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Abstract. Feral goats (Capra hircus) severely degraded
endemic biota on San Clemente Island, resulting in the
listing of 4 plants, 2 birds, and 1 reptile as threatened or
endangered. The U.S. Navy instituted an intensive feral
goat eradication program in 1972. After 17 yr, remnant
groups of feral goats were still present and the “Judas”
goat technique, exploiting the gregarious nature of the
goats, was implemented in June 1989. Between June
1989 and April 1991, 263 feral goats had been killed on
San Clemente Island. Natality, survivorship, and physio-
logical condition of San Clemente Island goats were
higher and mortality rates lower than other feral goat
populations, presumably because of the unusually low
density of goats on San Clemente Island. This feral goat
population exhibited a compensatory rate of increase as a
result of eradication efforts.

Keywords: Capra hircus; eradication; feral, goat; goats; Judas;
radio-telemetry; San Clemente Island.

Introduction

The U.S. Navy instituted an intensive feral goat
eradication program on San Clemente Island, California,
in 1972. Despite the removal of more than 28,000 goats
between 1972 and 1989, feral goats persisted and contin-
ued to damage native flora and fauna (J. XK. Larson 1993,
pers. comm.). Eradication planning and implementation
did not include data collection of population characteris-
tics or goat ecology. Consequently, no data, other than
numbers removed and costs of control efforts, were avail-
able. Traditional eradication methods were not effective
on San Clemente Island, and goat population responses to
these methods are unknown. To better understand feral
goat responses to population reductions, an intensive sus-
tained control effort was implemented using the Judas

goat technique (Taylor and Katahira 1988). This proce-
dure allowed remnant feral goats to be located and elimi-
nated on San Clemente Island.

Hunting can be a form of compensatory mortality if
breeding stock and their subsequent reproductive rates
are unaffected (Peek 1986). For San Clemente Island
goats, the intent was for hunting mortality to be additive,
that is, causing mortality in excess of the populations’
ability to compensate through increased natality or sur-
vivorship, and thereby reducing feral goat population
densities.

Feral goats have a relatively high reproductive
potential for an ungulate; gestation is 150 dy and goats
reach sexual maturity at 6 mo of age (Yocum 1967).
Multiple births are common (Rudge 1969; Baker and
Reeser 1972; Parkes 1984) and females may give birth
twice a year (Rudge 1969; Ohashi and Schemnitz 1987).
These reproductive traits allow feral goats to respond to
population reductions with increased natality (Coblentz
1982; Parkes 1984). Parkes (1984) documented an
increase in goat productivity after population reduction
on Raoul Island, New Zealand. Furthermore, Rudge and
Smit (1970), using a fixed value for rate of increase, pre-
dicted that a goat population reduced by 80% could
rebound to 90% of the original level in only 4 yr. Feral
goats have a considerable capacity to increase in number
and respond to control efforts in a compensatory manner.
Unless control programs are financially insured in perpe-
tuity, protection of a natural community from the negative
effects of goats requires complete eradication of feral
populations. Furthermore, considering long term effects,
eradication is probably less expensive and more ecologi-
cally efficient than perpetual control.

The Judas goat technique helped eliminate 263 feral
goats on San Clemente Island between June 1989 and
April 1991 (Keegan et al. 1994). Two-hundred and nine-
teen carcasses were examined to determine if natality,
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survivorship, and condition of San Clemente Island goats
varied with decreases in population size. However,
because no baseline data was available, inferences were
made by comparing San Clemente Island goats with goats
from other oceanic islands. For these comparisons, we
assumed reproductive and condition parameters of San
Clemente Island goats, prior to the inception of control
programs, were similar to ferat goat populations on other
islands in Aldabra, Australia, British Columbia, Hawaii,
New Zealand, and on neighboring Santa Catalina Island,
California.

Study Area

San Clemente Island is located approximately 100
km west-northwest of San Diego, California, and is the
southernmost of the 8 Channel Islands. The island is 34
km long, from 1.6 to 6.5 km wide and is approximately
148 km? in area.

The climate on San Clemente Island is semi-arid
maritime with mean summer and winter temperatures of
18° and 12° C, respectively (Kasaty 1978). Average annu-
al precipitation is 16 cm (Kasaty 1978), but 1989 to 1991
were the third to fifth consecutive years of drought.
Precipitation was < 8 cm/yr and resulted primarily from
morning fog; thus, plant productivity on San Clemente
Island was low throughout the study.

