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Summary. To investigate ecological influences on 
cooperative social organization, I studied the four 
allopatric species of mockingbirds (Nesomimus 
spp.) endemic to the Galfipagos archipelago on 
four islands. On three small, low and arid islands 
(Genovesa, Champion and Espafiola), mock- 
ingbird territories filled all terrestrial habitat, mean 
group size varied from 4.5 to 14.2 adults, maxi- 
mum group size ranged from seven to 24 birds, 
and 70-100% of groups contained more than two 
birds. San Crist6bal is larger and higher, and it 
supports a broader range of habitats. At one high- 
land and two coastal sites on this island, mock- 
ingbirds did not hold territories in all available 
habitats, group size averaged 2.2 adults, only 25% 
of groups were larger than two, and none included 
more than three adults. Adults dispersed into va- 
cant habitat to establish new territories only on 
San Crist6bal. Helping behavior has not yet been 
observed on San Crist6bal, but it occurs on the 
other three islands. These results support the hy- 
pothesis that social groups and cooperative breed- 
ing are maintained where limited availability of 
preferred habitat constrains dispersal. The mecha- 
nism relaxing habitat saturation on San Crist6bal, 
however, remains undetermined. Predation by in- 
troduced rats and cats may reduce survival and 
indirectly reduce group size; these predators are 
absent from Genovesa, Champion and Espafiola. 
Differences in food supplies could also affect inter- 
and intra-island variation in population density. 
Variation in social organization among arid coast- 
al sites on the four islands, and similarity between 
climatically different sites on San Crist6bal, sug- 
gest that climatic conditions are less important as 
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determinants of dispersal and breeding. Skews in 
adult sex ratios also fail to account for inter-island 
variation in sociality. Although they live in a cli- 
matically variable environment, territorial behav- 
ior and the physical limits of suitable habitat have 
an overriding influence on cooperative social orga- 
nization in GalApagos mockingbirds. 

Introduction 

Cooperative breeding occurs when more than two 
individuals participate in reproduction (Emlen and 
Vehrencamp 1983) and some individuals act as 
helpers, caring for young other than their own off- 
spring (Brown 1987). A central question about co- 
operative breeding concerns the mechanisms of 
natural selection by which helping has evolved. 
Among birds, however, helping is usually per- 
formed by young nonbreeders remaining in their 
natal social groups (see Stacey and Koenig 1989). 
Delayed dispersal and breeding therefore can be 
considered preconditions for the development of 
cooperative breeding. (Delayed breeding by itself, 
however, is not always a prerequisite: breeders can 
also act as helpers if groups contain more than 
two breeders [Brown and Brown 1980; Faaborg 
and Patterson 1981; Curry 1988a, b]). To under- 
stand how cooperative breeding systems are main- 
tained, it is therefore necessary to determine how 
ecological factors, by favoring delays in dispersal 
and breeding, cause stable social groups to persist. 
Why birds help, once their dispersal and breeding 
have been delayed, can be considered a partially 
independent question (Brown 1987; Koenig and 
Mumme 1987; Curry 1988 a). 

Ecological variables ultimately can operate 
only through effects on demography: individuals 
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must gain higher lifetime inclusive fitness by delay- 
ing dispersal than by leaving their natal groups 
(Brown 1978, 1987; Emlen 1982; Stacey and Ligon 
1987). Five hypothesized mechanisms have been 
central to discussions of cooperative breeding. (1) 
Limited availability of different habitats, and the 
territorial behavior of established breeders, could 
prevent some individuals from gaining high quality 
breeding space (Selander 1964; Brown 1969, 1974, 
1978). Individuals would remain in their natal 
groups if the odds of surviving or reproducing (or 
both) were sufficiently low in alternative 'mar- 
ginal' habitats (Koenig and Pitelka 1981; Emlen 
1982; Zack and Ligon 1985a). Numerous factors, 
including resource levels or predation risk could 
determine habitat quality (Brown 1987; Ford et al. 
1988). (2) Variation in food supplies among breed- 
ing seasons, combined with age- or status-depen- 
dent skill or competitive ability, could make breed- 
ing during food shortages prohibitively difficult for 
some individuals, and favor their retention in a 
group (Orians et al. 1977; Brown 1978, 1987; Em- 
len 1982). (3) Stable resource levels, as might result 
from reduced seasonality, could contribute to a 
breeding delay by increasing the survival of estab- 
lished breeders (Brown 1978, 1987; Woolfenden 
and Fitzpatrick 1984; Ford etal. 1988). (4) A 
shortage of mates could prevent some individuals 
from breeding (Rowley 1965; Brown 1978; Emlen 
1978, 1982, 1984). (5) Living in a group could be 
confer large direct or indirect fitness benefits 
(Brown 1980) not available to individuals dispers- 
ing to breed independently (Brown 1978, 1987; 
Emlen 1978, 1982; Stacey and Ligon 1987). Non- 
dispersers could gain by increasing their group's 
reproductive performance (Rabenold 1984), or its 
ability to defend space (Craig 1984), to detect or 
deter predators (McGowan and Woolfenden 
1989), or to capture prey (Bednarz 1988). Remain- 
ing in a group could also be the only way for indi- 
viduals to gain access to essential localized re- 
sources (Stacey and Ligon 1987). 

A powerful way to investigate ecological influ- 
ences on cooperative breeding is to compare close- 
ly related populations in different environments 
(e.g., Trail 1980; Reyer 1980; Zack and Ligon 
1985b). This paper reports on a study of inter- 
and intra-specific variation in social organization 
of Galfipagos mockingbirds (Nesomimus spp.). 
This endemic genus is closely allied to mock- 
ingbirds (Mimus spp.) of mainland America and 
the Caribbean. The four allopatric species of Neso- 
mimus differ in plumage and morphology (Swarth 
1931; Abbott and Abbott 1978), in displays and 
song (Gulledge 1970; Bowman and Carter 1971), 

and in some foraging techniques (Bowman and 
Carter 1971 ; Curry and Anderson 1987). Galfipa- 
gos mockingbirds are permanently territorial 
(Hatch 1966; Grant and Grant 1979). Most envi- 
ronments they inhabit are highly seasonal and are 
subject to large and unpredictable variation in cli- 
matic conditions among years (Grant and Boag 
1980; Grant 1985). Cooperative breeding in N. 
parvulus has been the subject of long-term study 
on Genovesa (Grant and Grant 1979; Kinnaird 
and Grant 1982; Curry and Grant 1989a, b) but 
social organization in other populations has not 
been examined previously. 

