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the historic structures. To prevent disturbance to the
colony, human access to the bat roosting areas should be
restricted. The construction of bat gates over mine
entrances that allow bats to enter, but preclude people, has
resulted in the increase in bat numbers in both maternity
and hibernation colonies of Plecotus (Pierson et al. 1991;
Saugey 1991; G. Fellers 1994; C. Stihler 1994, pers.
comm.; P. Brown pel's. obs.). A similar batTier could be
installed at the entrance to the "bakery."

Pallid bats (Antrozous pallidus) also roost in build­
ings on Santa Cruz Island, but they tend to hide in crevices
between the bricks and are less conspicuous and accessi­
ble. Radio-telemetry studies of Antrozous on the island
have shown a different foraging and roosting behavior
than is reported in the present paper for Plecotus (Brown
1978-1991, unpubl. data). Female Antrozous form a
maternity colony in spring and summer in the cow barn at
the Stanton Ranch, while males roost alone in rock
crevices. Both sexes forage among oak woodlands and
nonnative grasslands for large beetles and Jerusalem
crickets (Stenopelmatus ji/scus) that are captured on or
near the ground. The increase of grasslands after European
man developed the island may have enhanced foraging
habitat for this bat species. Most individual pallid bats
gather after foraging at the night roost on the second floor
of the horse barn. For some males, the barn is 5 km from
their foraging area and day roost, and the nightly commute
is apparently for socialization.

In contrast, Plecotus commute several kilometers
from the day roost to forage among native vegetation, and
then night roost near their foraging areas. The signals of
the night-roosting Plecotus were in different areas, signi­
fying that they either roosted alone or in the company of
non-telemetered bats. Although lush vegetation has been
planted near the ranch, the bats did not feed in this area
during the radio-telemetry study. Other research has
shown that Plecotus feed primarily on moths (Dalton and
Brack 1986). During some periods in summer, large num­
bers of moths appear near the ranch buildings, and the res­
idents there report the area littered with moth wings in the
morning (D. Owens 1992, pel's. comm.). Probably these
are the result of Plecotus opportunistically feeding closer
to their roost. Studies conducted at different seasons on
Santa Cruz Island could show different foraging strategies
for Plecotus. The results of this radio-telemetry study do
implicate the importance of native vegetation to this
species and may have relevance to conservation and man­
agement issues in other geographic locations.

Conclusions

Plecotus townsendii on East Santa Cruz Island prefer
to day roost as a large colony in a cave-like building, but
use shallow rock caves for night roosting and can use them
as day roosts if necessary. The construction of buildings

on Santa Cruz Island has altered the bats' roosting behav­
ior. In midsummer, Plecotus forage primarily among
native vegetation along north-facing slopes of mountains,
sometimes at distances of more than 4 km from their day
roost, by-passing the lush nonnative plantings near the day
roost.
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Abstract. Passerine birds typically are reproductively
competent and breed when they are 1 yr old. When suit­
able breeding habitat is saturated with breeding pairs,
delayed reproduction and non-reproducing "floaters" can
occur. In the endemic Santa Cruz Island scrub jay
(Aphelocoma coerulescens illsularis), 85% of young birds
do not gain reproductive status until 3 yr of age or older.
Unlike some other populations of this species, these jays
do not exhibit cooperative breeding, and remain as long­
term t10aters until breeding status is achieved, forgoing
any indirect component of inclusive fitness. The availabil­
ity of marginal and undefended habitat facilitates this indi­
vidualistic strategy.

Keywords: Santa Cruz 1sland; scrub jay; Aplzelocoma coerlilescells;

illsularis; cooperative breeding; survival; demography.

Introduction

Island populations offer unique opportunities to
examine a number of evolutionary processes. Island bird
populations have been previously shown to exhibit pro­
nounced differences from their mainland counterparts in
size and morphology (Murphy 1938; Grant 1965, 1967;
Johnson 1972; Power 1980), reproductive behavior and
demography (Blondel 1985), as well as population densi­
ty and habitat utilization (MacArthur et a!. 1972; Cox and
Ricklefs 1977; Emlen 1979; Wright 1980; Blondel et al.
1989). Thus, study of the population biology and demog­
raphy of the Santa Cruz Island scrub jay (Aphelocoma
coerulescens insularis), a distinct population of the wide­
spread North American scrub jay (A.O.D. 1983; Pitelka
1951), should be informative.