Most of San Clemente Island is densely vegetated
with several species of cacti (Opuntia spp.,
Bergerocactus spp.) and exotic annual grasses. Island oak
(Quercus tomentella), Catalina Island ironwood
(Lyonothamnus floribundus), and Island cherry (Prunus
Iyonii) occasionally occur in canyon bottoms.

Methods

The study was conducted from June 1989 until April
1991, Twelve female goats (8 in June 1989 and 4 in April
1990) were captured by net-gun on Santa Catalina Island,
California, transported by helicopter to San Clemente
Island, and fitted with radio-collars. These Judas goats
were then released into canyons known to contain feral
goats and were located as often as naval operations
allowed, sometimes daily. We identified all individual
goats they encountered by variations in age, coat color or
pattern, horn shape or size, and association with other
group members (i.e., juvenile with its mother).

An initial evaluation of the Judas goat technique was
conducted from 15 to 18 September 1989; 28 goats asso-
ciated with 3 Judas goats in 3 canyons were shot. After an
additional 5 mo of data collection, an intense eradication
effort began in February 1990. Ground shooting was con-
ducted throughout the study, and was combined with peri-

odic aerial gunning after April 1990.

The Judas goat technique helped eliminate 263 feral
goats on San Clemente Island by April 1991. Age, sex,
condition, and reproductive data were recorded (n =219)
to determine whether the recently reduced San Clemente
Island feral goat population exhibited a compensatory
increase in recruitment and/or improved condition.

Sex was determined for 262 of the 263 goats killed,
and necropsies were performed on 219 (83.3%); the other
44 were killed at locations where they could not be
reached safely. The chi-squared goodness-of-fit statistic
(Devore and Peck 1986) was used to determine if adult
and fetal sex ratios varied from 1:1. Age was estimated to
the nearest month by tooth eruption and wear (Silver
1970). Five age classes were established: birth to 0.5 yr,
>0.5yrtolyn,>1yrto2yr,>2yrto3yr and > 3 yr.

Physiological condition was quantified with a sub-
jective kidney fat index (KFI) in which 1 = no fat around
kidneys (poor condition), 2 = a thin layer of fat partially
covering the kidneys (fair condition), 3 = a thin layer of
fat surrounding the kidneys (good condition), and 4 =kid-
neys surrounded by a thick layer of fat (excellent condi-
tion). Mean and standard deviations were derived for
comparative purposes.

For all female goats, teat condition (dry, lactating, or
secreting colostrum gravidarum), and reproductive status
(non-gravid or gravid uterus) were recorded. Colostrum
gravidarum is secreted from the teats of pregnant goats
before parturition (Hafez 1980). Number and sex of fetus-
es in pregnant goats were recorded and crown-rump-
lengths were measured to estimate fetal ages (Parkes
1984). Fetal and kid conception dates were determined
(assuming a 150-dy gestation period) and combined.
Natural mortalities in the feral goat population on San
Clemente Island were noted as they occurred.

From these data, we derived sex ratio, age structure,
condition, reproductive status, production and recruit-
ment, multiple births rates (twins and triplets), and intrin-
sic rate of increase.

Results
Sex and Age Structure

The overall male:female sex ratio of 1:1.5 (Table 1)
was significantly different from 1:1 (P = 0.001, n= 262).
There were more females (n = 156, 59.5%) than male
goats (1 = 106, 40.5%) in the San Clemente Island feral
goat population despite a male biased fetal sex ratio. The
fetal sex ratio was 1:0.77 (n = 62) and was significantly
different from expected (P = 0.01). However, the sex ratio
varied from 1:2.33 for single fetuses (n = 10) to 1:0.09 in
the 4 sets of triplets (n = 12).

One-hundred and sixty-one goats inhabited San
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Table 1. Age and sex of feral goats killed on San Clemente Island, California,

June 1989-April 1991.

Sex ratio

Age (yr) n % Male Female (male:female)
0-0.5 82 329 40 42 1:1.1
> 0.5-1 42 16.9 11 31 1:2.8
> 1-2 16 6.4 4 12 1:3.0
> 2-3 40 16.1 10 30 1:2.0
>3 69 27.7 35 34 1:1.0
Total 249 1000 100 149 1:1.5

Table 2. Subjective kidney fat indices of goats > 0.5 yr old killed on San Clemente Island, California,

between June 1989 and April 1991.

