classification of breeding systems fol- 
lows Emlen and Vehrencamp 1983), social units 
often are composed of a breeding pair and their 
young from one or more previous breeding sea- 
sons (reviews in Brown 1978, 1987). In these 
species young birds delay dispersal for one or 
more years, or even forego dispersal entirely and 
become breeders in their natal units. As a result, 
helpers usually are closely related to the breeders, 
other helpers, and nestlings in their social unit 
(Brown and Brown 198 1, Woolfenden and Fitz- 
patrick 1984). In communally breeding species, 
in which several males or several females breed 
together, dispersal patterns and relatedness are 
more variable. In some cases, related individuals 
breed together (Tasmanian Native Hen, Tribo- 
nyx mortierii, Maynard Smith and Ridpath 1972; 
Acorn Woodpecker, Melanerpes forrnicivorus, 
Koenig and Pitelka 1979; Pukeko, Porphyriopor- 
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phyrio, Craig 1979) but in other cases commu- 
nally breeding individuals are almost certainly 
unrelated (Galapagos Hawk, Buteo gulupagoen- 
sis, Faaborg et al. 1980). 

Groove-billed Anis (Crotophaga sulcirostris) 
are communal breeders in which several pairs 
build a single nest, have a joint clutch of eggs, 
and share nestling care (Skutch 1959; Vehren- 
camp 1977, 1978). Young birds serve as helpers 
during the season in which they hatch, and most 
breed the following year. High levels of relat- 
edness among breeders might occur if young birds 
breed in their natal groups rather than dispersing. 
We document the dispersal pattern, i.e., dispersal 
and nondispersal, in a population of Groove- 
billed Anis and examine the consequences of the 
observed pattern in terms of group composition 
and relatedness. 

METHODS 

STUDY PERIODS AND STUDY SITE 

The data reported here are from studies con- 
ducted from 1972 to 1973 by Vehrencamp (Veh- 
rencamp 1978) and from 1978 to 1982 by Bow- 
en, Koford, and Vehrencamp. The studies were 
conducted at Finca Taboga, near Cafias, Guana- 
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caste Province, Costa Rica. The habitat consisted 
of pasture, agricultural fields, and second-growth 
scrub. The study area extended for 10 km along 
a gravel road. We monitored as many as 60 social 
units a year, 22 of which were located along the 
eastern 6 km of the area, one or two territories 
from the road. The remaining 38 territories were 
clustered in an area of overgrown pasture. This 
main area, approximately rectangular in shape, 
spanned four to six territories in one direction 
and seven to 10 territories in the other direction. 
The breeding season lasted from June through 
December, which corresponded to the wet sea- 
son. Anis did not breed from January through 
May, the dry season. From 1978 to 1982 we were 
present at the site during the following periods: 
April to December 1978, March to December 
1979, March to December 1980, June to Decem- 
ber 198 1, and June to December 1982. 

TRAPPING 

Most adult anis were captured in traps that con- 
tained a pair of hand-raised lure birds (cf. Veh- 
rencamp 1978). Birds either entered the trap or 
were caught in monofilament leg nooses placed 
around the outside of the trap. A total of 269 
birds was captured: 27 in 1978, 110 in 1979,63 
in1980,3in1981,and66in1982.Wemeasured 
and banded each bird, and determined the sex 
and relative age. Sex was determined using mea- 
surements of weight and bill height (males tend 
to be larger; Vehrencamp 1978). Laparotomies 
were performed on birds whose measurements 
fell in the range of overlap. The birds were in- 
dividually marked with colored plastic leg bands. 
Because females were difficult to trap, most so- 
cial units were not completely banded. 

GENETICS 

We collected organ tissues and blood from 19 
birds in May 1978 and blood samples from 177 
birds in 1978 and 1979. Our initial electropho- 
retie analysis of 19 individuals for 3 5 loci yielded 
eight (23%) polymorphic loci. Three of these 
polymorphic loci were assayed from blood, but 
subsequent analysis of blood samples from 177 
individuals revealed no genetic variation. Our 
measures of genetic relatedness therefore are 
based on pedigrees, not electrophoretic data. 

BANDING AND CENSUSES OF YOUNG 

Nestlings were banded 5 to 6 days after hatching, 
with narrow bands of the same diameter as the 

adult bands. Weight and wing length were re- 
corded. The sex of nestlings was not determined. 
Bands were placed at this time because nestlings 
older than 6 days leave the nest if disturbed by 
humans or a predator. If undisturbed, young leave 
the nest about 10 days after hatching and spend 
10 to 15 days in the vegetation near the ground 
before becoming volant at about 20 days. 

We identified and counted banded young at 1 
month of age and irregularly thereafter during 
the remainder of the breeding season. At the end 
of the breeding season, all birds on each territory 
were identified. These final censuses were con- 
ducted in early December (1978, 1979), or be- 
tween mid-November and early December 
(1980-1982). The young of the year that were 
present and at least 1 month old during the final 
censuses are classified as independent young in 
our analyses. Young from clutches hatched very 
late in the breeding season, possibly facing rel- 
atively high rates of mortality, were thus exclud- 
ed from most analyses. In addition to the 196 
independent young, 14 birds remained in the 
study area but were not classified as independent 
young; nine had been too young at the time of 
the year-end censuses and five had not been ob- 
served in the censuses. 