The Santa Cruz Island scrub jay is confined to Santa
Cruz Island, the largest of the northern Channel Islands of
coastal southern California (Philbrick 1967). It is the most
highly differentiated element of the endemic Channel

Islands avifauna, being distinctly brighter in coloration
(Pitelka 1951) and larger (Pitelka 1951; Atwood 1978;
Isitt 1989; pel's. obs.) than adjacent mainland scrub jays. It
has also been shown to be genetically distinct from other
scrub jay populations (Peterson 1992).

Previous studies of the Santa Cruz Island scmb jay
(Atwood 1978, 1980a, 1980b) have shown it to be seden­
tary, permanently territorial, monogamous and lacking the
distinctive cooperative breeding system of the Florida
scrub jay (Aphelocol1lQ coerulescens coerulescens)
(Woolfenden and Fitzpatrick 1984, 1990; Fitzpatrick and
Woolfenden 1986). Annual survival of breeding adult
Santa Cruz Island scrub jays is exceptionally high for a
passerine bird (Atwood et a!. 1990). Young birds show a
delay of up to several years in the acquisition of territories
and breeding status (Atwood 1980b; Atwood et al. 1990),
which is not the case for mainland California scrub jays
(Ritter 1972,1983; Carmen 1988, M. 1. Elpers 1993, pel's.
comm.) but which is typical of the cooperatively breeding
Florida scrub jay (Woolfenden and Fitzpatrick 1984).

Herein we present additional data on the demography
of the Santa Cruz Island scrub jay with special attention
being given to the survival of pre-breeding individuals and
the age of first breeding. The relation of these demograph­
ic parameters to the observed social system of the Santa
Cruz Island scrub jay is also considered and comparisons
made to both cooperative and non-cooperatively breeding
mainland populations of scrub jays.

Methods

Santa Cruz Island, located 30 km off the coast of
Santa Barbara, California, is the largest and most topo­
graphically diverse of the Channel Islands. It covers 249
km and rises to 753 m in elevation with 6 major vegetation
zones (Philbrick 1967; Johnson et al. 1968; Minnich
1980). The study area, located in the island's dominant
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Results

Survival of Pre-breeders

Known-age (HY and SY) birds banded on the study
plot were used to calculate pre-breeder survival. Since
most young birds were not banded until their first fall, the
analysis begins at age 0.5 yr. Additional young birds were
added during the following spring (SY) when nearly I yr
of age. Survival rates increase sharply from a low of 52%
at I yr of age to 85% at 2.0 yr of age (Table I), which is
equivalent to the annual survival of all adult breeding
birds and known-age adult breeder survival rates from 3 to
6 yr of age (Corey 1994). This is an exceptionally high
survival rate for any passerine bird (Ricklefs 1983) and is
attained by Santa Cruz Island scrub jays well before the
average age of first breeding. Similarly, the proportion of
the population of pre-breeders shows a sharp decline from
0.5 to 2 yr, at which point survivorship begins to level off
and stabilize (Corey 1994). These values reflect minimum
survivorship estimates, since no correction has been made
for dispersal of pre-breeding birds. Such dispersers would
be included among those banded jays that disappeared
from the plot and were assumed to have died. Even so,
survival of pre-breeding Santa Cruz Island scrub jays is
high and inclusion of the few dispersers would not expect­
edly increase these values significantly.

Discussion

Among passerines, delayed breeding is an atypical
phenomenon. The vast m~ority of these species first breed
when they are about 1 yr old (Ricklefs 1973, 1983; Gill
1990). Included in this category are several populations of
scrub jays in which acquiring a territory and breeding by
yearling birds is commonly observed: A. c. superciliosa
(Ritter 1972, 1983); A. c. obscura (M. J. Elpers, unpub.
data). In the most thoroughly studied of these populations,
29% of territory vacancies of A. c. californica were filled
by yearling males, and 50% by yearling females (Carmen
1988). All of these populations, as also true of Santa Cruz
Island scrub jays, are not cooperative breeders. In the
cooperatively breeding Florida scrub jay, the age of first
breeding is commonly delayed for 2-3 yr and up to 5 yr in
some males (Woolfenden and Fitzpatrick 1984, 1990).