Kidney fat index

n 1 2 3 4 X SD
Males 91 8 14 19 50 3.2 1.0
Females
Pregnant 32 0 2 12 18 3.5 0.6
Lactating 41 0 8 11 22 3.3 0.8
Both 15 1 2 5 7 3.2 0.9
Non-reproductive 40 5 2 7 26 3.9 0.7
Total 219 14 28 54 123 33 0.9
Percentage 100 6 13 25 56
Clemente Island the day this study was initiated. During Survival

the next 16 mo, 105 births were recorded. Approximately
50% of the goats killed on San Clemente Island were < 1
yr old (Table 1).

Condition

Mean KFI was 3.3 (SD = 0.9) for 219 goats (Table
2). Kids and lactating females were under the highest
physiological stress (Oftedal 1985), but mean KFI for
these 2 groups exceeded 3.2, which may be attributed to
low population density.

Only 3 natural mortalities were recorded from June
1989 to April 1991 on San Clemente Island. A Judas goat
apparently fell off a cliff, and 2 newborn goats were killed
by a billy attempting to mate with their mother moments
after their birth. The remaining mortalities were limited to
those goats shot during the study. Excluding hunting mor-
talities, survival rate for all age classes combined during
the period of this study was 98%.
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Table 3. Reproductive condition of female feral goats > 0.5 yr old on San Clemente Island, California,

June 1989-April 1991.

Age (yr) n Pregnant Lactating Both® Non-Reproductive
(o]
June 1989-May 1990
0.5-1.0 21 6 3 3 9
> 1.0-2.0 9 7 0 2 0
> 2.0-3.0 24 6 15 2 1
>3 25 4 15 5 1
June 1990-April 1991
0.5-1.0 10 1 1 0 8
> 1.0-2.0 3 1 2 0 0
> 2.0-3.0 4 1 2 0 1
>3 9 2 3 3 1
Total 105 28 41 15 21

2 Goats that were both pregnant and lactatin

Reproductive Condition

Reproductive condition for 105 of 107 females > 0.5
yr of age was recorded on San Clemente Island. More than
80% (n = 84) of these females were pregnant, lactating, or
both pregnant and lactating (Table 3). Pregnant or lactat-
ing females comprised 26.7% (n = 28) and 39% (n = 41)
of the female goat population, respectively, whereas
14.3% (n = 15) were both pregnant and lactating. Of the
21 non-reproductive goats, 81% (n = 17) were < 12 mo
old; only 4 non-reproductive females were > 12 mo old.

Production and Recruitment

Observation of in utero fetuses indicated that 10 sin-
gle kids, 20 twins, and 4 triplets were conceived between
June 1989 and April 1991 (Fig. 1). During the same peri-
od, females gave birth to 20 single kids, 26 twins, and 4
triplets (Fig. 2). Conception dates for kids born during the
study were combined with fetus conception dates (Fig. 3).
Feral goats on San Clemente Island bred year-round, but
peaks occurred between September and December during
1989 and August and September during 1990. As the
number of feral goats on San Clemente Island decreased,
the percentage of pregnant females increased to 100%.

g, in addition to those in the pregnant or lactating classification.

NUMBER OF FEMALES

(98%)

)

SINGLES TRIPLETS

Figure 1. Number of pregnant female goats (n = 34) wi‘th 1,2,
or 3 embryos at death on San Clemente Island, California, June
1989-April 1991.

Rate of Increase

There were at least 146 kids born to 84 adult female
goats on San Clemente Island from June 1989 to May
1990; 84 were female kids. Productivity averaged 1.7
kid/female/yr or 1 female kid/female/yr. Using a birth rate
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Figure 2. Number of female goats (n = 50) that gave birth to
singles, twins, and triplets on San Clemente Island, California,
June 1989-April 1991.
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Figure 3. Conception dates for female goats that were pregnant
or gave birth to kids and percentages of adult female feral goats
that were pregnant or gave birth to kids on San Clemente Island,
California, April 1989—April 1991.

(b) of 1 female kid/female/year and annual survival rate
of 98%, death (d) = 0.02, the intrinsic rate of increase (r)
isb—d=0.96.