I investigated mockingbird social organization 
on four islands (Genovesa, Champion, Espafiola, 
and San Crist6bal). To control partially for annual 
variation in climatic conditions, I collected data 
on all islands during a single year. My primary 
purpose was to seek correlations between social 
organization and ecological characteristics of the 
different sites. I also made the following general 
predictions. From hypothesis (1) above, I predicted 
that differences in the habitats available on the 
four islands would produce variation in social or- 
ganization. Of the four islands, only San Crist6bal 
supports a broad range of habitats; I expected 
mockingbirds there to have more dispersal oppor- 
tunities and to be less social than on the other 
islands. From hypothesis (2), I expected little varia- 
tion in social organization among arid lowland 
sites, because such sites throughout the archipelago 
experience similar climatic conditions in each year 
(Grant and Boag 1980). Hypothesis (2) also pre- 
dicted that birds in the seasonal and annually vari- 
able lowlands, where harsh conditions should fa- 
vor an increase in delayed breeding, would be more 
social than those in the comparatively aseasonal 
highlands; hypothesis (3) made the opposite pre- 
diction. I expected, from hypothesis (4), that differ- 
ences in adult sex ratio among the populations 
would affect group size by influencing the propor- 
tions of birds obtaining mates. Among the numer- 
ous possible predictions of hypothesis (5), I tested 
whether groups were larger on islands with greater 
risk from predators (Ford et al. 1988). 

Methods 

Study sites and periods of observation 

The four islands included in the study differ in 
size, altitude, and diversity of vegetation zones (Ta- 
ble 1). Genovesa, Espafiola, and Champion are 
low and relatively small; each supports only xero- 



Table 1. Characteristics of islands and mockingbirds (Nesomimus spp.) studied 

Island ~ Genovesa Champion Espafiola San Crist6bal 

149 

Area (km 2) 17.4 0.1 58.0 552.0 

Altitude (m) 76 46 198 715 

Vegetation Zones Littoral, Arid Littoral, Arid Littoral, Arid Littoral, Arid, 
Transition, Sealesia, 
Miconia, Fern/Sedge 

Mockingbird species b N. parvulus N. trifasciatus N. macdonaldi N. melanotis 

Winglength(mm) ~ 118.0_+0.2 110.1_+0.1 125.9_+0.5 116,8+0.3 125.0_+0.2 115.2_+0.3 114.5_+0.5 106.6_+0.3 

Bill length (ram) ~ 20.3-+0.1 19.6_+0.1 20.4_+0.2 20.0_+0.1 24.1 _+0.1 23.0_+0.1 t7 .6+0. l  16.6-t-0.1 

Mass (g) 56.2_+0.4 51.2_+0.3 65.7_+0.7 59,8_+0.5 76.1_+0.4 64.8_+0.6 53.2+0.6 48.0_+0.7 

n 150 178 33 54 140 77 27 18 

Island areas, altitudes, and zonation from Wiggins and Porter (1971); Scalesia, Miconia, and fern/sedge zones on San Crist6bal 
have been severely degraded following human settlement (Hamann 1984; see Table 2) 
b Mean -t- sE shown for measurements of adult mockingbirds banded on each island 

Length of flattened wing; values used to distinguish males from females were 114, 120, 120, and 110 mm for Genovesa, Champion, 
Espafiola, and San Crist6bal respectively 
d Nares to tip 

phytic vegetation. San Crist6bal is a larger high 
island, with more vegetational zones. The islands 
also differ in their suites of known or potential 
mockingbird predators. Short-eared owls (Asio 
flammeus), yellow-crowned night-herons (Nycti- 
corax violacea), and lava herons (Butorides [stria- 
tus] sundvalli) inhabit all four islands; snakes (Ela- 
phus spp.) live on Champion, Espafiola, and San 
Crist6bal; Galfipagos hawks (Buteo galapagoensis) 
inhabit only Espafiola; and barn owls (Tyto aIba), 
introduced black rats (Rattus rattus) and feral cats 
are present only on San Crist6bal (Eckhardt 1972; 
Harris 1973; Hoeck 1984; Curry, pers. obs.). 

Mockingbird populations were studied for I to 
5 months between December, 1983, and May, 
1984, at eight sites (Fig. 1). Data collected on Gen- 
ovesa and Champion form part of longitudinal stu- 
dies. P.R. Grant and coworkers studied N. parvulus 
on Genovesa between 1978 and 1980 and I studied 
the Genovesa population during the breeding sea- 
son m each year, 1981-86; Grant and coworkers 
provided data from July-August of most years (see 
Curry and Grant 1989a for additional details). 
Grant banded all N. trifasciatus on Champion in 
August 1980. This permanently resident popula- 
tion was then observed during two brief visits 
(1-7 days) in each year, 1981-83, and for a total 
of 8 weeks between December, 1983, and May, 
1984. 

I collected data on Espafiola and San Cristdbal 
only during the 1983-1984 breeding season. N. 
macdonaldi on Espafiola was studied for five 

months at two coastal sites. Site E1 covered a small 
peninsula 1 km north of Punta Cevallos. Site E2 
fell within the large seabird colony at Punta Ceval- 
los. Mockingbirds were also studied at an inland 
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Fig. 1. Map of the Galfipagos Archipelago showing distribution 
of  the four species of mockingbirds (Nesomimus spp.) and loca- 
tions of sites included in this study. Mockingbirds have been 
extirpated from Floreana and Baltra (Curry 1986) and are not 
known to have occurred on Pinz6n 
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site (E3), 3 km west of  El,  for 1 week in February. 
On San Crist6bal, I studied N. melanotis at Playa 
Baquerizo (hereafter PB) for a total of  three weeks 
between December and February, and at Cerro 
Brujo (CB) for six weeks in March and April; both 
CB and PB are arid coastal sites (0-200 m eleva- 
tion). I censused mockingbirds during brief (1 day) 
visits to four other coastal sites on San Crist6bal 
(Fig. 1). I studied mockingbirds in the highlands 
at E1 Junco (E J; ca. 650 m elevation) for four 
weeks in February and March. 

The assumption that climatic conditions are 
more benign (wetter) and less variable in the high- 
lands than at low elevation is supported by long- 
term rainfall records (Grant and Boag 1980) and 
by recent data: on San Crist6bal, rainfall at Pro- 
greso (250 m elevation) totalled 774 mm in 1980, 
1851 mm in 1982, and 3976 mm in 1983 during 
an extraordinarily strong EL Nifio-Southern Oscil- 
lation (ENSO) event; comparable values for the 
same years at the town of Wreck Bay, in the arid 
zone 2 km west of  PB, were 190 mm, 366 mm, and 
3409 mm (Robalino 1985). 

Data collection 

At all sites, mockingbirds were captured and 
marked with numbered aluminum leg bands and 
two or three plastic color bands. Sexes were deter- 
mined from measurements of wing length (Grant 
and Grant 1979; Curry and Grant 1989 a). In each 
population, males have longer wings than females 
(Swarth 1931); different criterion values for wing 
length were used for separating males from females 
on each island (Table 1). Sex classifications based 
on wing length were confirmed by observations 
of breeding behavior with few (<  1%) exceptions. 
Sex could not be determined for birds that had 
intermediate measurements and that did not breed. 