Delayed reproduction is, in fact, typical of most coop­
erative breeding birds (Smith 1990). Florida scrub jays
inhabit a unique habitat, Florida scmb, with sharp ecoton­
al boundaries. This habitat is restticted and contiguously
filled with sharply delineated tenitoties (Woolfenden and
Fitzpatrick 1984, 1990). Prior to obtaining breeding status,
young Florida scmb jays remain on the parental territory
where they engage in a variety of cooperative behaviors
including sentinel behavior (McGowen 1989) and assist
with the rearing of subsequent broods (Woolfenden 1975;
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Sample Survival
Age (yr) N surviving rate

0.5-1.0 91 47 0.5165

1.0-1.5 99 69 0.6969

1.5-2.0 70 60 0.8571

2.0-2.5 60 58 0.9666

2.5-3.0 58 52 0.8966

3.0-3.5 50 49 0.9800
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Table 1. Biannual survivorship of known age jays, 0.5-3.5 years.
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Figure 2. Age of first breeding for 110 unknown-age
Santa Cruz Island scrub jays.

plot and observed in September 1991 on the slope above
Pelican Bay 2 ken north and over a 1,250-m ridge from the
study site (w. Wehtje 1993, pers. comm.).

The average estimated age of first breeding for jays
banded as unknown-age pre-breeders was substantially
higher than for known-age birds (Fig. 2). [With unknown­
age birds, age of first breeding is assumed to be minimal­
ly 3 yr and determined by a combination of plumage
characters and the average age of first breeding for
known-age birds (Corey 1994).J However, this approach
excludes the possibility of any 1- and 2-year-old breeders
among the unknown-age category, the addition of which
would slightly lower the average.

Some individuals appeared to take up to 9 yr to
acquire breeding status on our study plot. However, most
of the jays that were not detected as breeders until an age
of 7 or greater were birds on territories adjacent to the
original, smaller study plot. As a result, they were not ini­
tially recorded until these areas were subsequently includ­
ed in the enlarged study plot. These birds may well have
bred in these same areas in prior years. Thus, 6 yr seems
to be the best documented maximum age of first breeding
in Santa Cmz Island scrub jays.
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Figure 1. Age of first breeding for 41 known-age Santa Cruz

Island scrub jays.
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Between 1980 and 1992, 147 jays were banded dur­
ing their first year, both as hatching year (HY) and second
year (SY) birds (U.S. Fish and Wildlife 1991), and hence
were of known age. Of these, forty-one (27.9%) subse­
quently acquired breeding status on the study plot. The
distribution of age of first breeding was similar in both
sexes. The differences were not significant (X2 = 5.14, P <
0.01 ), and data for both sexes were combined for further
analysis. Most commonly the age of first breeding for both
sexes was 3-4 yr (Fig. I) with the average age of first
breeding being 3.59 yr (± 0.04 SD ). Santa Cruz Island
scrub jays rarely breed at ages I and 2 (14.6%), although
at least some birds are apparently physiologically capable
of doing so during these early years. For other individuals
(14.6%), first breeding did not occur until ages 5 and 6
(Fig. I). The extreme sedentariness of breeders (Atwood
1980a; Atwood et al. 1990) makes it unlikely that any of
these birds were breeding elsewhere at an earlier age and
subsequently moved into the study plot.