Discussion

There are no baseline data for the 28,000 goats
removed from San Clemente Island prior to initiation of
the Judas goat project in June 1989. Therefore, we can
only compare compensatory response and physiological
condition of feral goats on San Clemente Island to data
from other studies of feral goat populations on oceanic
islands. :

Sex and Age Structure

There were significantly more female than male
goats on San Clemente Island, but because the survival
rate was approximately 98%, juvenile male mortality, a
common explanation for female biased sex ratios
(Williams and Rudge 1969; Caughley 1970; Coblentz
1982), could not have contributed much to this differ-
ence. Eradication efforts may have selectively culled
more males because of morphological and behavioral dif-
ferences. Because of their larger body size (Coblentz and
Van Vuren 1988), horns (Williams and Rudge 1969), and
beards, males were easier to see than females and, there-
fore, more likely to draw the attention of shooters.
Sometimes males were exposed to shooters longer than
females because they were slower to react to disturbances
on San Clemente Island.

About 50% of the goats killed on San Clemente
Island were < 1 yr old, but the lack of baseline data pre-
vented examination of potential changes in the age struc-
ture, In contrast, goats < 1 yr old comprised < 33% of
hunted populations on 3 oceanic islands in New Zealand
and Aldabra (Williams and Rudge 1969; Coblentz and
Van Vuren 1988). However, Coblentz (1982) found a
noticeably greater proportion of juveniles in a more
intensely hunted feral goat population than in a less
intensely hunted population (Mt. Orizaba and Coffee Pot
Canyon, respectively) on Santa Catalina Island.

Condition

Most goats on San Clemente Island were in excellent
condition, which was probably attributable to increased
resource availability brought on by low population densi-
ty. Body mass, a measure of condition, of feral goats var-
ied inversely with population density on Raoul Island,
New Zealand, (Rudge and Clark 1978) and Santa
Catalina Island, California (Coblentz 1982). Caughley
(1970) found a similar relationship in female Himalayan
thar (Hemitragus jemlahicus). Coblentz and Van Vuren
(1988) found that male goats had the lowest mean condi-
tion (based on KFI), whereas pregnant females were in the
best condition in 3 low density populations in Aldabra.
Generally, feral goats on San Clemente Island were in
good or excellent condition. Based on KFI, the average
condition of females that were both pregnant and lactating
equaled that of male goats (x = 3.2) on San Clemente
Island, and were the lowest 2 categories. Non-reproduc-
tive females had the highest mean KFI (x = 3.9), but preg-
nant or lactating females also had means above 3.3.

Reproductive Condition
Feral goats display a variety of breeding systems

ranging from year-round breeding in British Columbia
(Geist 1960), North Island, New Zealand (Rudge 1969),
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and Hawaii (Ohashi and Schemnitz 1987), to quadri-
modal birth pulses on Santa Catalina Island (Coblentz
1980). Feral goats on San Clemente Island bred yeat-
round, but peaks occurred between September and
December during 1989 and August and September during
1990. This breeding cycle coincides with birth peaks in
domestic goats from temperate latitudes (Asdell 1964).
Domestic goats are seasonally polyestrous and the main
breeding season occurs during the autumn and winter
months (Turner 1936), but females may come into estrous
year-round (Phillips et. al. 1943). Rudge (1969) stated
that although feral goats were capable of producing kids
twice each year, they usually do not fulfill this potential.

More than 16% of females in 2 age classes (n = 43
and 62 for < 2 yr and > 2 yr, respectively) were simulta-
neously pregnant and lactating. This frequency was
slightly lower than the 20-30% identified in 3 other insu-
lar feral goat populations (Williams and Rudge 1969;
Coblentz 1974, Parkes 1984). Based on the number of
females that were both pregnant and lactating, it is sus-
pected that several San Clemente Island females would
have had a birth interval of 180 dy, similar to that noted
by Ohashi and Schemnitz (1987) in Hawaii, if they were
not killed.

Production and Recruitment

Fourteen female goats on San Clemente Island were
either pregnant or had given birth by the time they were
12 mo old (8 singles, 6 twins). However, reproduction by
goats < 12 months old was commonly reported in feral
goat populations (Geist 1960; Yocum 1967; Rudge 1969;
Rudge and Clark 1978). Muitiple births were also com-
mon (Rudge 1969; Baker and Reeser 1972; Parkes 1984).
On San Clemente Island, we recorded 4 sets of triplets in
utero, and 4 other females produced triplets. This rela-
tively high occurrence of triplets was unusual because
triplets were only recorded 5 times in the literature
(Parkes 1984; Burke 1988). Furthermore, the condition of
a Judas goat from Santa Catalina Island improved enough
for her to produce 1 of the sets of triplets merely 4 mo
after release on San Clemente Island. Production of
triplets on San Clemente Island was extraordinary in light
of the fact that single births were far more common than
twins on Santa Catalina Island (Coblentz 1982), and
triplets were never recorded.

