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Abstract.-The impact of feral shzep on the natural resources at Isla Socorro, the largest 
of the four Pacific islands that constitute the Revillagigedo Archipelago Biosphere Reserve 
off the northwest coast of Mexico, has the potential to severly damage this ecosystem. The 
feral s h q  population, which is concentratetl on the southern pan of the island, was deter- 
mincid through surveys during 1988 and 1990. Dirzct counts indicate the present population 
size to be well over the carrying capacity of the island's ecosystems. As a result of the high 
population density and the overgrazing, there is severe erosion on 30% of the island. If the 
feral sheep of Isla Socorro are not totally removed in the very near future, this Biosphere 
Reserve and the world's natural heritage will likely lose al1 entlemic species on this island. 

Resumen.-El impacto del borrego feral sobre los recursos de la Isla Socorro, la más 
grande de las cuatro islas que constituyen la Reserva de la Biosfera del Archipiélago de 
Revillagigedo al~jada de las costas del Noroeste de México, tiene el potencial de dañar 
severamente este ecosistema. La pohlación del borrego feral, la cual se concentra en la parte 
sur de la isla, fue determinada por medio de censos durante 1988 y 1990. Los conteos 
directos indican que el tamaño de la pohlación es mayor que la capacidad de carga del 
ecosistema isleño. Como resultado de la alta densidad poblacional y el sobrepastoreo, hay 
erosión severa en el 30% de la isla. Si el borrego feral de la Isla Socorro no es totalmente 
removido en un futuro inmediato, esta Raerva de la Biosfera y la herencia natural mundial 
perderán prohableinente todas las especies enddmicas de esta isla. 

Isla Socorro is the largest of the four islands that constitute the 
Revillagigedo Archipelago Biosphere Reserve in the Mexican Pacific 
Ocean (Fig. 1). Given its large number of endemic plants and animals 
(Levin & Moran 1989; Brattstrom 1990; Ortega et al. 1992) Isla 
Socorro is a priority area for the conservation of the biological diversity 
of Mexico (Ortega et al. 1992) and of the world (IUCN 1980; ICBP 
1992). About 33% of al1 vascular flora (Levin & Moran 1989), two 
species and eight subspecies of birds, and one species of reptile are 
endemic (Brattstrom 1955; 1990). The island lacks native mammals and 
amphibians. There are three introduced mammalian species: the 
domestic cat (Felis catus), the house mouse (Mus musculus) and the 
sheep (Ovis aries). The sheep introduced on the island in 1869 (Hanna 
1926) are now considered feral. 
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Figure l .  Location of Isla Socorro and vegetation types: ( 1 )  Mixed scrub, (2) Forest 
(Ficus/Guerarda/llex), (3) Ficus forest, (4) Eroded areas and Human disturbed areas, (5) 
Induced prairie and grassland, (6) Deciduous scrub (Croron/Opunria), (7) Highland 
prairie, (8) Psidium forest. "X" denotes the location of Monte Evermann (1040 m). 

At present, the biodiversity of this insular ecosystem is in extreme 
danger because of several factors. These are soil erosion, the loss of 
vegetation and habitat fragmentation. About 30% of the island's surface 
area is totally denuded of vegetation (Ortega et al. 1992; 1995) from soil 
losses varying from 30 to 90 metric tonslhalyear (Maya-Delgado et al. 
1994). The erosion is a product of torrential precipitation from amual 
hurricanes. Of the natural vegetational associations on the island, the 
guayabillo scrub (Psidium socorrense) is most severely affected. Its 
distribution is restricted to only two reduced areas (León de la Luz et al. 
1994). 

Loss of the vegetational covering and the consequent erosion are the 
result of sheep trampling and overgrazing. This herbivore has been 
introduced on different islands, causing changes to the habitat 
composition and structure (Wood et al. 1987; Ebenhardt 1988; Van 
Vuren & Coblentz 1989). 
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In spite of the effects produced by the sheep on the island, little is 
known about their distribution (Villa 1960: Levin & Moran 1989; 
Brattstrom 1990) and abundance (Brattstrom & Howell 1956; Villa 
1960; Brattstrom 1990; Wehtje et al. 1993 ). 

