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Ecological relevance of subterranean herbivorous rodents
in semiarid coastal Chile

Importancia ecolégica de roedores herbfvoros subterrdneos en el desierto costero de Chile
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ABSTRACT

We first call attention to the ecological relevance and characteristics of subterranean herbivorous rodent activities in different
ecosystems. Second, we note that in arid coastal Chile the ecological impact of their activities is considerable, showing
similarities, as well as important differences, to impacts in other areas of the world. The amount of excavated soil deposited on
the surface is similar to that reported for pocket gophers in North America. These rodents also promote dominance of introduced
mediterranean annual plants. In Chile, as in South Africa, however, they seem to greatly promote the growth of geophytes, which
are their preferred food. Their activities promote large-scale soil homogeneity. We hypothesize that these aspects of their
ecology in Chile reflect a close relationship between a fluctuating and unpredictable climate, a relatively constant availability of
clumped geophytes, and the colonial social system of these rodents, all of which promote a slow but constant shifting of their
foraging areas. Subterranean rodents certainly play an important role in determining the structure and dynamics of plants in the
coastal arid ecosystem in Chile. However, very little is known about the mechanisms involved.
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RESUMEN

Primero destacamos la importancia ecolégica de la actividad de roedores herbivoros subterrineos. Segundo, hacemos notar que
la actividad de estos roedores tienen un impacto ecolégico considerable en el ecosistema drido costero de Chile, presentando
similitudes pero también importantes diferencias con sistemas investigados en otras partes del mundo. La cantidad de suelo
depositado sobre la superficie del suelo es similar a la reportada para gedSmidos en Norteamérica. Estos roedores también
promueven la dominancia de plantas anuales mediterréneas introducidas. Sin embargo, en Chile como en Sudifrica, ellos
también parecen promover en gran medida el crecimiento de gedfitas que constituyen su alimento preferido. Sus actividades
promueven la heterogeneidad del suelo en el corto plazo en escalas pequefias, pero en el largo plazo ellos promueven la
homogeneidad del suelo en una escala mayor. Proponemos que estas caracteristicas ecolégicas y diferencias con otros sistemas
reflejan una estrecha relacién entre un régimen climético fluctuante e impredecible, la disponibilidad relativamente constante de
geodfitas distribuidas en forma agrupada, y el sistema social en colonias de estos roedores, todo lo cual promueve un desplazamiento
lento pero constante de los tineles de forrajeo. Ciertamente, los roedores herbivoros subterrdneos juegan un rol importante en
determinar la estructura y dindmica de plantas en el ecosistema 4rido costero de Chile; sin embargo, se conoce poco de los
mecanismos involucrados.

Palabras claves: Chile, ecosistemnas desérticos, perturbacién del suelo, Spalacopus, roedores subterrdneos, gedfitas.

INTRODUCTION species (Grubb 1977, Connell 1978, Huston
1979, Armesto & Contreras 1981, Sousa 1984,

Pickett & White 1985). These ideas are in

The importance of disturbance as a source of
spatial and temporal variation in natural
communities has became increasingly
recognized as an important process in
ecological theory. Recent hypotheses on the
maintenance of species diversity have
emphasized the role of natural disturbance,
which both prevents intra and interspecific
competitive displacement and provides sites
for colonization by competitively inferior
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constrat to the old long-held view of com-
munities as equilibrium systems, with high
species diversity resulting from prevention of
competitive displacement by resource sub-
division (MacArthur 1972, Schoener 1974,
Pianka 1976). In addition to being an important
source of environmental heterogeneity,
disturbance may act as a strong selective
influence on the life history of organisms
(Harper 1977, Denslow 1980).
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Disturbance phenomena are often referred
to abiotic causes affecting large areas, such as
fire, and volcanic eruptions. At the same time,
in ecological studies much attention has been
paid to animals as consumers of primary
production, even though they only consume a
small fraction of the live biomass (Hairston ez
al. 1960), without noting their importance as
agents affecting the structure, properties and
processes of ecosystems (Whitford 1993).
Nevertheless, the importance of disturbances
occurring at smaller scales and produced by
biotic agents has been increasingly recognized
(Martinsen et al. 1990, Reichman & Smith
1991, Whitford 1993, Cox et al. in press).