DEFINITION AND MEASUREMENT 
OF DISPERSAL 

We define dispersal in this paper as the move- 
ment of individuals from their territories, ex- 
cluding temporary forays. Natal dispersal is the 
movement from a natal territory; breeding dis- 
persal is the movement of an adult from its 
breeding territory. Dispersers may die in the pro- 
cess of dispersing or may settle on a new territory, 
in which case they are called successful dispers- 
ers. Emigration and immigration refer to the 
movement of individuals out of and into the 
study area. 

Young anis can acquire breeding opportunities 
by remaining in their natal units or by dispersing. 
Censuses of independent young in their natal units 
during the nonbreeding season were conducted 
during March through July of 1979 and 1980. 
For independent young that dispersed success- 
fully within the study area, we determined the 
size of their breeding units and their breeding 
roles (for those in groups) during the first nesting 
attempt of their breeding unit. Breeding units 
comprise the breeding members of social units, 
and can be pairs or groups. 
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DISPERSAL DISTANCES 

Dispersal distances are presented as the number 
of territories moved, for successful natal dispers- 
ers that bred in the study area. The study area 
was limited in size and the surrounding area was 
not searched systematically for dispersers. The 
observed dispersal distribution, therefore, could 
be truncated and biased (Barrowclough 1978). 
To obtain a less biased estimate of the dispersal 
distribution for distances of zero to three terri- 
tories, we corrected the observed distribution by 
dividing the number of observations for each 
dispersal distance by an estimate of the proba- 
bility of detection for each. We estimated the 
probability of detection for each distance from 
the natal territory by calculating a weighted mean 
of the proportion of territories that were cen- 
sused for marked birds for that distance. The 
numbers of independent young produced on each 
territory during the Syear study were used as 
weights. The proportion of censused territories 
for each distance was obtained by dividing the 
number of censused territories by the number of 
territories, if we knew the territorial boundaries, 
or the number of territories in a packed hexag- 
onal arrangement, if we did not know all of the 
boundaries (the usual case). We used 6, 12, and 
18 as the number of territories at distances of 1, 
2, and 3 territories from a natal territory. The 
estimated probabilities of detection for distances 
of I, 2, and 3 territories were 0.65, 0.23, and 
0.18. Due to small sample sizes, the corrected 
frequencies of the two highest classes (2 and 3 
territories) were averaged and the mean frequen- 
cy (0.20) was used for both. 

RADIO TRACKING 

In 1979 and 1980,2 1 young birds were captured 
between 6 April and 24 May and fitted with min- 
iature radio transmitters (model SM- 1, AVM In- 
strument Company, Dublin, California). We 
captured birds by trapping groups known to have 
had young in the previous year and that still had 
a large number of birds present at the time. We 
usually trapped in groups with unmarked young, 
as we did not want to expose banded young to 
the risks ofcarrying radios. A radio was mounted 
on the back of each bird using a cloth harness 
(see Vehrencamp and Halpenny 198 1 for de- 
tails). Each bird was checked daily to determine 
the date ofdispersal. Due to technical difficulties, 
we were able to monitor dispersal from the study 

area by only one bird. Of the remaining birds 
with radios, six died due to complications of car- 
rying the radios, nine survived until July (after 
the dispersal season) in the groups in which they 
were captured, and five disappeared. 

BREEDING ROLE IN THE GROUP 

Adult members of ani groups differ in their be- 
havior during breeding attempts (Vehrencamp 
1977, Vehrencamp et al. 1986). Females can be 
distinguished based on the order in which they 
initiate laying in the first nest of the season. In 
a typical two-female group, one female lays one 
to four eggs before the second female begins to 
lay. Before laying, the second female visits the 
nest and rolls or tosses the eggs of the first female 
onto the ground. Only the eggs of the first female 
are tossed (Vehrencamp 1977). We determined 
laying order by observing females as they laid 
eggs and by characterizing the eggs ofeach female 
by measuring their length and greatest width and 
describing their shape and coloration. Based on 
these characteristics and periodic visits to nests, 
we determined laying order for nests for which 
we knew which eggs were tossed (the first layer’s 
eggs) or which egg was the first one not tossed 
(the second layer’s egg). Males were distinguished 
based on their nocturnal incubation behavior; 
one individual male in the group consistently 
incubates the eggs at night (Vehrencamp 1977). 
The nocturnal incubator was determined by 
watching nests at nightfall to see which bird was 
incubating and by watching nests at dawn to see 
which bird left the nest. 

ADULT DISAPPEARANCES 

Disappearances of adults may be due to death 
or breeding dispersal. We present a range of es- 
timated mortality rates for adults, depending on 
the criteria for attributing disappearances to death 
or breeding dispersal (Koford et al. 1986). The 
maximum estimated annual mortality rate of 34% 
was obtained when all disappearances of marked 
adults were attributed to mortality. When we 
attributed disappearances of entire social units 
to dispersal, we obtained an estimate of 28%. 
When we also attributed to dispersal the disap- 
pearances of mated pairs or of individuals after 
the prior disappearance of a mate, we obtained 
a minimum estimate of 22%. For comparisons 
of mortality rates of adults and young birds, we 
have used the intermediate figure of 28%, which 
is in the middle of the range and allows for some 
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breeding dispersal (see Results section on Breed- 
ing Dispersal). The annual mortality rate was 
calculated from separate estimates of mortality 
during the breeding and nonbreeding seasons. 
We calculated the intermediate estimate of mor- 
tality as follows: breeding season mortality = 17% 
(n = 433 bird years); nonbreeding season mor- 
tality = 13% (n = 25 1 bird years). The annual 
mortality rate, 28%, was calculated by taking the 
complement of the product of the seasonal sur- 
vival rates [l - (0.83 x 0.87)]. 