This study presents information on the distribution and relative 
abundance of the non-native sheep on the island, the estimated carrying 
capacity of habitat, and the effect of these feral sheep on native 
vegetation and soils. 

Isla Socorro is 400 km southwest of Baja California de Sur, Mexico 
(1g047'N, 1 10°57'W) (Fig. 1). The island is about 1 10 km2 (Wehtje et 
al. 1993) and has a maximum elevation of 1,140 m (Johnston 1931). 
Island landscape varies widely with canyons and volcanic lava flows 
covered with short and dense vegetation descending from abrupt cliffs 
into the sea. The terrain is rugged in the northern half, whereas the 
southern half is dominated by medium elevations, hillocks and plains. 
The climate is arid-tropical with mean annual temperature of 24.6"C, 
varying between 5.0°C in winter to 36.1°C in summer. The mean 
annual precipitation is 404.7 mm; most of which occurs in summer 
(Coria-Benet 1994). There are no freshwater sources, except for 
condensation, runoff and water caught in depressions and some caves 
after rains. 

The vascular flora of the island includes 117 species (Levin & Moran 
1989) distributed in eight vegetational associations (Fig. 1) (León de La 
Luz et al. 1994). Three associations are the most conspicuous: (1) 
Mixed scrub, covering an area of 8,400 ha is composed mainly of 
perennial herbaceous shrubs (Dodonea viscosa) and stocky trees 
(Guetarda insularis and Prunus serotina); (2) Forest, covering 1,600 ha, 
includes the arboreal communities represented by associations of 
zapotillol guayabillo (Bumelia socorrensislPsidiurn galapageiurn) and fig 
trees (Ficus cotinifolia) with or without guayabillo; (3) Deciduous scrub 
(1,120 ha) which has a dominant component of Croton masonii as 
reported by León de La Luz et al. 1994. In the southern half there are 
eroded surfaces (about 4,620 ha) with small patches of perennial 
vegetation. This part of the island is characterized by plains 
coveredwith grasses, forest vegetation patches and eroded zones of a 
number of scarce species (Maya-Delgado et al. 1994). 
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Figure 2. Feral sheep distribution area, and sampled sites fur animal counts and carrying 
capacity estimates. Dots represent distribution and abundance of sheep. "X" denotes the 
location of Monte Evermann (1040 m). 

MATER~ALS AND METHODS 

Distribution and abundance of sheep.-The distribution of sheep was 
determined during surveys in different topographic zones and vegeta- 
tional associations (Fig. 2) during April, July and September 1988, and 
January and February 1990. Individuals, tracks, bedding sites, fecal 
pellets and vocalizations of sheep were recorded. 

During winter 1990 (January-February), the number of sheep in the 
southern portion of the island was counted in an area of 600 ha. The 
area was divided in three sections and for three consecutive days, each 
of the sections was searched with binoculars by an observer located at 
a strategic high point. A observational "sweeping" of each area, with 
three repetitions of 20 minutes each, was made from each observation 
point. Al1 counts were made from 1700 to 1800 h due to the fact that 
sheep concentrate in pastures during this time period. These observation 
periods were short to avoid significant displacement of animals and 
overcounting or repeated counting for the same individual. 
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The number of sheep in the sampled areas was determined by adding 
the averages of the three repetitions at each of the observation points 
over the three days (n = 27, and nine man hours of observation). 
Results were extrapolated to 2,400 ha of similar habitat on the southern 
portion of the island. 