The amount of dispersal of young jays and older non­
breeders is still unknown, even though attempts were
made to locate dispersers of any age in the areas immedi­
ately surrounding the study plot. A total of 8 breeding pairs
with at least I banded mate have been found in areas adja­
cent « 0.4 ken) to the main study plot. Five of these pairs
involved known-age birds that were banded as HY/SY
birds on the study site and dispersed to nearby areas. Only
2 banded birds have been observed at longer distances
from the study plot. One was an older non-breeding bird
banded on the plot and seen at Christie Ranch 13 ken to the
west in 1976,55 dy later (Atwood 1978, 1980a). The sec­
ond was banded as a known-age bird (HY/SY) on the study
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east-west oriented central valley, comprises approximate­
ly 250 ha of oak woodland, chaparral, Eucalyptus groves,
Baccarhis thickets, and grassland surrounding the
University of California's Santa Cruz Island Reserve field

station (Atwood 1978).
Both breeding and non breeding jays are individually

color-banded with 3 colored plastic bands and I U.S. Fish
and Wildlife Service numbered aluminum band. Wire
cages with drop doors propped up by a stick and baited
with peanuts are used to selectively catch a targeted jay.
Young jays are usually banded during their first fall; older
birds are captured at all times of the year for initial band­
ing or re-banding to replace worn or lost plastic bands.
The color-banded population of Santa Cruz Island scrub
jays followed in this study was expanded from approxi­
mately 19 pairs in 1975 to 61 pairs in 1992 and has been
censused at least once in the fall and once in the spring
during this period. All banded birds observed are recorded
each trip. The age of unbanded birds was determined using
the diagnostic shape and color of juvenal rectricies, alular
coverts and quills (Piteika 1945; Seel 1976). These feath­
ers are retained until the late summer of their second year
at which time they undergo their first complete pre-basic
molt. In the field, sexes are distinguished by a sex-specif­
ic "rattle" call emitted by a territorial female. This nor­
mally occurs in the presence of her mate, when other jays
intrude onto her territory (Atwood 1980a); this is homolo­
gous with the "bUlT" vocalization of the Florida scrub jay
(Woolfenden and Fitzpatrick 1984).

Sighting a banded jay in the study area is normally
not difficult as the birds are readily attracted to peanuts.
Consequently, when censuses are taken, territorial breed­
ers are rarely missed unless a death has occurred although
females are particularly elusive during the spring when sit­
ting on eggs. To avoid mistakenly scoring a bird as miss­
ing when it was not observed, breeding birds were only
considered missing if not seen during 2 consecutive sea­
sons (spring and fall). A breeding bird was considered dead
if not observed for 3 trips in a row. Usually a replacement
mate soon takes the place of a missing breeder, reinforcing
the indirect evidence for death. In only 10 cases out of a
total of nearly 800, have we, at a later date, sighted a jay
that by the above criteria had been presumed dead. This
was usually due to the rare cases of divorce, in which jays
from nearby territories changed mates (Atwood 1980c;
Woolfenden and Fitzpatrick 1984; Carmen 1988). In a few
other cases, a jay was unable to hold onto a territory when
its mate died, and was evicted or squeezed out to a new or
peripheral location (pers. obs.). Both of these scenarios
caused some dispersal among the otherwise permanently
located breeders. However, this has been observed in only
4% of pairs in the study population and did not significant­
ly impact the survival rates reported here.



374 Collins, C. T. and Corey, K. A. - Delayed Breeding in the Santa Cruz Island Scrub Jay - 375

Woolfenden and Fitzpatrick 1984). Young birds obtain a
breeding territory by making occasional forays through
other established territories in search of vacancies, which
they then attempt to fill. If no vacancies are found, they
return to the home territory between forays. On the home
territory they are not pursued by resident territory holders
and can accrue the benefits of group living (Woolfenden
and Fitzpatrick 1984).

The evolution of cooperative breeding in Florida
scrub jays has usually been linked to habitat saturation and
limited opportunities for juvenile dispersal (Woolfenden
and Fitzpatrick 1978, 1984; Koenig and Pitelka 1981; but
see also Burt and Peterson 1993). However, cooperative
breeding is a widespread phenomenon within New World
jays (Pitelka 1951; Brown 1974; Woolfenden 1975;
Peterson and Burt 1992; Burt and Peterson 1993 ) and
"may be ancestral rather than a recently and repeatedly
derived characteristic" (Atwood et aI. 1990). Thus its
absence in Santa Cruz Island scrub jays may in fact be a
derived characteristic in this population. Alternatively, the
absence of cooperative breeding in Santa Cruz Island
scrub jays may result from the earlier loss of this behavior
in western mainland populations ancestral to Santa Cruz
Island scrub jays (Peterson 1992). In which case, the ques­
tion of interest may not be "Why did cooperative breeding
not evolve in Santa Cruz Island scrub jays" but "Why was
it lost in ancestral mainland scrub jays and not secondari­
ly reacquired in Santa Cruz Island scrub jays?" From
either perspective, maintenance of the current pattern of
Santa Cruz scrub jay demography and social behavior is
rooted in the ecological conditions extant on Santa Cruz
Island at present.