RESULTS 

DISAPPEARANCES DURING THE FIRST YEAR 

Most individuals disappeared during the breed- 
ing season in which they hatched. Of 399 birds 
banded as nestlings at about 5 days of age, 274 
(69%) disappeared before 30 days of age. Dis- 
appearances of young birds during the first 30 
days were presumably due to death rather than 
emigration from the study area, because the young 
cannot feed themselves during most of this pe- 
riod. The disappearance rate was much lower in 
the second month of life. Of 103 birds alive at 
30 days, seven disappeared before 2 months of 
age and 96 survived on their natal territories. 
This disappearance rate, about 7% per month, 
was not significantly different from the estimated 
adult mortality rate during the breeding season, 
about 3% per month (G = 2.94, P > 0.05). The 
disappearance rate was 4% per month for birds 
2 to 5 months old (four disappearances for 109 
bird months), which was not significantly differ- 
ent from the estimated monthly mortality rate 
for adults (G = 0.012, P > 0.9). We never saw 
a bird disperse successfully within the study area 
during the breeding season in which it hatched. 
The low disappearance rate of young birds more 
than 2 months old and the lack of observed dis- 
persal lead us to conclude that disappearances of 
young during the breeding season were virtually 
all due to death. 

Disappearances of birds during their first non- 
breeding season could have been due to death in 
their natal units or to dispersal. Those that dis- 
persed from their natal units may have joined 
new social units and obtained breeding positions 
(which we refer to as successful dispersal) or they 
may have died. To facilitate estimation of the 
relative amounts of death in situ and dispersal 
during this period, we restricted our analysis to 
independent young: birds that had survived the 
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FIGURE 1. Number of independent young that were 
in their natal units from the end of the breeding season 
(December) until early in the next breeding season, 
based on 40 and 20 independent young at the end of 
1978 and 1979, respectively. 

heavy mortality of the first month of life and 
survived at least to the end of the breeding sea- 
son. Very few independent young remained in 
their natal units at the end of the nonbreeding 
seasons of 1979 and 1980 (Fig. 1). At the end of 
March, the time of our first census during the 
nonbreeding season, 42% of the independent 
young were no longer in their natal units. Only 
12% of the independent young remained in their 
natal units at the beginning of the subsequent 
breeding season. Of the 53 birds that did not 
remain in their natal units, 45 disappeared from 
the study area, and eight dispersed successfully 
within the study area. 

Were disappearances of independent young due 
to death or dispersal? Most of the independent 
young (135 of 162, 83%) studied after 1978 were 
more than 2 months old at the end of the breed- 
ing season. Young birds of this age experienced 
the same mortality rate during the breeding sea- 
son as adults. We therefore assume that inde- 
pendent young that remained in their natal units 
during the nonbreeding season had the same sur- 
vival rate as adults during the nonbreeding sea- 
son (87%). Because only 12% of the independent 
young remained in their natal units (Table l), we 
estimate that at least 75% (87% - 12%) dis- 
persed. We estimate the percentage of dispersers 
that successfully obtained breeding positions in 
the section on Projected Dispersal Fates. 
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TABLE 1. Dispersal pattern of independent young the year after they hatched. Numbers and percentages of 
the number produced each year are shown. 

Year 

1972-1973 
1978-1979 
1979-1980 
1980-1981 
1981-1982 
Total 

Independent Disappeared from Dispersed successfully Remained in natal Remained in natal 
young produced study area in study area unit as breeder unit as nonbreeder 

34 26 (76%) 3 (9%) 4 (12%) 1 (3%) 
40 31 (78%) 4 (10%) 4 (10%) 1 (2%) 
20 14 (70%) 4 (20%) 2 (10%) 
45 39 (87%) 3 (7%) 3 (7%) 8 
57 38 (67%) 11 (19%) 2 (4%) 6 (10%) 

196 148 (75%) 25 (13%) 15 (8%) 8 (4%) 

NATAL DISPERSAL PATTERN 

The natal dispersal pattern for independent young 
was fairly consistent among years (Table 1). Of 
the 12% of the independent young that remained 
in their natal units, two-thirds had mates and 
either bred or attempted to breed. We have ana- 
lyzed these cases more fully in the sections on 
sex bias, breeding roles, males in their natal units, 
and relatedness. Eight independent young re- 
mained in their natal units as nonbreeding help- 
ers (Table 1). We observed six additional cases 
of nonbreeding helpers among individuals that 
had been too young to be classified as indepen- 
dent young the previous December. Many ofthese 
very young birds appear to have postponed dis- 
persal for a year, as none of the four for which 
we had 2 years of data remained in its natal unit 
a second year. In contrast, individuals that bred 
in their natal units sometimes bred there in sub- 
sequent years as well. Of nine natal unit breeders 
for which we had data for two or more years, 
four were in their natal units or on their natal 
territories for at least two breeding seasons, two 
dispersed successfully within the study area in 
the second year and three disappeared. 

Of the 48 independent young that remained 
in the study area in the year after they hatched, 
25 dispersed successfully from their natal sites 
(Table 1). We presume that they all obtained 
breeding positions in their new social units. 
Nineteen are known to have bred. We did not 
observe the other six closely enough to determine 
whether they bred or not. Birds usually dispersed 
individually. Nest mates of the same age were 
never known to disperse together, as is common 
in some other communal breeders (Koenig and 
Pitelka 1979). 