Carrying eapacity.-In the same areas where sheep counts were 
conducted, the habitat carrying capacity was calculated. The accessible 
vegetational biomass potentially usable as food by sheep was calculated 
in three representative sites: (1) a forest area, (2) an open grassland and 
(3) an area with open grassland and forest patches. In each site, a 400 
m randomly placed line transect with ten 1 m2 circular sampling areas 
separated by 40 m was marked. A double-sample system was used. 
First, after a training period, visual estimates of the weight of each plant 
species present in the sampled areas was made (Pechanec & Pickford 
1937). Later in two areas of each transect, a total cut of the vegetation 
was rnade to determine its dry weight (Pechanec & Pickford 1937). 
From the relationship between the dry weight and the estimated weight, 
a correction factor was obtained to adjust al1 the estimated values of the 
plant species. This methodology has been successful in rneasuring the 
available biornass for other herbivores (Gallina 1990). 

In grassland zones, al1 herbaceous and grass species were counted and 
weighed in each sampled area. In the forest zones, al1 browse material 
in each sarnple area below 1.5 m height (maxirnum foraging height of 
sheep) was counted. 

The habitat carrying capacity (CC) for the winter was calculated using 
the forrnulae CC = (ps) Cfs) / (es) (ts) (Rasrnussen & Ffolliott 1981; 
Gallina 1990), taking into account the average of the biomass values 
@S), and using a use factor of 0.15 (fi) and a total consumption for 
sheep of 46.42 kg/individual/month (es); these values were used by 
Patton (1992) for domestic sheep. The foraging time for this season (ts) 
was estimated as four months. 

Distribution and abundante.-Except for the northern part of the 
island, feral sheep were observed from sea leve1 to 1,140 m at the 
Evermam Volcano Peak in al1 vegetational associations (Fig. 2). On the 
southwestern part of the island, sheep sightings were rare. The primary 
zone used by sheep was in the southeastern area between 200-500 m 
elevation. Herds concentrated and grazed in grassland areas, in open 
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areas of fig forest and zapotillo/guayabillo forest, and in the mixed 
scrub. Sheep were observed on the southern and eastern volcano slopes 
between 500 and 700 m elevation, but their number were less than those 
of the lower sections. 

A total of 389 sheep were recorded in the 600 ha plot. This results 
in an estimated density of 0.64 5 0.30 animalslha. With the 
extrapolation to 2,400 ha with equivalent habitat in the south-southeast 
portion of the island, the estimated population of the island was 
approximately 1,550 sheep. 

Biomass and carrying capacity.-The available plant biomass as 
potential forage for sheep during the winter was 1,003 kglha (2 334). 
The highest biomass value was obtained in the open grassland with 
forest patches 453 kglha, the open grassland site was 370 kglha, and the 
site located inside the forest had the lowest biomass quantity at 180 
kglha. The grasses are mainly Eragrostis sp., and they constituted the 
greater part of the biomass, followed by the herbs Argemone sp. and 
Nicotiana stocktonii (Table 1). 

Based on estimates of plant biomass in the sample sites, the area 
would support 0.27 animalslha. This result implies that the 600 ha 
sampled could support a total of 160 sheep. The estimate for 2,400 ha 
of the south-southeast portion of the island would support about 650 
sheep in the winter, which is considered the critica1 season of the year. 

The main ecological problem at Isla Socorro is the loss of biodiversity 
caused by the introduction of exotic species and the collateral effects of 
their presence (Ortega-Rubio & Castellanos 1995). Domestic sheep have 
had a severe impact on the vegetation because of intense overgrazing. 
Their density greatly exceeds the carrying capacity of available habitat. 
All these habitats on the island could support 650 animals without habitat 
deterioration. However, the estimated population is about 1,550 
animals. This is over 240% of the estimated carrying capacity , causing 
in consequence, a severe loss of the vegetative cover. 

Although these data on sheep numbers and distribution are similar 
those recorded in the literature (Villa 1960; Levin & Moran 1989; 
Brattstrom 1990), this study reported that there is no movement of sheep 
toward the north half of the island. In the norther part of the island, 
there is very dense vegetation, but the crab (Gecarcinus planatus) is 
abundant. It is diurna1 or nocturna1 in habit and notably aggressive 
possibl y limiting sheep numbers. 
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Table 1 .  Importance of  availabla plant species as putential forage for feral sheep, in the 
main shecp distribution a r a  on Isla Socorro Juring winter 1990. 