Twinning rates for fetuses in utero (51%) and kids
(52%) on San Clemente Island fell within or above the
range for other feral goat populations (50% in Hawaii,
(Yocum 1967); 52% in utero and 25% of births in New
7ealand, (Rudge 1969); 30.5% in another New Zealand
population, (Williams and Rudge 1969); 26.1% to 80%
on Santa Catalina Island (Coblentz 1982); and 21.4%,
22.2%, and 60%, for 3 islands in Aldabra (Coblentz and
Main 1988). The combination of twinning rate and triplet
rate (in utero = 9.8% and kids born = 8%) during the

study on San Clemente Island brought the overall multi-
ple birth rate to approximately 60%.

Ohaghi and Schemnitz (1987) concluded that the
ability of females to kid twice in the same year depended’
on physiological condition. Approximately 7% (n = 4) 91‘
female feral goats > 12 mo old, all of which where in
excellent condition, gave birth twice in a single year on
San Clemente Island. Another female had 3 sets of kids
within 11 mo. She gave birth to 2 female kids and 5 mo
later, she had 2 more kids. Six mo later, she had 2 more
kids; at which time the first kids were 11 mo old. One
month later, each of the first 2 kids gave birth to twins.
Essentially, 10 goats were produced from 1 adult female
goat in | yr. The last 2 sets of twins from the original
female were killed within 2 wk of birth, which likely
induced a post-partum estrus (Watts and Conley 1984) in
their mother. This individual was an exceptionally prolif-
ic goat, and most female goats on San Clemente Island
did not produce kids twice a year; however, success of
eradication efforts prevented determination of long-term
reproductive capacity.

Rate of Increase

Hunted populations of goats often have high repro-
ductive rates. Parkes (1984) documented an increase in
productivity of goats after population reduction. As the
feral goat population decreased on San Clemente Island,
the percentage of pregnant females increased to 100%.
Rudge and Smit (1970) derived a recruitment rate of 1.7
kids/female/yr for a hunted population in New Zealand
that was similar to that on San Clemente Island. Lower
recruitment was reported by Coblentz (1982) on Santa
Catalina Island, California, (0.75 births/females/yr) and
Yocum (1967) in Hawaii (100-164 kids/100 females).
Rudge and Smit (1970) determined a minimum estimate
of r = 0,375 and predicted that a New Zealand feral goat
population reduced by 80% would increase to 90% of the
former level in 4 yr. The intrinsic rate of increase for
goats on San Clemente Island (r = 0.96) was twice Fhat
found in New Zealand. At this rate, assuming a survival
rate of 98%, a population of 100 goats on San Clemente
Island would double in < 8 mo and reach approximately
680 goats in 2 yr. In comparison to goats in New Zealand
(Rudge and Smit 1970), if the San Clemente Island goat
population was reduced by 80%, it could increase to
930% of the original population in 4 yr.

The combination of (1) high twinning and triplet
rates, (2) early reproductive maturation, (3) postpartum
estrus that allowed production of offspring twice a year,
and (4) low kid and juvenile mortality rates allowed near
maximum population growth rate for San Clemente
Island goats.

Because of their high reproductive potential, goats
are capable of achieving rapid population increases even
after the most effective control efforts (Rudge and Smit
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1970; Baker and Reeser 1972; Watts and Conley 1984).
When feral goats are culled, remaining goats experience
reduced competition for existing resources. Incomplete
eradication only culls static populations, stimulates
breeding, and may result in short-term population
increases (Rudge and Clark 1978).

In addition, as a goat population decreases, the
amount of vegetative cover increases, making remaining
goats more difficult to locate for 2 disparate reasons: (1)
they are simply more difficult to locate visually; and (2)
they move less frequently and for shorter distances
because of increased forage availability. Parkes (1990)
advocates quick eradication after participating in a long
hunting campaign in New Zealand that allowed time for
the forest understory to regenerate, thereby restricting
access and visibility. In addition, with increased food
availability, goat breeding rates doubled from 0.96
kids/female/year in 1972 (Rudge and Clark 1978) to 1.70
kids/female/yr in the 1980s (Parkes 1984).