Individuals sometimes returned to their natal 
units after first dispersing. Two of the 25 (8%) 
successful dispersers, and four independent young 

that disappeared from the study area, returned 
to their natal units during the same breeding sea- 
son or during the subsequent nonbreeding sea- 
son. At least three of the six that returned bred 
in their natal units during the next breeding sea- 
son. Only one individual first attempted to breed 
in its natal unit and later, in the same breeding 
season, dispersed successfully within the study 
area. 

We documented one case of long-distance em- 
igration. This case is not included in Table 1 
because the individual did not meet our criteria 
for classification as an independent young. A fe- 
male disappeared from her natal area 1 week 
after she received a radio in 1979. Five days later 
her radio signal was detected outside the study 
area, and 5 days after that we found her in a 
group of four about 6 km from her natal area. 
She behaved as though she was paired and we 
observed no aggressive behavior toward her. 
When observed 17 days later, she again appeared 
to be a member of the group and we removed 
her radio. 

SEX BIAS 

Most of the independent young that remained in 
the study area were males (Table 2). We tested 
the expectation that equal numbers of males and 
females bred in their natal units and dispersed 
within the study area. More males than females 
bred in their natal units (x2 = 5.63, df = 1, P < 
0.05) and dispersed successfully within the study 
area (x2 = 5.78, df = 1, P < 0.05). The tendency 
to remain in the natal unit as a nonbreeder was 
similar for the two sexes. If the sex ratio among 
independent young in December was 1: 1, then 
more females than males disappeared, suggesting 
that more females than males emigrated from 
the study area. 
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PROJECTED DISPERSAL FATES 

Ideally, in a study ofdispersal, one wants to know 
the fate of all or most of the dispersers. If all 
cases of successful dispersal are not observed, a 
demographic model can be used to estimate the 
proportion of young birds with each of several 
possible dispersal fates. We probably did not ob- 
serve all cases of successful dispersal of birds 
banded in the study area. An indirect method 
for determining whether some birds dispersed 
successfully from the study area (i.e., emigrated) 
is to look for evidence that some birds immi- 
grated and bred. Two lines of reasoning suggest 
that some birds did immigrate. Direct estimation 
of the immigration rate was not possible because 
few of the breeding units were completely band- 
ed. The population was fairly constant in size 
from year to year; for areas studied from 1978 
to 1982, the total number of birds censused early 
in the breeding season had a coefficient of vari- 
ation of 6.7% (Koford et al. 1986). A constant 
population size implies that breeding openings 
created by deaths of adult birds were filled each 
year. The number of independent young that re- 
mained as breeders in the study area was not 
sufficient to fill all available openings (see below). 
Immigrants, therefore, must have entered the 
population. The second line of reasoning con- 
cerns the sex bias among individuals that re- 
mained in the study area. Because there was no 
difference in breeding season mortality rates for 
males (0.17; n = 270 bird years) and females 
(0.16; n = 163 bird years; G = 0.087, P > OS), 
we expect the number of breeding openings cre- 
ated by adult mortality to be equal for males and 
females. Equal numbers of males and females 
should have filled the breeding openings each 
year. However, only 12% of the first-time breed- 
ers banded as young were females (Table 2). Many 
of the new female breeders in the population 
therefore must have been recruited from outside 
the study area. If, as these two lines of reasoning 
suggest, individuals have immigrated into the 
study area and bred, and if the population in the 
study area was in equilibrium with the surround- 
ing population, then the number of immigrants 
would be balanced by an equal number of emi- 
grants that bred elsewhere. 

To estimate the fates of dispersers, we first 
estimated the proportion of independent young 
that bred the year after they hatched. This pro- 
portion was estimated by determining the num- 

TABLE 2. Dispersal pattern of independent young 
the year after they hatched, for those that remained in 
the study area, by sex. 

Dispersal class Males Females 

Dispersed successfully in study 
area 21 4 

Remained in natal group as breeder 14 1 
Remained in natal group as 

nonbreeder 1 1 
Total 36 6 

ber of breeding openings created by adult mor- 
tality and the number of independent young 
available to compete for breeding positions. In 
a breeding population of constant size, young 
birds can breed only if openings are available. 
For this estimate, we assumed that the individ- 
uals that emigrated from our study population 
entered a population with the same annual rate 
of adult mortality that we estimated for our pop- 
ulation, 28%. This assumption was supported by 
our finding that breeding season mortality did 
not vary among years (Koford et al. 1986). We 
based our calculations of the number of young 
competing for breeding positions on estimates of 
reproductive success. Koford et al. (1986) found 
that for 1978 to 1982, the numbers of indepen- 
dent young produced per adult were 1.19, 0.35, 
0.29,0.58, and 0.25, respectively. There was sig- 
nificant heterogeneity among years and the val- 
ues were not distributed normally. We therefore 
summarized these values by the geometric mean, 
0.45 young/adult. If we assume that the sex ratio 
of independent young was 1: 1, then for both males 
and females 45 independent young competed for 
every 28 breeding positions. On average, the pro- 
portion of the independent young that would be 
expected to breed the year after they hatched was 
0.62 (28/45). 