Detailed maps of the study areas were drawn 
from aerial photographs and ground measure- 
ments. I calculated areas from computer-digitized 
tracings of the maps. Mockingbird densities re- 
ported here include only adult residents, classified 
as birds that were regular members of territorial 
groups (below) and a few non-territorial floaters 
(1% of  males and 4% of females on Genovesa; 
Curry and Grant 1989b). I calculated density for 
San Crist6bal only over the area actively defended 
by territorial groups, excluding areas used occa- 
sionally by mockingbirds in peripheral territories. 
My density comparisons are therefore conserva- 
tive. On all islands, I considered individuals as 
adults after the attainment of adult plumage (at 
about 8 months of age). 

Membership in territorial groups was deter- 
mined from observations of  dominance displays 
and territorial interactions. On all islands, domi- 
nant males elicited subordinate displays from other 
residents. All birds subordinate to a given a male 
and resident within his territory were defined as 
members of his group. Boundaries of group territo- 
ries were mapped on the basis of  movements of 
resident birds and locations of territorial border 
displays (Curry 1988b). 

I attempted to monitor all breeding activity at 
each site. Mockingbirds on Genovesa and Champi- 
on nested in every year, 1980-1984, although fewer 
pairs than normal nested within in the Genovesa 
study area in 1984 (Curry and Grant 1989a and 
below). In 1984, breeding took place on Espafiola 
in March and was studied only at E1 and E2. On 
San Crist6bal, mockingbirds nested in February 
at PB, in February and March at E J, and in April 
at CB. Behavior at nests with eggs or chicks was 
quantified during 1-h watches every 1 to 3 days. 
I classified mockingbirds as helpers only if they 
fed nestlings or fledglings other than their own off- 
spring. 

Results 

Spatial distribution of mockingbirds in relation to 
habitat availability 

Lowland sites. The range of habitats present at low- 
land sites varied among the four islands (Table 2). 
On Genovesa, Champion, and Espafiola, habitat 
diversity in the arid zone was low. The Genovesa 
study site, and nearly the entire island, was covered 
by uniform deciduous woodland dominated by the 
tree Bursera graveolens, with smaller areas of low 
scrub and littoral vegetation (mangroves and Cryp- 
tocarpus pyriformus; Fig. 2A; see photographs in 
Plage and Plage 1988: 132-134; Curry and Grant 
1989b). Vegetation on Champion, an eroded tuff 
cone, consisted mainly of large cacti (Opuntia me- 
gasperma) and low shrubs (Fig. 2 B). On Espafiola, 
habitat at El was a mixture of thorny scrub, domi- 
nated by Prosopisjuliflora, and low littoral vegeta- 
tion, fringed by an extensive intertidal zone 
(Fig. 2C). Habitats at E2 were similar, but with 
a broader strip of littoral vegetation (Fig. 2D). 
Vegetation at E3, which covered 7.5 ha in Espafio- 
la's interior (not illustrated), was like the taller 
scrub of the coastal sites, but with scattered Bur- 
sera trees and cacti (O. megasperma). 

Habitats in the arid zone of San Crist6bal were 
more diverse (Table 2). The CB study area in- 
cluded a central area of woodland, dominated by 
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Table 2. Distribution of habitats and their occupancy by mockingbirds at study areas on four islands. Each habitat is categorized 
as defended by territorial mockingbirds (T), present but not occupied by territorial mockingbirds (NO), or not present (-) 

Habitat Genovesa Champion Espafiola San Crist6bal 

Arid lowlands ( Genovesa, Champion, and Espa~ola ; 
CB and PB sites on San Cristbbal) 

Scrub woodland: low, open canopy of Bursera graveolens; T 
scattered cacti (Opuntia spp.); shrubby understory 
(principally Cordia lutea and Croton scouleri) 

Cactus scrub: abundant arborescent Opuntia; - T 
Croton and Cordia understory 

Piscidia woodland: canopy of Piscidia carthaginensis 
and Bursera, dense understory 

Littoral: halophilic shrubs, mangroves, sandy beaches, rocky shore T T 

Barren rocky slopes, lava fields T* - 

Highlands (El Junco site on San Cristbbal only) 

Scrubby guava forest: low, closed canopy of introduced guava 
( Psidium guajava) 

Pastures: small grassy fields with scattered Psidium and Citrus spp. - - 

Pampas: large open areas of grasses and sedges 

Dense moist forest : high canopy of native trees, Psidium, - - 
and Citrus spp. 

T NO 

NO 

T 

T 

NO 

T 

T 

NO 

NO 

* A narrow strip of barren, unvegetated lava along the outer coast of Genovesa, outside the study area, appeared to be used 
by birds holding territories in adjacent scrub habitat 

the tree Piscidia carthaginensis, within and beneath 
the crater of  Cerro Brujo, a solitary tuff cone. Pe- 
ripheral habitats included barren hillsides, man- 
groves and salt lagoons, a large unvegetated lava 
field, and an area of Bursera-dominated woodland 
extending several km northeast (Fig. 2 E). The PB 
site (not illustrated) included approximately 15 ha 
of woodland, dominated by Piscidia and Bursera, 
surrounded by more open scrub with scattered 
Bursera trees. 

On Genovesa, Champion and Espafiola, but not 
on San Crist6bal, territorial mockingbirds occu- 
pied all available habitat in the lowlands (Table 2). 
Contiguous, continuously-defended territories 
filled the Genovesa study area in 1984 (Fig. 2A) 
and during all other periods of study, except for 
small areas left vacant for 1-2 months during an 
epizootic in 1983 (Curry and Grant 1989a). Terri- 
tories also filled all vegetated habitat on Genovesa 
outside of the study area. Champion was similarly 
occupied completely by mockingbird territories 
during all periods of study, including 1984 
(Fig. 2B). In coastal sites E1 and E2 on Espafiola, 
mockingbird territories filled the vegetated areas, 
and their borders extended into the intertidal zone 
(Figs. 2 C and 2 D). The configuration of territories 
at El was similar in 1974 (S. Groves, pers. comm.). 