Based on comparisons with goat populations else-
where, goat reproductive performance on San Clemente
Island was probably density dependent; increased natali-
ty, recruitment, and individual condition, and decreased
natural mortality resulted from decreased density. These
findings support those of Coblentz (1982) on Santa
Catalina Island, California, and are further evidence that
animal populations reduced below equilibrium densities
generate a positive rate of increase through density-
dependent changes in age-specific rates of fecundity and
mortality (Caughley and Birch 1971; Caughley 1985;
Choquenot 1990).

Management Implications

As remnant feral goat populations are reduced,
reproduction increases, thereby counteracting control
efforts. Consequently, we strongly advocate complete
eradication of feral goats over periodic control.
Eradication is less expensive than indefinite periodic con-
trol because considerable hunter effort is required to con-
strain a population that is being induced to increase
reproduction. Managers should become increasingly
relentless rather than sporadic in eradication efforts as a
population of goats dwindles and individuals become
more difficult to locate.
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Response of a Bishop Pine (Pinus muricata) Population to
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Abstract. A Bishop pine (Pinus muricata) population
was sampled on the northern shore of Santa Cruz Island 4
yr after the removal of feral sheep (Ovis aires) from the
area. 1 measured foliar cover of woody perennials, and
recorded new establishment of woody perennials. I com-
pared my results to those obtained by a previous study in
1977-1978 and an aerial photograph from 1985, when
sheep were still present in the area. More woody perenni-
al species were recorded in 1990 than in 1978. Newly
established woody perennials were abundant in 1990,
whereas few if any were recorded in 1978. The age struc-
ture of the pines changed from senescent to having suc-
cessful seedling germination and survival. Bishop pine
more than doubled in extent between 1985 and 1990. Re-
establishment of native woody perennials in this area,
including Bishop pine, coincided with the removal of
feral sheep.

Keywords: Santa Cruz Island; feral sheep (Ovis aires), Bishop pine
(Pinus muricata).

Introduction

Domestic sheep (Ovis aires) have been present on
Santa Cruz Island for close to 150 yr (Brumbaugh 1983).
Their detrimental effect upon the native vegetation of the
island has been noted for almost as long (Rothrock 1876).
Despite this, active sheep ranching took place until the
late 1930s (Stanton and Daily 1989), and feral sheep were
not eliminated from much of the island until the mid
1980s (Schuyler 1993). The purpose of this study was to
measure the effect that the removal of feral sheep had
upon a Bishop pine (Pinus muricata) population on the
northern shore of Santa Cruz Island.

Study Area

Santa Cruz Island, the largest of the California
Channel Islands at approximately 250 sq km, lies at 34°N,

119° 45° W, approximately 40 km south of the city of
Santa Barbara (Fig. 1). Tt is 39 ki long, and ranges in
width from 3 to 11 km. The island is aligned along an
east-west axis, and is bisected by a central valley created
by the Santa Cruz Island fault. This valley separates the
northern and southern mountain ranges. The northern side
of the island is more rugged, with a maximum elevation
of approximately 750 m. The southern range is lower,
with a maximum elevation of 465 m. Santa Cruz Island is
geologically complex, being composed of plutonic, vol-
canic, metamorphic, and sedimentary parent material
(Weaver et al. 1969).

The island has a Mediterranean climate, marked by
warm dry summers, and cool rainy winters (Brumbaugh
1983). Rainfall measured at the main ranch in the central
valley averaged 506 mm per year between 1904 and 1990
(Main Ranch, unpubl. data). Most precipitation falls
between October and March. Mean temperatures for the
central valley range from 12° C in the winter to 21° C in
summer (Brumbaugh 1983). Roughly 90% of the island is
owned by The Nature Conservancy (TNC), while the
eastern 10% of the island is controlled by the Gherini
family.

There are 3 primary populations of Bishop pine on
Santa Cruz Island (Fig. 2): (1) the western population,
located on the north-facing slopes of Cafiada Christy and
Cafiada de los Sauces; (2) the northern population with
most of the trees found between Pelican Bay and Twin
Harbors; and (3) the eastern population, which consists of
scattered groves above China Harbor on the eastern isth-
mus of the island.

The study area is located between Pelican Bay and
Twin harbors, amidst the greatest concentration of Bishop
pines within the northern population. This is the only area
where the pines approach sea level. The site is approxi-
mately 160 ha in size, and ranges in elevation from sea
level to 230 m. The area is primarily open, with scattered
groves of mature pine. Other common woody perennials
are coast live oak (Quercus agrifolia), scrub oak (Q. aff,
dumosa), manzanita (Arctostaphylos sp.), summer holly
(Comarostaphylis diversifolia), toyon (Heteromeles
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