The pattern shown by the Santa Cruz Island scrub jay
is, in some ways, intermediate between that of the cooper­
ative breeding Florida scrub jay and western mainland
populations of non-cooperative breeding scrub jays. Santa
Cruz Island scrub jays have the delayed breeding pattern
typical of the Florida scrub jay and other cooperative
breeding birds but, like the western scrub jays, do not
exhibit the complex cooperative breeding social system
(Atwood 1978, 1980a). The principal difference may lie
with the habitats these jays inhabit. Florida scrub jays are
restricted to a single, distinct, patchy habitat that is usual­
ly saturated with strongly defended territories of breeding
pairs. Thus the optimal strategy for young birds seems to
be to remain on the parental territory, obtain the mutual
benefits of cooperative breeding, and use it as a home base
from which to explore for a breeding vacancy (Fitzpatrick
and Woolfenden 1984; Woolfenden and Fitzpatrick 1984).
Western scrub jay populations, including the Santa Cruz
Island scrub jay, inhabit much more diverse habitats with
rllixtures of suitable and unsuitable, optimal and marginal
areas for breeding (Atwood 1980b; Ritter 1983; Carmen
1988). Young birds can pursue a more clearly individual or

"selfish" strategy by leaving the parental territory within 3
mo and wandering through available habitats in search of
a place to set up a territory or the opportunity to replace an
established breeder.

As documented by Carmen (1988), young mainland
scrub jays leave the parental territory at an age of 2-3 mo
post fledging and take up the role of a wanderer until
becoming a breeder. They wander extensively through the
territories of established pairs as well as marginal habitats.
They are largely tolerated by the resident breeders, partic­
ularly during their distinctive brown-headed, juvenal
plumage stage. During the following fall and winter the
young jays wander over a somewhat prescribed home
range area encompassing between 5 to 9 adult territories.
They form semi-stable aggregations of similar-aged, pre­
breeding individuals that are frequently encountered in the
same general home range. The lack of aggression noted
between any adults and these young birds suggests that the
young are tolerated on the parental territory. Their depar­
ture and resultant status as wanderers is a matter of indi­
vidual strategy rather than their having been excluded or
chased off the parental territory as in the green jay
(Cyanocorax yllcas) (Gayou 1986).

Intense territorial defense, which excludes pre-breed­
ing wanderers as well as other territorial adults, is limited
to a brief period between late April and the beginning of
July (Carn1en 1988). This period starts well after the time
of copulation and egg laying but starts before the end of
fledging (Carmen 1988). During this period, the excluded
pre-breeding jays are much less often encountered and
presumably wander more extensively, making use of the
seasonally increased abundance of insect food (Carmen
1988). Their more restricted wanderings during the fall
and winter may represent a comprorllise between the
advantage of exploring for breeding opportunities and the
advantage of staying in an area where food, particularly
acorns, can be stored and subsequently retrieved as part of
the winter and early spring diet (Carmen 1988).