(C) Site E1 
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D Arid scrul 
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Fig. 2. Distribution of territorial mockingbirds on four islands. 
Maps, drawn to common scale, show habitat variation and 
territorial boundaries (heavy lines) defended during breeding 
in March-April, 1984, at five sites; patterns at two additional 
sites (PB and EJ on San Crist6bat) are described in the text. 
Numerals indicate the number of adults in each territorial 
group. On Genovesa and Espafiola, additional groups occupied 
areas adjacent to territories shown, but some borders on San 
Crist6bal were indefinite where groups had no neighbors; the 
map of Champion shows the entire islet. Arrows denote newly 
established territories (A) or movements of individuals resulting 
in establishment of new territories (E; see text) 
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Two groups, of  eight and 10 birds respectively, oc- 
cupied site E3 in Espafiola's interior. Their territo- 
ries were bordered by other groups on all sides. 
On all islands, mockingbirds remained in their ter- 
ritories for all breeding and most foraging activity, 
except that birds holding territories up to 2 km 
from the shore on both Genovesa and Espafiola 
occasionally visited coastal areas to forage in the 
intertidal and littoral zones. At both E1 and E2 
on Espafiola, visitors (and the local territorial resi- 
dents) fed on invertebrates and on blood from sea- 
birds, iguanas, and sealions (Curry and Anderson 
1987). 

On San Crist6bal, unlike the other islands, 
some of the habitas at each lowland site were not 
occupied by territorial mockingbirds (Table 2). At 
CB, mockingbirds held territories in Piscidia-domi- 
hated woodland and in mangroves, but not in 
other adjacent habitats (Fig. 2E). Occasionally I 
saw birds from nearby territories, along with sever- 
al unmarked birds of unknown origin, moving un- 
molested through undefended habitat peripheral 
to the Piscidia woodland; one unpaired male, for 
example, often sang in the Bursera scrub, up to 
200 m away from his group's nest in the woodland. 
At PB, four territorial groups actively defended 
boundaries against each other in the dense central 
woodland. Birds from these groups also wandered 
sometimes into surrounding habitat, where they 
had no territorial neighbors. 

Territorial mockingbirds occupied few or none 
of the available habitats at the other locations I 
visited in San Cirst6bal's arid zone. I found five 
solitary singers and two probable pairs along 
coastline 5 km south and 8 km north of CB, all 
in isolated mangrove stands. Habitat along the rest 
of this shoreline consisted of sparse scrub on recent 
lava flows. I found only a few solitary mock- 
ingbirds within 2 km on either side of the central 
cluster of  territories at PB. I observed no territorial 
mockingbirds in Bursera-dominated scrub at three 
other coastal sites (Bahia Rosa Blanca, Puerto 
Chino, and Isla Lobos) or in an Opuntia forest 
near Bahia Agua Dulce. 

Highlands. Vegetation at the 40-ha EJ site on San 
Crist6bal (not illustrated) consisted primarily of a 
low forest of introduced guava (Psidium guajava) 
up to 4 m tall, with a few small pastures (up to 
2 ha) and temporary ponds (Table 2). The site was 
occupied by eight mockingbird territories. Three 
of these territories, containing two (n = 2) or three 
birds (n= 1), were bordered on all sides by neigh- 
boring territories. The five peripheral territories, 
which were occupied by an unpaired male (n = 1), 

a simple pair (n=2),  and a trio (n=2),  extended 
into unoccupied habitat. I found no territorial resi- 
dents in open grazed grassland (pampas) on the 
tops of the island's highest hills, or in dense forest 
at lower elevation. 

Establishment of new territories 

During the brief period of study at CB, mock- 
ingbirds established three new territories adjacent 
to the main cluster of  territories (Fig. 2E). In each 
case, a male settled in a previously unoccupied area 
and began singing, shortly after mockingbirds in 
the rest of the CB study area began nesting. The 
origin of two of the males was unknown, but the 
third was a subordinate member of a trio (see be- 
low) before moving about 400 m. Within a week 
after settling, all three males were joined by fe- 
males. Two of these females came from outside 
the central cluster of  territories. The third came 
from a nearby group, where she was replaced by 
another female of unknown origin. Two of the 
newly-formed pairs subsequently nested. 

Mockingbirds almost never established new 
territories in this way on the other three islands, 
because unoccupied habitat usually was not avail- 
able. Four pairs on Genovesa filled vacancies in 
the center of the study area soon after previous 
territorial residents died from disease in/983. Four 
other groups of yearlings on Genovesa established 
new, small territories in 1984 (Fig. 2A) in habitat 
that was previously included within other larger 
territories. Two such territories in the littoral zone 
contained no vegetation and were later reincorpor- 
ated into adjacent larger territories. Between 1980 
and 1984, only one new territory was established 
on Champion, in an area previously defended by 
an adjacent group. All other territorial changes on 
both Genovesa and Champion resulted from 
transfers of birds among groups and gradual shifts 
of  established boundaries. On Espafiola, no change 
in territory occupancy occurred during five months 
of study at either E1 or E2. 

Group territoriality and cooperative breeding 

Group size. Average group size was highest on 
Espafiola and intermediate on Genovesa and 
Champion; groups on San Crist6bal were signifi- 
cantly smaller (Fig. 3; Kruskal-Wallis H =  32.9, 3 
d.f., P<0.001). Mean group size did not vary 
among sites on San Crist6bal, and I found no 
groups larger than three birds. Group size at E1 
did not differ significantly from Genovesa or 
Champion, but groups at E2 were larger (Mann 



Table 3. Geographic variation in group territoriality, adult sex ratio, and population density 
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Island and study Relative frequency of  groups of  > 3 birds Adult sex ratio Density 
site or year (% males)" (adults/ha) b 

% of  groups (n) % of  birds (n) 

Genovesa 

1984 76% (25) 93% (90) 42.3% 4,4 
1980-1984 b 74% (149) 88% (654) 53.5-+_7.5% 4.2___0.9 

Champion 

1984 70% (10) 86% (43) 48.6% 4.9 
1980-1984 b 77% (52) 87% (180) 46.0+_6.4% 4.3+_0.6 

Espa~ola (1984) 
All sites ~ 100% (12) t00% (102) 63.5% 9.2+_6.8 

E1 100% (6) 100% (27) 55.2% 16.1 
E2 100% (4) 100% (57) 63.3% 9.2 
E3 100% (2) 100% (18) 75.0% 2.4 

San Crist6ba/(1984) 

All sites ~ 25% (28) 34% (62) 56.5% 0.6+_0.1 
CB 19% (16) 26% (35) 54.3% 0.7 
PB 25% (4) 33% (9) 55.6% 0.6 
EJ 38% (8) 50% (18) 61.1 % 0.5 

a Percentage of  residents of  known sex 
b Mean values shown for sex ratio and density, expressed as 2_+ SD, n = 5 years 
~ Values are for all residents studied on each island combined, except density expressed as ~_+SD, n = 3 sites 

Whitney U-tests, P<0.01) .  The percentage of 
groups larger than two similarly varied among the 
islands (Table 3; X 2 =21.73, 3 dr., P <  0.001, using 
data from 1984), ranging from 25% on San Crist6- 
bal to 100% on Espafiola. The proportion of indi- 
viduals living in groups larger than two was corre- 
spondingly lowest (34%) on San Crist6bal (Ta- 
ble 3). Neither proportion varied significantly 
among the three San Cristdbal sites. Fewer birds 
lived in groups larger than two on both Genovesa 
0f2=6.01, 1 d.f., P<0 .05)  and Champion 0(2= 
11.54, I dr., P<0.005)  than on Espafiola, where 
all mockingbirds belonged to large groups. 