We estimated the fates of all independent young 
(Table 3). In making these estimates we used the 
following procedure for each sex. First we as- 
sumed that 98 of the 196 independent young 
were males and 98 were females. The proportion 
expected to have dispersed successfully outside 
the study area was calculated by subtracting the 
observed sex-specific proportions that bred in 
the study area (based on the data in Tables 1 and 
2) from the overall proportion of independent 
young expected to fill breeding openings (0.62, 
see above). For example, for males, the propor- 
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TABLE 3. Estimated distribution of dispersal fates of 
independent young the year after they hatch, based on 
a demographic model (see text). 

Breeder in the natal unit 
Successful dispersal within the 

M&S FUll&S 

0.14 0.01 

study area 
Successful dispersal out of the 

0.21 0.04 

study area 0.27 0.57 
Nonbreeder in the natal unit 0.04 0.04 
Death 0.34 0.34 

tion of independent young that bred in their natal 
units was 0.14 (14/98; Tables 1 and 2) and the 
proportion that dispersed successfully within the 
study area was 0.2 1 (2 l/98; Tables 1 and 2). The 
proportion that dispersed successfully outside the 
study area was estimated to be 0.62 - (0.14 + 
0.21) = 0.27. Similar calculations were per- 
formed for females (Table 3). Of the remaining 
proportion that did not breed the year after they 
hatched, some remained in their natal units as 
nonbreeders and we presume that the rest died. 
For both males and females, we estimated the 
proportion that remained in their natal units as 
nonbreeders to be 0.04 (4/98). In most cases we 
did not know the sex of the nonbreeders. Because 
we found no sex bias among natal unit nonbreed- 
ers (Table 2), we have divided the eight inde- 
pendent young in this category (Table 1) equally 
into males and females. We presume the re- 
maining proportion, 0.34, of the independent 
young of each sex died. 

We now return to a question posed earlier and 
estimate the percentage of dispersers that suc- 
cessfully obtained breeding positions. We have 
estimated the proportions of independent young 
that dispersed successfully (Table 3). The esti- 
mated proportion that died (0.34, Table 3) may 
have done so while dispersing or while on their 
natal territories. If they all died while dispersing, 
then 59% (27% + 21%)/(27% + 21% + 34%) of 
the independent young males that left their natal 
territories dispersed successfully, and 64% (57% 
+ 4%)/(57% + 4% + 34%) of the independent 
young females that dispersed were successful. It 
is more likely that some independent young died 
on their natal territories and never dispersed. In 
the section on Disappearances During the First 
Year, we stated that we expected independent 
young in their natal units to have a mortality rate 
of 13% during the nonbreeding season. If 13% 

of the independent young died on their natal 
territories, then 21% (34% - 13%) of the inde- 
pendent young would have died while dispersing. 
Using this minimum estimate of mortality dur- 
ing dispersal, we estimate that 70% (27% + 2 lo/o)/ 
(27% + 21% + 21%) of the independent young 
males that dispersed were successful, and 74% 
(57% + 4%)/(57% + 4% + 21%) of the inde- 
pendent young females that dispersed were suc- 
cessful. 

Our estimates (Table 3) indicate that an in- 
dependent young female was about twice as like- 
ly to breed outside the study area as was an in- 
dependent young male. Considering only those 
independent young that obtained breeding po- 
sitions, we estimate that 44% of males and 92% 
of females dispersed successfully outside the study 
area, 34% of males and 6% of females dispersed 
successfully within the study area, and 22% of 
males and 2% of females remained in their natal 
units. 

Due to the wide range of annual variability in 
reproductive success, there was annual variation 
in the percentage of young birds that would be 
expected to breed. In years of low reproductive 
success, most or all of the independent young 
would be expected to breed. In the year with the 
highest reproductive success we observed, ap- 
proximately 24% of the young birds would be 
expected to breed. 

NATAL DISPERSAL DISTANCES 

The distribution of natal dispersal distances, from 
natal unit to the site of the first breeding attempt, 
is shown in Figure 2 for independent young that 
bred in the study area the year after they hatched. 
Figure 2 also shows a corrected dispersal distri- 
bution, which is a better estimate of the true 
dispersal distribution for distances of three ter- 
ritories or less. The fact that the corrected dis- 
tribution does not approach zero for the longest 
observed dispersal distance indicates that the en- 
tire dispersal distribution was not observed (Bar- 
rowclough 1978). Although we do not know the 
shape of the dispersal distribution beyond three 
territories, we estimated how much of the dis- 
tribution was in that part by using information 
from independent young. We estimate that 62% 
of the independent young bred the year after they 
hatched (see section on Projected Dispersal Fates). 
There were 162 independent young from 1978 
to 1982, of which we estimate that 101 (0.62 x 
162) bred the year after they hatched. The cor- 
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rected distribution indicates that 32 of these 10 1 
individuals may have dispersed one to three ter- 
ritories and gone undetected. The sum of this 
number and the 33 individuals that were ob- 
served zero to three territories away is 65, sug- 
gesting that 36 (10 1 - 65) individuals may have 
dispersed successfully beyond three territories. 

Most (18/22) of the individuals observed one 
to three territories from their natal territories 
were males (Fig. 2). We calculated corrected dis- 
tributions for each sex, using the detection prob- 
abilities as above. We estimate that 4 1 males and 
13 females bred one to three territories away. 
The sum of 41 and the 10 males that bred on 
their natal territories is 5 1, which is approxi- 
mately the number of males that would have 
been breeding independent young if the sex ratio 
were 1: 1. We conclude that virtually all of the 
young that dispersed successfully more than three 
territories were females. We estimate that 72% 
([l.O - (14/50.5)] x 100) of the female inde- 
pendent young breeding the year after they 
hatched were more than three territories from 
their natal territories. 