Our more limited data on young Santa Cruz Island
scrub jays indicate a pattern of pre-breeder dispersal and
wandering largely sirllilar to that reported by Carmen
(1988) for mainland scrub jays. Young Santa Cruz Island
scrub jays leave the parental territory by the age of 3 mo
(Atwood 1978, 1980a; pers. obs.) and are wanderers until
breeding status is achieved, usually not until the age of 3
or 4 yr. Although they may, at times, form aggregations in
marginal habitats (Atwood 1978, 1980a), they also wander
extensively through and along the margins of adult territo­
ries (pers. obs.). Intense territoriality of breeding adults
appears lirllited to the few months encompassing the peak
of the breeding cycle. During this time pre-breeders may
make even greater use of marginal habitats. At other times
of the year the pre-breeding wanderers are found over
areas encompassing several adult territories and seem to

be utilizing an enlarged home range similar to that report­
ed by Carmen (1988) for mainland scrub jays. During the
period of peak acorn production in fall, large numbers of
Santa Cruz Island scrub jays of all ages can at times be
found concentrated at locations where a single oak tree or
group of trees provides an abundant supply of acorns
(Atwood 1978, 1980b; pers. obs.). These groups, which
can reach 50-100 individuals (Atwood 1980b; pers. obs.),
can include territory holding adults that have crossed 6-7
territories from up to 1.2 km away to reach the foraging
site. Pre-breeding wanderers also make up a substantial
portion of the jays foraging at these productive oak trees.
The adult breeders tended to return to their home territo­
ries to cache their acorns (pers. obs.). Stored acorns are
presumably an impOltant component of winter and early
spring diets of Santa Cruz Island scrub jays as they are for
mainland scrub jays (Carmen 1988) and may similarly
influence the more prescribed range of Santa Cruz Island
scrub jay wanderers during the fall to spring time period
(pers. obs.). Long distance dispersal data for Santa Cruz
Island scrub jays is limited to observations of the 2 color­
banded individuals, noted above, which were observed
more than 1 km away from the study plot.

The greater delay in acquiring breeding territories by
Santa Cruz Island scrub jays compared to mainland scrub
jays (Carmen 1988; M. J. Elpers 1993, pers. com.) is quite
likely related to the few vacancies available each year,
which are in turn due to the high survival rate of breeding
adults (Atwood et ai. 1990; Corey 1994). This implies that
most or all suitable breeding habitat is saturated witllln
existing territories. Although detailed data are lacking,
suboptimal or marginal areas that can sometimes be uti­
lized, particularly by first time breeders, appear less com­
mon on Santa Cruz Island than on mainland areas.

Dispersal into less familiar surroundings has general­
ly been considered to make the disperser or wanderer
more vulnerable to predation (Metzgar 1967). In the
Florida scrub jay, pre-breeding females that disperse earli­
er and further than males (Woolfenden and Fitzpatrick
1978, 1984) have been shown to have a higher mortality
rate during the dispersal period (Woolfenden and
Fitzpatrick 1984). In Santa Cruz Island scrub jays, pre­
breeder mortality is lllghest during the first year of life as
is typical of many species (Ricklefs 1973, 1983; Gill
1990). However, by the end of the first year, Santa Cmz
Island scrub jay survival has reached a level (> 85%)
equivalent to that of territorial adults, even though indi­
viduals may not become territory holders for up to 2-3 or
more additional years.

Group breeding in which 1 to several non-breeding
individuals help the breeding pair feed and care for their
young is now known for a number of species (Rowley
1976; Stacey and Koenig 1990). Typically, helpers have a
close genetic relatedness to the adults they are helping

(Woolfenden and Fitzpatrick 1984; Koenig and Mumme
1987; Stacey and Koenig 1990; but see also Ligon and
Ligon 1979; Brown and Brown 1980). This has suggested
that the helpers may be able to increase their representa­
tion of their genes in the population by helping raise relat­
ed young (Hamilton 1964; Mumme 1992) and that this
indirect component of kin selection underlies the evolu­
tion of helping behavior (Brown 1974, 1987; Stacey and
Koenig 1990). If this were in fact a significant influence
on the evolution of cooperative breeding, Santa Cruz
Island scrub jays would be expected to exhibit cooperative
breeding, thereby increasing their inclusive fitness, during
their prolonged pre-breeding period. The absence of coop­
erative breeding in Santa Cruz Island scrub jays and their
abandonment of any indirect fitness strongly suggest that
they are following a purely selfish individual strategy, one
wlllch is most likely to result in their obtaining reproduc­
tive status, as also suggested for the cooperatively breed­
ing Florida scrub jay (Woolfenden and Fitzpatrick 1984).