Temporal variation in group size on both Geno- 
vesa and Champion was small in relation to the 
magnitude of  the differences in group size among 
the islands, even though conditions during 1983 
E1 Nifio may have influenced the size of  groups 
observed in 1984. Groups on Genovesa were signif- 
icantly larger in 1984 on average than in previous 
years (range of  means, 3.2-4.4 birds, 1980-1983), 
both because many birds born during 1983 were 
recruited and because a few large groups of  year- 
lings (12-24 birds) formed through fusion follow- 
ing the death of  older, dominant individuals (Curry 
1988b). Group size on Champion varied less 
(range 2.6-3.5, 1980-1983), but increased in 1984 
for the same reasons as on Genovesa. Group size 

in 1984 at E1 on Espafiola had increased only 
slightly since 1974 when three groups averaged 
5.0 + 1.0 SD birds (S. Groves, personal communica- 
tion). 

On each of the four islands, group size corre- 
lated positively with territory size, but territory size 
varied among islands (Kruskal-Wallis H=33 .2 ,  
3 d.f., P < 0.005) inversely with differences in group 
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Fig. 3. Geographic variation in group size and territory size. 
Wide black and hatched bars denote mean group size (_+SE) 
and territory size (_+_SE) respectively on each the four islands 
(data from t984; sites on Espafiola and San Cristdbal com- 
bined). Narrow bars show values for the different Espafiola 
and San Crist6bal study sites individually. Numbers of  groups 
and territories measured are indicated within parentheses 
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size (Fig. 3). Territories on San Crist6bal were sig- 
nificantly larger than on each of  the other islands. 
Territories were also larger at EJ (5.2 ha_+0.6 sB, 
n = 7) than at CB (3.2 +_ 0.1 ha, n = 10; Mann Whit- 
ney U-test, P<0.05) ,  though average group size 
at these sites was the same. 

Groups on Genovesa are maintained through de- 
layed dispersal: most yearlings (74% of males, 
56% of females) remain in their natal territory, 
and most adults (96% of males, 77% of females) 
stay in the same group between years (Curry and 
Grant 1989b). Movement patterns on Champion 
were similar (R.L. Curry and P.R. Grant, in prepa- 
ration). Two males resident at site El in 1984 re- 
mained in the territories where they were banded 
as adults in 1974 by S. Groves (personal communi- 
cation), suggesting that dispersal is likewise re- 
duced on Espafiola. No information about  group 
formation is available from San Crist6bal. On all 
of the islands, one male was dominant over all 
other males in each group. Dominance among 
males on Genovesa is determined by relative age; 
males also dominate females, and higher ranking 
birds most often breed (Curry 1988b). All males 
that bred on Champion in 1984 (n = 10) were also 
the highest ranking members of  their groups. Each 
of the two old males (_>11 years of  age) at El 
were the dominant birds in their groups, and both 
bred in 1984. The breeding structure of groups nec- 
essarily differed on the four islands because of  vari- 
ation in group size. Two females bred (plural 
breeding; Brown 1978) in one (14%) of seven 
groups nesting on Genovesa in 1984, as they did 
in 43% of groups (n=122) in 1980-83 (Curry 
1988 b). There were no plural groups on Champion 
in 1984, but two such groups occurred there in 
1983. On both islands, groups maintained stable 
territorial borders throughout the year; even when 
multiple pairs began breeding, groups did not split 
up. Although no more than one pair bred in 1984 
in any territory on Espafiola, additional pairs in 
each of the large groups at E2 did construct nests, 
suggesting that plural breeding occurs in some 
years. No plural breeding occurred on San Crist6- 
bal because all groups larger than two consisted 
of a mated pair and an extra, subordinate male. 
As on Genovesa (Curry 1988b), dominant males 
closely guarded their mates and appeared to pre- 
vent subordinate males from copulating. 

Helping behavior. Helping occurs regularly on 
Genovesa. Between 1980 and 1984, 41% of nests 
with chicks (n = 254) were attended by one or more 
helpers, all of  which were members of  the same 

social group as the breeders; 1984 was average in 
this respect as helpers attended two (40%) of five 
nests containing hatchlings. The majority of help- 
ers on Genovesa were young nonbreeding adult 
males, 39% of which helped when they had an 
opportunity to do so; most helpers were still in 
their natal groups, where they preferentially helped 
raise closely related nestlings (Curry 1988a). On 
Champion, helpers fed young in seven (78%) of  
nine nests with hatchlings observed between 1981 
and 1984. The helpers included six adult males, 
two adult females, and seven immature birds. 
Three helpers fed known siblings and one fed nes- 
tlings that were at least half siblings; none fed nes- 
tlings that were known to be less closely related. 
On Espafiola, S. Groves (personal communication) 
saw three adult males and one adult female feed 
young in a nest at E1 in 1974. In 1984, however, 
only one nest in each of the two coastal study areas 
reached the nestling stage, and the parents made 
all feeding visits observed at these nests (n = 46 and 
33 visits during 600 and 540 min of  observation 
respectively), though nonbreeders that could have 
helped were present (one male in one group, and 
seven males and three females in the other). The 
frequency of helping behavior on Espafiola there- 
fore remains uncertain. 

No helping has yet been observed at nests on 
San Crist6bal (see Venables 1940) but observations 
of marked birds during the nestling phase are still 
lacking: none of  the nests I studied on San Crist6- 
bal in 1984 (n= 13) contained hatchlings (see be- 
low). At both CB or EJ, extra males in trios did 
not participate either in building the breeding 
pair's nest or in defending it during incubation. 
Instead, each subordinate male usually sang or for- 
aged elsewhere in its group's territory. Even if 
every extra male in a trio on San Crist6bal were 
to help, the incidence of helping (roughly 25% of 
nests) would be lower than on Genovesa or Cham- 
pion. On Genovesa, however, many nonbreeders 
do not act as helpers (Curry 1988a). Assuming 
the same is true on San Crist6bal, helping probably 
occurs there rarely, if at all. 

Population structure 

Adult sex ratio. Adult sex ratio varied geographi- 
cally and temporally among the eight populations 
(Table 3). On Genovesa, males outnumbered fe- 
males in each year prior to 1983, whereas females 
predominated in 1984, as a result of  differential 
mortality (Curry and Grant 1989a). On Champi- 
on, this pattern was reversed: females predomin- 
anted except in 1983, when males were in excess. 



Therefore, the sex ratio recorded in 1984 was close 
to the five-year average on Champion but not on 
Genovesa. Males outnumbered females at all sites 
on Espafiola and San Crist6bal. 