The dispersal distribution (Fig. 2) is based on 
the independent young that bred the year after 
they hatched. This distribution is not a complete 
representation of natal dispersal distances for all 
birds because two classes of individuals are not 
included. The first class is the independent young 
that were nonbreeders in their natal units the year 
after they hatched. We had breeding information 
from only one of these, a female that eventually 
bred on her natal territory. The second class is 
the adults that had been banded as nestlings but 
were not classified as independent young. Eight 
of these were known to breed eventually. Three 
either bred on their natal territories or dispersed 
successfully one territory (we could not tell which 
because the adults in the parental units were not 
banded), four dispersed successfully one terri- 
tory, and one dispersed successfully two terri- 
tories. In the absence of more complete infor- 
mation about dispersal distances of birds that 
first become nonbreeders and those that hatch 
late in the breeding season, we consider Figure 
2 representative of the natal dispersal distribu- 
tion for distances of zero to three territories for 
all birds. 

BREEDING ROLES OF FIRST-TIME BREEDERS 

Of 21 independent young males that dispersed 
successfully within the study area, 13 bred in 

25 

0 1 2 3 
TERRITORIES MOVED 

FIGURE 2. Observed distribution of natal dispersal 
distances of independent young and a corrected dis- 
tribution based on the probability of detection. The 
corrected distribution pools the t&o longest dispersal 
distances. We estimate that this truncated distribution 
includes 65% of the young that bred the year after they 
hatched. 

groups and eight bred in pairs. The breeding role 
was known for six of the group-breeding males; 
four were nocturnal incubators and two were not 
nocturnal incubators. Of the 14 males that bred 
in their natal units, we knew the breeding role 
for six; none was a nocturnal incubator. Although 
our sample was small, these data suggest that the 
role of a male breeding for the first time was 
influenced by whether or not he was in his natal 
unit. 

The breeding role was unknown for the one 
long-distance female disperser. The four females 
that dispersed successfully within the study area 
all bred in groups. Two were the first layers, and 
for two laying order was unknown. Only one 
female bred in her natal unit the year after she 
hatched. She was the first layer in a nesting at- 
tempt monitored in December, but we were un- 
able to confirm laying order during her first nest- 
ing attempt of the season. 

MALES THAT BRED IN THE NATAL UNIT 

Males bred in their natal units in two situations, 
either following the disappearance of a breeding 
male or when a breeding unit increased in size 
without the prior disappearance of a breeding 
male. We analyzed 23 cases in which a group 
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TABLE 4. Values of Wright’s coefficient of relation- 
ship, r, for male and female first-time breeders in var- 
ious breeding situations. r,, is the average relationship 
between a young bird and the other group members; 
rMM is the average relationship between all group mem- 
bers. 

category 

Males 
n 3 6 22 
ryM 0.33 o-O.33 0 o.03w.25 
rMM 0.25 O-O.17 0 0.02-0.15 

Females 
n 
ryM 
rMM 

0 4 
06.33 A25 
O-O.25 : 0:15 

male disappeared. In nine cases young were 
available within the unit because reproduction 
had been successful the previous year. A young 
male remained in the natal unit in four of these 
cases. Of the five cases in which no young male 
remained in the natal unit, two of the units dis- 
banded. In the remaining three cases, no male 
joined the unit. We usually did not know the sex 
of young birds, and it is possible that no young 
male was available in some of these five cases. 
In 14 of the 23 cases, the unit did not produce 
young that survived until the end of the breeding 
season. Males from outside the unit joined as 
breeders in five of these 14 cases and in one case 
a male that had dispersed the previous year re- 
turned to his natal unit as a breeder. 

In six cases independent young males re- 
mained in their natal units without the prior dis- 
appearance of a breeding male. This behavior 
depended on the initial unit size. Of six simple 
pairs that had independent young available at 
the end of the breeding season, three (50%) re- 
tained a young male as a breeder the following 
year and increased the unit size to two pairs. In 
the 19 cases of units of two pairs with indepen- 
dent young, young males remained in the natal 
unit three (16%) times. In the five cases of three- 
pair units with independent young, unit size nev- 
er increased as a result of young males remaining 
in the natal unit. These data suggest that a male 
offspring is likely to remain and breed in situa- 
tions in which the older breeders are willing to 
accept a new breeding male and male offspring 
of the unit are available. 

MEASUREMENTS OF RELATEDNESS 

We calculated the level of relatedness among unit 
members for breeding units that contained band- 
ed birds, using Wright’s coefficient of relation- 
ship, Y (Wright 1922). In breeding units that con- 
tained banded birds that bred in their natal units, 
we calculated (Brown and Brown 198 1) both the 
average relationship between the natal-unit 
breeder and the other unit members (Y,,) and 
the average relationship between all breeding unit 
members (rMM). The average coefficient of rela- 
tionship depends on the circumstances in which 
a bird remains in its natal unit. The three im- 
portant factors are the number of breeding pairs 
in the natal unit, whether unit size increased as 
a result of the young bird remaining in the natal 
unit, and whether the young bird’s mate came 
from within the unit or not. 