Other suggestions concerning the evolution of coop­
erative breeding in birds have been presented by several
authors (Koenig 1981; Koenig and Pitelka 1981; Emlen
1982, 1991; Woolfenden and Fitzpatrick 1984; Fitzpatrick
and Woolfenden 1986; Brown 1987; Smith 1990). As pre­
viously noted, cooperative breeding usually occurs in eco­
logically unique settings where free access to successful
breeding is in some way limited (Fitzpatrick and
Woolfenden 1986). Heavy predation, localization of some
critical resource (breeding habitat, nest site, concentrated
food source) and unpredictable food supply are other eco­
logical factors contributing to a lirllited access to success­
ful breeding (Fitzpatrick and Woolfenden 1981; Koenig
and Pitelka 1981).

Corresponding with these factors is often the pres­
ence of sharp ecotones between prime habitats (where sur­
vival and successful breeding can occur) and unusable
habitats (Woolfenden and Fitzpatrick 1984). In the coop­
eratively breeding acorn woodpeckers (Melanerpes formi­
civorous), supurb blue wren (MaZza'us cyaneus), and
white-fronted bee-eaters (Merops bullockoides), any
opportunity for early dispersal and breeding is taken
advantage of when habitat and food are available. This
implies that these normally cooperative breeding birds
will readily pursue a selfish individual strategy to become
successful breeders on their own when possible (Rowley
1965; Emlen 1991). Where breeding is possible during the
first year, even on marginal habitat, most passerine species
disperse early, thereby forgoing any benefits of group Liv­
ing or indirect fitness (Gill 1990; Ricklefs 1973). When
ecological factors prevent independent breeding as in the
Florida scrub jay, the advantages of group living become
important. These include increased individual fitness
through increased predator detection and survival and a
better chance of acquiring a territory in high quality habi-
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tat (Woolfenden and Fitzpatrick 1984, 1990; Stacey and
Ligon 1987; Carmen 1988; Fitzpatrick and Woolfenden
1988). However, in at least one population of scrub jays in
southern Mexico, cooperative breeding persists despite
apparent absence of habitat limitation or habitat saturation
(Burt and Peterson 1993).

In the Santa Cruz Island scrub jay, pre-breeding
floaters are observed both in and out of the territories of
breeding adults. This suggests refuges for pre-breeding
jays do exist and are utilized until a breeding vacancy is
found, a process that sometimes takes up to 6 yr (Atwood
1980a; this study). When given the opportunity, first year
Santa Cruz Island scrub jays will attempt to breed and are
physiologically competent at this time. This lends addi­
tional support to the view that delayed breeding, in itself,
does not lead to cooperative breeding but is a secondary
result of other ecological and demographic factors (Brown
1978, 1987; Lawton and Lawton 1986).

The individual strategy exhibited by Santa Cruz
Island scrub jays entails early dispersal from the parental
territory in search of suitable breeding habitat or the
oppOItunity to replace a deceased breeding adult. This
often prolonged dispersal strategy does not result in a
decrease in survival as noted in the Florida scrnb jay
(Woolfenden and Fitzpatrick 1978). Given the long lifes­
pan of Santa Cruz Island scmb jays of up to 18 yr (Corey
1994), lifetime reproductive fitness may still be high
despite prolonged delays in acquiring breeding status.

The relative lack of predators on Santa Cmz Island
has also undoubtedly helped in shaping the current social
system (Atwood et al. 1990). The impact of avian preda­
tors appears to be minimal, and neither predator detection
through sentinel behavior nor flock foraging to provide
safety in numbers appears to be requisite. The occasional­
ly observed groupings of Santa Cmz Island scmb jays may
result in increased predator detection, but whether or not
these groups are formed primarily for this purpose is
unclear.