Variation in sex ratio among years and among 
the islands did not correlate with variation in 
group structure. Despite opposite trends in adult 
sex ratio, groups on Champion and Genovesa were 
similar in size throughout the study and they regu- 
larly contained multiple adults of  each sex. Large 
groups on Espafiola contained up to eight individ- 
uals of  each sex. These results would not be ex- 
pected if lack of mates caused delays in breeding 
or dispersal. Local availability of mates could have 
a greater influence on San Crist6bal, where all aux- 
iliary group members were unpaired males. The 
ability of some males to obtain mates after estab- 
lishing new territories suggests, however, that some 
additional females not included in sex ratio calcu- 
lations existed as floaters in habitats not occupied 
by territorial mockingbirds on San Crist6bal. 

Density. Density varied little among the three San 
Crist6bal study areas, but was much lower at all 
three than on any of the other islands (Table 3). 
The range of density among the three sites on 
Espafiola was broad and encompassed the densi- 
ties measured on Genovesa and Champion. Den- 
sity was highest overall at the coastal Espafiola 
site El ,  where the value was more than 30 times 
greater than at EJ - even though densities mea- 
sured on San Crist6bal represent maximum esti- 
mates, while values from Espafiola are minimal 
(see Methods). 

Densities measured in 1984 on Genovesa and 
Champion were only slightly higher than the aver- 
ages over the period 1980-1984 (Table 3). Almost 
half of the adults on Genovesa died in an epizootic 
(apparently of  poxvirus) during the 1982-83 
ENSO, but these losses were more than offset by 
high production young in 1983 by the surviving 
breeders (Curry and Grant  1989a). Natality in 
1983 similarly outstripped mortality from disease 
on Champion. 

Climatic conditions and social organization 

The 1982-83 ENSO brought heavy rain to the en- 
tire archipelago (Grant 1984; Robalino 1985). As 
a result, mockingbird breeding in 1983 was pro- 
longed on all four study islands, lasting up to nine 
months on Genovesa (Curry and Grant 1989a). 
The epizootic that increased mortality on Geno- 
vesa also affected mockingbirds during 1983 on 
the three other islands studied in 1984 (Curry 
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1985). Therefore, the exceptional pattern of habitat 
use, group size, and density on San Crist6bal prob- 
ably cannot be attributed, directly or indirectly, 
to geographic variation in climatic conditions, and 
their effects on mockingbird populations, prior to 
1984. 

Climatic conditions during the study also fail 
to account for inter-island variation in social orga- 
nization. All lowland sites experienced relatively 
dry conditions, and poor conditions for breeding, 
in 1984. Genovesa received 69 mm (compared to 
an annual average of 142 mm for the period 1978- 
1982), while approximately 65 mm fell on Champi- 
on, 155 mm at El,  and 58 mm at CB. Only eight 
pairs nested in the Genovesa study area in 1984, 
and no pairs produced surviving fledglings, in an 
area where up to 50 pairs normally nest (Curry & 
Grant 1989a). On Espafiola, three clutches and 
two fledglings were produced in the 10 territories 
at E1 and E2 in 1984; as on Genovesa, other resi- 
dents built additional nests but did not produce 
eggs. On San Crist6bal, one pair at EJ was accom- 
panied in March by a fledgling born before the 
study began. Five of seven pairs there later built 
nests and two produced clutches, but none was 
successful. At CB, 13 of 16 pairs built nests and 
11 produced eggs, but none had produced hatch- 
lings by the end of the study (when three nests with 
eggs remained). Breeding on Champion in 1984 
was more widespread: 11 nests were produced in 
10 territories, and eight young were fledged. These 
data suggest that conditions for breeding were no 
better on San Crist6bal in 1984 than elsewhere, 
and that climatic differences did not cause the ex- 
ceptionally small groups on that island. 

Gal~tpagos mockingbirds in the highlands also 
nest following periods of rainfall (Venables 1940; 
this study). As expected, more rain (>300 ram) 
fell at EJ in February and March, 1984, than at 
any of the lowland study sites. This information, 
though indirect, is consistent with the assumption 
that conditions were more favorable for breeding 
at EJ than at CB or PB. Group size and patterns 
of territory occupancy were nonetheless essentially 
identical at these three San Crist6bal locations. 

Discussion 

The results of  this study demonstrate that impor- 
tant features of social organization vary among 
populations and species of Galfipagos mock- 
ingbirds. In all respects, Nesomimus melanotis on 
San Crist6bal is less social than its congeners. 
Comparable levels of variation in social structure 
among closely related populations have been docu- 
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mented for several other genera (reviewed by Em- 
len and Vehrencamp 1983; Brown 1987; Stacey 
and Koenig 1989). In some (e.g., Lanius, Acan- 
thiza), differences have been detected only between 
cooperatively breeding species and less social con- 
geners. In other genera (e.g., Aphelocorna, Campy- 
Iorhynchus, Melanerpes, Cyanocorax) variation ex- 
ists, as in Nesomimus, both between species and 
between conspecific populations. 

The occurrence of group-territorial cooperative 
breeding on Genovesa, Champion, and Espafiola, 
and its absence or reduced frequency on San Cr- 
ist6bal, suggests that mockingbirds on the latter 
island are subject to some exceptional ecological 
factor or factors. One candidate is the broader 
range of habitats on San Crist6bal. Because all 
habitats on Genovesa, Champion, and Espafiola 
support permanent mockingbird territories, young 
mockingbirds on these islands must remain in their 
natal territories, join other groups, compete for 
territories in space that is already occupied, or be- 
come floaters. The rarity on Genovesa and Cham- 
pion of newly formed territories and of floaters 
(<  2% of residents on Genovesa; Curry and Grant 
1989 b) indicates the difficulty of the last two alter- 
natives. Either of the other options causes groups 
to be maintained. San Crist6bal differs because it 
supports a wide range of habitats, not all of  which 
are permanently occupied by territorial mock- 
ingbirds. The availability of varied habitats could 
favor dispersal in either of  two ways. First, birds 
may leave their natal areas to live as nonbreeders 
in unoccupied habitat, while waiting for vacancies 
in high-quality territories. Movements of this kind 
have been proposed to account for the lack of co- 
operative breeding in Santa Cruz Island scrub jays 
(Atwood 1980) and Texas green jays (Gayou 
1986). Second, some birds may leave preferred 
habitat to attempt breeding in other available habi- 
tat. Such dispersal might be favored, over remain- 
ing as a non-breeder in the natal territory, as long 
as birds breeding in suboptimal habitat do not suf- 
fer prohibitively low survival or reproductive suc- 
cess (Emlen 1982; Zack and Ligon 1985 b; Fitzpa- 
trick and Woolfenden 1986). My observations of 
birds at CB establishing new territories in vacant 
areas at the periphery of preferred habitat, and 
of scattered non-territorial birds living in other 
habitats, suggest that both mechanisms may oper- 
ate on San Crist6bal. Either would result in re- 
duced average group size and decreased frequency 
of helping. Results from the Galfipagos are consis- 
tent, therefore, with the hypothesis that birds are 
forced to remain in groups where there is a sharp 
gradient in quality between preferred breeding 

habitat and other 'marginal '  habitat (Koenig and 
Pitelka 1981): unlike San Crist6bal, the only unoc- 
cupied habitat available to dispersing mock- 
ingbirds on Genovesa, Champion, and Espafiola 
is the Pacific Ocean. 