In most cases rMM was lower than ruM, because 
the mates of first-time breeders usually were 
known or assumed to be unrelated to the other 
members ofthe unit (Table 4). The highest values 
of r,, and r,, occurred when young birds re- 
mained with a parental pair and obtained a mate 
from outside the social unit. High values of r,, 
and rMM also occurred when an individual bred 
in its natal unit and obtained a mate from within 
the unit-possibly a parent. Because a young bird 
in this situation would have come from a joint 
clutch, we did not know which adults were its 
parents, and the range of values reported for cat- 
egory 2 in Table 4 indicates this uncertainty. If 
an individual bred on its natal territory but ob- 
tained a mate from outside the unit, the coeffi- 
cient of relationship would be lower than the 
maximum indicated for category 2. It is even 
possible that a bird would breed in its natal ter- 
ritory but be unrelated to all other unit members 
if its parents were no longer in the unit. 

Most birds that dispersed successfully within 
the study area were unrelated to the other birds 
in their breeding units. The 12 males that dis- 
persed and bred in pairs never were known to 
be related to their mates. An additional 10 males 
and four females dispersed to join breeding units 
of three or four birds. In most cases these birds 
bred with unbanded birds that, most likely, were 
unrelated to the disperser. If related, they prob- 
ably would have been distant relatives or sibs 
from a different year. It is possible that, although 
unrelated to a banded disperser, some of the un- 
banded group members may have been related 
to each other. If so, then r,, for these units (cat- 
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egory 3) may have been greater than zero. In one 
case, two males produced by a group in different 
years dispersed successfully and bred together in 
the same unit. Because these birds were produced 
from joint clutches, we do not know whether or 
not they were sibs. 

Finally, we have estimated that many females 
dispersed successfully outside the study area. It 
is most likely that all of these birds were unre- 
lated to all members of the units they joined. 

INBREEDING 

We detected two cases in which inbreeding may 
have occurred. The first involved a male that 
remained in his natal unit as a breeder following 
the disappearance ofan adult male, and that mat- 
ed with the “widowed” adult female (Table 4, 
category 2). This young bird had hatched from 
a joint clutch produced by two females. If the 
female he mated with was his mother, the re- 
sulting offspring were inbred. The newly com- 
posed group remained stable for the next four 
breeding seasons and produced several successful 
clutches. The second case of possible inbreeding 
involved three sibs, two males and one female, 
produced by one pair (Table 4, category 4). Two 
breeding seasons later, after both the parents had 
disappeared, the unit consisted of the two broth- 
ers, their two immigrant female mates, and the 
sister. This unit of five produced at least two 
clutches of eggs. The sister was gravid during one 
of the nesting attempts (the lower abdomen of 
an ani female about to lay an egg has a charac- 
teristic bulge). We conclude that sib-sib mating 
occurred in this unit. Young were fledged by this 
unit, but whether any were from the sib mating, 
and hence inbred, is unknown. 

BREEDING DISPERSAL 

How do natal dispersal distances in anis com- 
pare with the distances in other cooperative 
breeders? Without knowing the complete dis- 
persal distribution of the anis hatched in our 
study area, we cannot make direct interspecific 
comparisons of the distributions of distances 
moved by successful dispersers. We can, how- 
ever, make two indirect comparisons: the esti- 
mated percentage of young that bred outside the 
study area and the estimated percentage of suc- 
cessful dispersers that moved farther than three 
territories. The problems inherent in making these 
two comparisons should not preclude us from 
making them, as long as the results are inter- 
preted cautiously. We realize that the percentages 
of young that breed outside study areas are not 
strictly comparable between studies because study 
areas differ in size and shape. Our main study 
area, however, was similar in territory dimen- 
sions to the three study areas discussed below. 
The estimated movements of successful dispers- 
ers were based on estimated detection nrobabil- 
ities and on an estimate of the proportion of 
young that bred the year after they hatched. 

Two of the most detailed accounts of dispersal 

Most birds remained in the same social unit for 
several years, but some banded adults moved 
among units. Over the 4-year period 1978 to 
1982, during which we monitored 3 12 bird years, 
we recorded 29 banded adults moving between 
units (13 females, 16 males). At least half of these 
movements were preceded by the disappearance 
of the bird’s mate. The observed annual breeding 
dispersal rate of 9% provides a minimum esti- 
mate, as it is possible that some of the banded 
adults that disappeared dispersed successfully 
outside of our study area. 

in cooperative breeders are for the Stripe-backed 
Wren, Campylorhynchus nuchalis (Rabenold 
1985) and the Florida Scrub Jay, Aphelocoma 
coerulescens (Woolfenden and Fitzpatrick 1984). 
In both studies, the investigators searched for 
successful dispersers outside the study areas. 
Rabenold (1985) found in 5 years of study that 
9% of the male and 2 1% of the female first-time 
breeders that had been banded in his core study 
area bred outside the area. He was confident that 
he found most dispersers because of his method 
of censusing and the fact that the number of em- 

DISCUSSION 

DISPERSAL DISTANCES 

The Groove-billed Ani population we studied 
was characterized by a high rate of disappearance 
(75%) of prereproductive birds from the study 
area during the nonbreeding season. We attribute 
these disappearances mostly to dispersal from 
natal units and subsequent emigration from the 
study area or death within the area. Dispersers 
apparently had a higher mortality rate than non- 
dispersers during the nonbreeding season, but we 
do not know how many dispersers died within 
and outside the study area. We estimate that many 
dispersers, especially females, left the study area 
and bred elsewhere. 
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igrants from the core area was approximately 
equal to the number of immigrants. Only 5% of 
males and 8% of females dispersed successfully 
more than two territories from their natal ter- 
ritories (data for more than three territories were 
not given). Woolfenden and Fitzpatrick (1984) 
found that 2% of the banded males and 17% of 
the banded females that obtained breeding po- 
sitions were outside the study area. During their 
study the rates of immigration and emigration 
were virtually identical. They found that 4% of 
the males and 28% of the females successfully 
dispersed more than three territories from their 
natal territories. 