These observations strengthen the idea that the evolu­
tion and maintenance of cooperative breeding has com­
plex ecological, evolutionary and demographic
components. It is also not restricted to only the costs and
benefits of helping behavior for both pre-breeding helpers
and breeding adults (Stacey and Koenig 1990; Mumme
1992). Fmther study of all aspects of the biology of coop­
erative breeding birds and their non-cooperative breeding
relatives will continue to be rewarding.
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Abstract. We review available information on the ecolo­
gy of island spotted skunks (Spilogale gracilis amphiala)
and island foxes (Urocyon littoralis santacruzae) on Santa
Cruz Island, with a focus on recent research, and present
new infonnation on distribution and abundance. Our
objective is to evaluate the present and future status of
skunks and foxes in the context of ongoing island recov­
ery following removal of nonnative herbivores. Overall,
foxes are abundant on Santa Cruz Island and display a
wide range of resource use. They are habitat generalists,
do not use permanent dens, are active both day and night,
and have an omnivorous diet of mice, insects, and fruits.
In comparison, spotted skunks are relatively rare and are
resource specialists. They are more specialized in their
habitat use, utilize excavated dens, are nocturnal, and have
a carnivorous diet of primaIily mice and insects. We sug­
gest that island foxes, because they are more ecologically
generalized than skunks, may initially benefit more from
island recovery and are less susceptible to impacts of the
rapidly expanding feral pig population on the island. The
relatively specialized resource use of spotted sh.'Unks, cou­
pled with their low population sizes and relatively narrow
geographical range, increases both their susceptibility to
environmental perturbations and their relative vulnerabili­
ty of extinction.

Keywords: Santa Cruz Island; California Channel Islands; island
spotted skunk; island fox; insular endemic carnivore; resource use;

nonnative species; feral sheep; feral pigs.

Introduction

Species diversity on islands is typically lower than
comparable areas of the mainland (MacArthur and Wilson
1967). Consistent with this pattern, Santa Cruz Island,
largest of the California Channel Islands, possesses a
depauperate and unbalanced vertebrate fauna (Wenner and
Johnson 1980). Despite its relatively large size (25,000 ha),
the island supports only 4 native species of non-volant, ter­
restrial mammals: the island spotted skunk (Spilogale gra­
cilis amphiala), the island fox (UroCyOll littoralis

santacruzae), the deer mouse (Peromyscus maniculatus
santacruzae), and the harvest mouse (Reithrodontomys
megalotis longicaudus) (von Bloeker 1967; but see Collins
and George 1990).

Little is known about the ecological relations of
endemic mammalian carnivores on islands because they
do not usually occur on islands (Williamson 1981; Brown
and Gibson 1983). Santa Cruz Island is, therefore, unusu­
al in that it supports not 1, but 2 species of similar-sized,
endemic mammalian carnivores, the island spotted skunk
and the island fox.

Insular ecosystems and the species they support are
particularly sensitive to disturbance by nonnative species
(Vitousek 1988; Coblentz 1990; Primack 1993).
Detrimental effects of biological invasions on islands
serve to increase extinction rates of insular endemics, rates
already high due to small populations, narrow ranges, and
low genetic diversity (Vitousek 1988). Unfortunately,
Santa Cruz Island is no exception to the biological inva­
sions so prevalent on islands. Long-tenn overgrazing by
feral sheep, as well as domestic cattle, has resulted in
severe environmental degradation on the island (Van
Vuren and Coblentz 1987, 1989; Brumbaugh 1980; Hobbs
1980; Minnich 1980). Because of this damage, nearly
38,000 sheep were removed from the island in the early
1980s (Schuyler in press). Cattle were removed when the
island's ranching operation was discontinued in 1988.

Removal of nonnative herbivores from islands is
highly desirable because of the severe damage they cause
to island ecosystems (Van Vuren and Coblentz 1987;
Bratton 1988; Coblentz 1990); dramatic recovery of insu­
lar plant communities typically results (Hamann 1979;
Meurk 1982; Scowcroft and Giffin 1983). Recovery, how­
ever, may not always lead to the full restoration of Oligi­
nal communities. Release from grazing pressure may
favor the spread of undesirable nonnative plants that can
outcompete endemic species (Taylor 1968; Scowcroft
1987). Further, recovery of plant communities may
improve habitat quality for nonnative animals, such as
feral pigs (Sus serofa), that themselves cause damage to
island resources (Van Vuren 1981).
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