Although the correlation between habitat avail- 
ability and mockingbird social organization is con- 
sistent with the habitat constraints hypothesis, two 
other factors - predation and food supply - could 
alternatively account for the reduction in sociality 
on San Crist6bal, through their effects on demog- 
raphy. Mockingbirds on San Crist6bal must con- 
tend with two introduced predators, black rats 
(Rattus rattus) and cats, that do not occur on any 
of the other islands I studied (see Methods). Intro- 
duced rats have been implicated in the decline or 
extinction of many island birds (Atkinson 1985), 
including N. trifasciatus on Floreana (Curry 1986). 
San Cristdbal mockingbirds seem to suffer high 
rates of nest failure as a result of  predation by 
rats: I found evidence linking rats to losses of 8 
(62%) of 13 mockingbird clutches at CB. Venables 
(1940) and H. Vargas (unpublished report) also 
blamed black rats for high rates of nest predation 
on San Crist6bal and Santa Cruz respectively. Cats 
probably pose a smaller risk. Mockingbirds 
mobbed, but seemed capable of  avoiding, feral cats 
in all three San Crist6bal study areas; no adult 
resident disappeared during the 6 weeks of study 
at CB. Nestlings and fledglings undoubtedly are 
more vulnerable, but cats appear to concentrate 
on other prey. I found bird remains in only 8% 
of 136 cat scats on San Cristdbal, most of which 
contained remains of rats, mice, lizards, and ar- 
thropods. The number of mockingbirds killed by 
cats is unknown, but most of  the bird remains were 
of the more abundant finches (Geospiza and Ca- 
marhynchus spp.). If  predation on San Crist6bal 
reduces mockingbird survival, or lowers reproduc- 
tive success, or both, territories will become vacant 
more often in relation to the number of competing 
individuals than on the other islands. San Crist6bal 
birds consequently may have more frequent oppor- 
tunities to disperse, resulting in a reduction in aver- 
age group size. Although predation has not been 
confirmed as the cause, low juvenile survival has 
been associated with reduced group size, and an 
increase in dispersal distance, in at least one other 
cooperative breeder (Austad and Rabenold 1986). 

My results are inconsistent, on the other hand, 
with the hypothesis that groups are maintained be- 
cause of high risk of predation (Ford et al. 1988). 
This hypothesis would predict larger, rather than 
smaller, groups on San Crist6bal because it sup- 
ports more potential predators. Three other lines 
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of evidence argue against predation as a cause of 
group formation: Galfipagos mockingbirds do not 
perform coordinated sentinel behavior, helpers do 
not influence rates of predation on nests (Curry 
1987 and in preparation), and losses to predators 
appear to be lower than in some other cooperative 
breeders (Curry and Grant 1989a). It is neverthe- 
less possible that hawks or owls present a greater 
threat to mockingbirds on islands other than San 
Crist6bal because, for example, of differences in 
habitat structure or mockingbird behavior (Ford 
et al. 1988). Additional data are needed to test 
whether demography varies among the islands as 
a result of predation. The relative importance of 
introduced predators, as opposed to habitat avail- 
ability, could also be investigated further with data 
from another island (e.g., Pinta) having a range 
of habitats comparable to those on San Crist6bal, 
but lacking introduced predators. 

Differences in resources among the islands 
could alternatively give rise to variation in social 
organization. If food supplies are more limited on 
San Crist6bal, mockingbird survival or fecundity 
may be lower than elsewhere. Again, such demo- 
graphic shifts could permit more frequent dispersal 
into territorial vacancies and secondarily cause re- 
duced group size. I did not collect quantitative in- 
formation on food supplies in this study, but the 
larger territories held by mockingbirds on San 
Crist6bal (Fig. 2) are consistent with the hypothe- 
sis of lower food density (for a parallel example 
see Austad and Rabenold 1985, 1986). San Crist6- 
bal mockingbirds also have shorter bills (Table 1), 
and they forage more arboreally (R.L. Curry, un- 
published data) and less opportunistically than 
their congeners (Curry and Anderson 1987). These 
morphological and behavioral differences may 
magnify variation in food supplies. Variation in 
food availability and, correspondingly, demogra- 
phy could similarly explain why groups were larger 
and population densities higher at coastal sites on 
Espafiola, where mockingbirds eat foods such as 
blood, carrion, marine invertebrates, and seabird 
eggs (Curry and Anderson 1987), than in that 
island's interior. Movements of birds among the 
sites, however, could also cause this pattern; nei- 
ther alternative can be excluded without data on 
survival, reproduction, and dispersal. 

All of the preceding mechanisms are consistent 
with the argument that reduced availability of pre- 
ferred habitat, in relation to the number of compet- 
itors for territories, can constrain dispersal and 
breeding and cause cooperatively breeding groups 
to persist. The comparative results do not support 
the alternative hypotheses. Geographic variation 

in mockingbird social organization correlates 
poorly with differences in climatic conditions that 
would influence the costs of independent breeding 
(Orians et al. 1977; Emlen 1982). Social structure 
varied more among populations in lowland loca- 
tions, which experience similar climatic conditions 
simultaneously throughout the archipelago (Grant 
and Boag 1980), than would have been expected 
under this hypothesis. Social organization would 
also be expected to vary among climatically differ- 
ent locations, but on San Crist6bal it did not. Con- 
sistency in the size of territorial groups on Geno- 
vesa and Champion, through both extremely wet 
and dry years, further indicates that prevailing cli- 
matic conditions do not have a predominant influ- 
ence on mockingbird grouping patterns. Dispersal, 
breeding, and, consequently, the maintenance of 
social groups in Galfipagos mockingbirds therefore 
appear to be influenced more by habitat availabili- 
ty in relation to population density than by varia- 
tion in resources among breeding seasons (see also 
Curry and Grant 1989a). This conclusion suggests 
that the dichotomy, proposed by Emlen (1982; 
Emlen and Vehrencamp 1983), between habitat 
constraints in stable environments and climatic 
constraints in fluctuating environments is less im- 
portant than the difference between territorial and 
colonial species (Brown 1987); in the latter, pre- 
vailing climatic conditions are more likely to have 
direct effects on resources needed for breeding 
(Reyer 1980; Emlen 1982). Climatic conditions can 
still have important secondary influences on the 
behavior of territorial species: in relatively dry 
years on Genovesa, interference by dominant birds 
in plural groups reduces the breeding success of 
subordinate pairs, whereas conflict within groups 
is reduced in wet years (Curry 1988 b). 