- 
Species Biomass % of  

kglha% Biomass 
-- 

Eragrostis sp. * AH 391.33 39.00 
Argenwne sp. AH 238.00 23.72 
Cotiana stocktonii AH 161.17 16.06 
Mitracnrpu~ hirtus AH 49.96 4.97 
Chamaesyce thymifoila PH 35.80 3.56 
Rhynchelitrum rcpens* PH 32.36 3.22 
Opuntia sp. SH 28.00 2.79 
Qnodon dacrylon* PH 18.71 1.86 
Psidium galapageium TR 16.80 1.67 
Boerhavra coccinea A H 8.19 0.8 1 
Chamaesyce hyssopifolia PH 7.59 0.75 
Dactyloctenium aegyprium* A H 7.22 0.72 
Cenchrus ciliaris* PH 5.83 0.58 
Galium mexicanum A H 1.57 0.15 
Elytraria imbricata A H 0.42 O .O4 
Chamnesyce hirta PH 0.35 0.03 

* G r a s a ,  Annual Herbs = AH, Perennial Herbs = PH, Shrubs = SH, Trees = TR. 

The present work is the first that has been done in systematic fashion 
to obtain a record of sheep density on Isla Socorro. Knowing that sheep 
are scarce outside of the area studied in the south of the island, the total 
estimated population should not exceed 2,000 animals for the whole 
island. 

This estimate is similar to reports of Brattstrom & Howell (1956) and 
Wehtje et al. (1993), but differs with the report of Villa (1960) who 
believed there was a population of 5,000 animals and Brattstrom (1990) 
who felt there were only 1,000 animals. Those authors based their data 
on visual sightings without any systematic transect counts. 

The sheep have adversely affected the fig and guayabillo forests on 
the southern half of the island. There are few trees and many of them 
are dying of old age. There are relatively few new growth areas or 
saplings and a great number of dead trees still standing (León de la Luz 
et al. 1994). Levin & Moran (1989) attributed the deterioration of these 
plant associations directly to sheep. 

Not only has the natural vegetation been affected, but also the native 
fauna. Terrestrial endemic birds of Isla Socorro were widely distri- 
buted on the island and most species were relatively abundant at the end 
of the 19th Century (Grayson 1872; Anthony 1898; Stone 1986). Now, 
the loss of vegetative cover has caused changes in the distribution and 
density of the endemic birds (Ortega et al. 1992; Ortega-Rubio & 
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Castellanos 1995; Ortega et al. 1995). Endemic birds are rare in areas 
lacking low vegetation, whereas, they are relatively abundant in areas 
where there are no sheep; therefore, there are several vegetational strata 
(Rodríguez-Estrella et al. 1994). The density of birds is directly related 
to plant cover, plant density and vertical stratification. In well vegetated 
area there are more nesting sites, food and better protection (Morse 
1985; Martin 1988; Petit et al. 1988). The decrease in numbers of 
endemic birds on Isla Socorro, especially those species that forage in 
the lower strata of vegetation (e.g. lñryomanes sissonii, Parula 
pitiayumi graysoni, Pipilo erythrophtalmus socorroensis) appears directly 
related to the scarcity of this strata (Rodríguez-Estrella et al. 1994). 
Most shrubs and trees are lacking leaves up to the height limit that 
sheep can reach (1.50 m) to forage. 

Although the introduction of domestic ungulates to insular ecosysterns 
has been a common practice in many parts of the Western hemisphere 
(Wood et al. 1987), their presence has been far more negative than 
positive. There has been substantial degradation of vegetation on most 
islands studied (Ebenhard 1988). Loss of vegetational cover is also the 
main cause of the severe erosion on the island. At Isla Socorro, sheep 
represent an imminent danger to the existing biological diversity. It is 
imperative that corrective measures be taken to reverse the deterioration 
of vegetative cover and soil loss. The total eradication of the feral sheep 
population on the island appears necessary. Failure to remove the sheep 
only increases the risk of losing al1 endemic species of the flora and 
fauna on Isla Socorro. 
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