In studies in which the habitat surrounding the 
study area is not searched for successful dispers- 
ers, one can still observe a part of the dispersal 
distribution and estimate what proportion of the 
complete distribution is observed. The common 
assumptions in these studies are that the number 
of emigrants equals the number of immigrants 
and that emigrants from the study area move to 
a population that is demographically identical to 
the one they left. To illustrate the power of these 
assumptions, we used the method outlined by 
Woolfenden and Fitzpatrick (1984:276) and their 
data (appendix M) to calculate that one male and 
nine females would be expected to have dis- 
persed successfully outside their study area. They 
detected one male and eight females outside the 
area. 

Koenig and Mumme (1987) were unable, as 
we were, to observe the complete dispersal dis- 
tribution. In their study of Acorn Woodpeckers 
in California, they estimated that, of those birds 
that obtained a breeding territory, approximately 
40% of males and 69% of females did so outside 
the study area. We estimated that for anis that 
bred the year after they hatched, 44% of males 
and 92% of females were outside the study area. 
For both species, the estimated rates of successful 
dispersal outside the study area are much higher 
than for the wrens and jays discussed above. We 
estimated for anis that no males and 72% of the 
females that bred the year after they hatched were 
more than three territories from their natal ter- 
ritory. Koenig and Mumme (1987) did not pro- 
vide comparable estimates for the Acorn Wood- 
pecker. We conclude that natal dispersal distances 
of female anis hatched in our study area tended 
to be greater than the distances moved by the 
male and female wrens and jays discussed above. 

Male anis were philopatric, remaining in or 

near their natal territories more frequently than 
did females. We estimated that all young that 
bred the year after they hatched that were farther 
than three territories away from their natal sites 
were females. Differential dispersal between the 
sexes has been found for many other species of 
birds (Greenwood 1980, Greenwood and Harvey 
1982). Several factors have been proposed to ex- 
plain patterns of male philopatry and female- 
biased dispersal in birds. Greenwood (1980) 
reviewed these factors and concluded that the 
evidence best supported the hypothesis that male 
philopatry occurs because males defend a terri- 
tory, and hence gain an advantage by competing 
for this resource in a familiar area. This hypoth- 
esis may explain male philopatry in the Groove- 
billed Ani, in which males are more active than 
females in defending the territory (Vehrencamp 
1978). Competitive interactions among individ- 
ual birds may influence which individuals, both 
male and female, disperse from the natal unit 
and which remain near the natal territory. The 
Oedipus hypothesis (Liberg and von Schantz 
1985) is an alternative explanation for female- 
biased dispersal. Liberg and von Schantz (1985) 
proposed that adult females are responsible for 
driving their daughters from the natal territory 
to prevent brood parasitism. The fact that ani 
females allow unrelated females to enter the 
breeding unit and nest jointly suggests that the 
Oedipus hypothesis does not explain female- 
biased dispersal in anis. 

GROUP COMPOSITION AND RELATEDNESS 

The dispersal pattern in anis indicates that many 
young birds were breeding with unrelated birds. 
Almost all females bred outside their natal units. 
Young males that remained in their natal units 
took mates from outside the group. It is likely 
that some groups consisted entirely of unrelated 
birds. Over 60% (13/2 1) of the males that dis- 
persed and bred within the study area were in 
groups. We observed a few cases of simple pairs 
coalescing to form a group of two pairs. It is likely 
that in most of these cases the birds involved 
were unrelated, although the limited duration of 
our study may have prevented detection of some 
cases involving related birds. 

One consequence of the observed dispersal 
pattern was that young males were related to 
group members more often than were young fe- 
males. We observed three cases of pairs allowing 
a male offspring and his unrelated mate to join 
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the breeding unit the next year. In cases where 
a male remained in his natal group after an adult 
male disappeared, the new group consisted of 
one or both parents, plus one or both members 
of the other breeding pair from the previous year, 
usually with an immigrant female mate for the 
young male. If the original group had consisted 
of a pair and their son, the new young male would 
be related to most of the older birds in the group. 
We observed only two cases of sibs breeding to- 
gether, although it is possible that short distance 
dispersals of offspring from successive years into 
the same group could result in related birds 
breeding together. Inbreeding may have occurred 
in this population of Groove-billed Anis, but it 
was uncommon, as has been found for other co- 
operative breeders (Brown and Brown 198 1, 
Koenig et al. 1984, Woolfenden and Fitzpatrick 
1984, but see Rowley et al. 1986 for a contrasting 
example). 

that remain on a territory for several years prob- 
ably will contain relatives. Vacancies created 
during a year in which at least one young male 
is available within the group will often be filled 
from within. Because of the variability among 
breeding units in the amount of relatedness among 
group members in the anis, it is not yet possible 
to compare quantitatively the overall average de- 
gree of relatedness among the breeders in ani 
groups to the average for other communal species. 
The maximum r,, for anis (0.25) is similar to 
that found for Gray-breasted Jays, Aphelocoma 
ultramarina (rMM = 0.22; Brown and Brown 
1981). 
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