There is also little evidence from this study to 
support the associated hypothesis that groups per- 
sist because young birds lack sufficient skill to 
breed independently (Brown 1978; 1987). Mock- 
ingbirds do not delay breeding as long as do many 
other cooperative breeders: yearlings on Genovesa 
regularly breed, and are often successful (Curry 
and Grant 1989 a). The exceptionally small groups 
on San Crist6bal therefore could not be caused 
by a shorter breeding delay than on the other 
islands. Furthermore, fewer birds on Champion 
breed in their first year (Curry and Grant 1989b 
and in preparation) than on Genovesa, yet groups 
there average slightly smaller. Yearling males on 
Genovesa are rarely able to hold independent terri- 
tories, however, breeding instead as subordinates 
(Curry and Grant 1989a). Skills acquired with 
age therefore may influence both dominance status 
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and the reproductive tactics used by different age 
classes. 

Geographic variation in mockingbird social or- 
ganization correlates poorly with mate availability. 
Like climatic variation, however, mate availability 
does have a secondary influence on behavior with- 
in groups on Genovesa: variation in the sex ratio 
determines the proportion of birds that can mate 
and breed within each group (Curry 1988 b), which 
indirectly affects the frequency of helping behavior 
(Curry and Grant 1989a). Even if mate shortage 
cannot account for the existence of large mock- 
ingbird groups, however, the relative scarcity of 
females could explain why all auxiliary birds in 
groups on San Crist6bal were males - and why 
some of these males were able to breed elsewhere 
once additional females arrived, apparently from 
other areas of the island. 

The comparative results of this study do not 
provide a direct test of the hypothesis that cooper- 
ative breeding arises when philopatric individuals 
gain a benefit over early dispersers, independent 
of habitat availability (Stacey and Ligon 1987). 
There is, however, no evidence of any large group 
benefit or critical resource that would confer a 
large advantage to philopatric mockingbirds. 
Mockingbirds do not engage in anti-predator be- 
havior (see above) and they do not forage coopera- 
tively. Small groups can exist side by side with 
larger groups (Fig. 2), indicating that extra 
members are not essential for territorial defence. 
Helpers on Genovesa also receive neither direct 
or indirect benefits large enough to inhibit inde- 
pendent breeding if mates and habitat are available 
(Kinnaird and Grant 1982; Curry 1987; Curry and 
Grant 1989a). The mockingbirds do not depend 
on any localized, limiting resource within accept- 
able habitat, and they do not create facilities (e.g., 
for storing food or roosting) that would magnify 
variation in territory quality. 

If the physical limits of suitable habitat on 
small islands give rise to mockingbird territorial 
groups, are other Gal/tpagos landbirds similarly 
affected? In general, the answer is no. The only 
other resident bird that is a frequent cooperative 
breeder is the endemic hawk. Gal/tpagos hawks 
live in monogamous pairs or in polygyandrous 
groups whose territories fill all preferred habitat; 
the amount and quality of other available habitats 
may, by affecting survival rates of non-territorial 
birds, give rise to inter-island variation in group 
size (Faaborg etal. 1980). Unlike the mock- 
ingbirds, however, the hawks form groups through 
recruitment of adults from a non-territorial pool 
of non-breeders, rather than through delayed dis- 

persal. Additional demographic information is 
needed to determine whether habitat availability 
or inherent benefits of group living (e.g., Bednarz 
1988) best accounts for the maintenance of hawk 
groups. Among the other landbirds, breeding ecol- 
ogy and social organization has been examined 
only in the ground finches (Geospiza spp.). The 
finches never maintain stable social groups, breed- 
ing instead in monogamous pairs on small all-pur- 
pose territories (Grant 1986). Helping in finches 
has been recorded only in one year when males 
of two species, Geospiza fortis and G. scandens, 
greatly outnumbered females on Daphne Major; 
all helpers were unpaired males attending nests of 
territorial neighbors (Price etal. 1983). Demo- 
graphic differences between the mockingbirds and 
the finches are small (Curry and Grant 1989a) and 
probably cannot account for their divergent social 
systems. The finches differ from the mockingbirds 
in feeding ecology and territoriality: the habitat 
available for finch territories, even on an island 
such as Genovesa, represents a mosaic of patches 
varying in quality both spatially and temporally 
(Grant and Grant 1987). As a result, finches are 
subject to fewer constraints on dispersal and breed- 
ing (see Curry and Grant 1989a, b for more com- 
plete discussion). To varying degress, these finches 
also abandon their territories to form temporary 
feeding flocks in the dry season (Schluter 1984; 
Grant 1986), which suggests that they experience 
a more seasonally variable food supply than the 
omnivorous mockingbirds. Such variability may be 
associated with larger fluctuations in finch 
numbers, which would further inhibit the forma- 
tion of stable social groups (Ford et al. 1988). 

The different forms of social organization with- 
in Nesomirnus fall within the range of variation 
exhibited by other mockingbirds (Mimus spp). 
Mainland populations of the northern mock- 
ingbird (M. polyglottos) occupy a wide range of 
habitats and individuals can disperse over large 
distances (Kale and Jennings 1966). This species 
lives as simple pairs on all-purpose territories dur- 
ing the breeding season or, rarely, in polygynous 
trios (Laskey 1962; Logan and Rulli 1981; Breit- 
wisch et al. 1986). Both the northern mockingbird 
and the Bahama mockingbird (M. gundlachii) simi- 
larly live in pair-only territories on islands in the 
northern Caribbean (Aldridge 1984; Curry, un- 
published data). At least three of the seven South 
American species are more social. Groups of long- 
tailed mockingbirds (M. longicaudatus) larger than 
two persist during the breeding season in Ecuador, 
and joint nesting probably occurs (Marchant 
1960). Chalk-browed mockingbirds (M. saturnin- 



us) in Argentina usually breed in pairs, but helping 
behavior in groups of up to five adults has been 
documented (Fraga 1979). Tropical mockingbirds 
(M. gilvus) live in groups as large as five adults 
on mainland Venezuela (Skutch 1968), where both 
helping and joint nesting occur (E. Laurent, per- 
sonal communication), and in groups of up to 
three on insular Bonaire (R.L. Curry, pers. obs.). 
These patterns illustrate that among mockingbirds, 
group territoriality and cooperative breeding are 
not unique to the Galfipagos, or to island popula- 
tions: highly social and less social populations 
both occur on islands as well as in mainland set- 
tings. Expanded comparative research on popula- 
tions of Mimus would be a profitable route for 
further investigation of ecological influences on co- 
operative social organization. 
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