Disturbance generated by animals, and
particularly those created by subterranean
mammals, are unique for several reasons: 1)
they are caused by a biotic agent, whereas
most forms of disturbance that have been
studied are abiotic (e.g., wind, fire, wave
action), 2) they occur in small patches, in
constrat to large-scale disturbance such as tree
blow-downs, 3) they occur with a predictable
and constant frequency compared to more
unpredictable events like fires and storms
(Martinsen et al. 1990), and 4) as a con-
sequence of 2) and 3) they are of minor short-
term impact, but accumulate and cause
substantial long-term effects (Cox & Scheffer
1991, Reichman & Smith 1991).

In this article we first review information
on the ecological role of subterranecan
herbivorous rodents. Second, we summarize
the few available studies on their role in arid
coastal Chile, noting similarities and dif-
ferences to other ecosystems where subte-
rranean mammals have been studied.

MAGNITUDE OF DISTURBANCE BY
SUBTERRANEAN HERBIVOROUS MAMMALS

Soil disturbance and herbivory by subterranean
rodents are now recognized as major influences
on the structure and dynamics of many
ecosystems, including deserts (Andersen &
MacMahon 1981, 1985, Reichman et al. 1982,
Gettinger 1984, Hobbs & Mooney 1985,
1991a, Cox & Gakahu 1986, Andersen 1987,
Cox & Allen 1987a, Inouye et al. 1987, Kodie
& Mooney 1987, Huntly & Inouye 1988,
Reichman 1988, Reichman & Jarvis 1989,

Contreras & McNab 1990, Martinsen et al.
1990, Thomne & Andersen 1990, Contreras &
Gutiérrez 1991, Heth 1991, Cox et al. in press).
Members of all groups of subterranean rodents
maintain and expand extensive gallery
systems throughout all or much of the year,
resulting in deposition of soil heaps on the
surface (Hickman 1990, Reichman & Smith
1991). All are herbivores that locally reach
densities up to 207 individuals per hectare or
biomasses of 32.4 kg/ha (Nevo 1979,
Reichman & Smith 1991), values that are
usually greater than for surface dwelling
mammals. Their burrowing activities exert
major impacts on soil structure and nitrogen
availability; affecting both plant succession
and abundance of their food plants (Tilman
1983, Cox & Gakahu 1985, Hobbs & Mooney
1985, Andersen & MacMahon 1981, 1985,
Reichman & Smith 1985, Cox & Zedler 1986,
Andersen 1987, Inouye et al. 1987, Koide et al.
1987, Hobbs et al. 1988, Huntly & Inouye
1988, Reichman 1988, Cantor & Whitman
1989, Reichman & Jarvis 1989, Cox 1990,
Thome & Andersen 1990, Heth 1991, Hobbs
& Mooney 1991a, Reichman & Smith 1991).
Burrowing activity varies between different
species and within species, mainly in relation
to social and foraging systems (solitary vs.
colonial species), food resources, soil moisture
and temperature, hardness of the ground, and
reproductive activity (Arieli 1979, Reichman
et al. 1982, Hickman 1990, Heth 1991,
Reichman & Smith 1991, Cox & Hunt 1992).

Subterranean rodents usually remove large
amounts of soil. For the pocket gopher
Thomomys bottae in sourthern Califomia it
may be as large as 26.6 ton/ha « year (Cox
1990). The most obvious impact of this mining
on soil structure results from the deposition of
excavated soil on the surface of the ground.
Because mound formation is easily perceived,
its rate is frequently used as an estimate of
burrowing activities (Miller 1957, Hickman
& Brown 1973, Arieli 1979, Bandoli 1981,
Cantor & Whithan 1989, Cox & Hunt 1992).
The mass of soil deposited on the surface
values ranges from 0.8 to 34.5 ton /ha » year
in natural conditions (Miller 1957, Downhower
& Hall 1966 in Cox 1990, Richens 1966,
Andersen & MacMahon 1981) and may reach
105 ton/ha « year in irrigated alfalfa fields
(Miller 1957). A significant portion of the
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excavated soil may not be deposited on the
surface, but placed in abandoned tunnels below
the surface of the ground. Soil may also be
deposited in tunnels that have been formed in
the snow pack, producing soil cores that remain
on the surface of the ground after snow melt
(Ingles 1952, Reichman & Smith 1991,
Contreras pers. obser. for Ctenomys maulinus).
Estimates of subsurface redeposition of soil
range between 13 and 240% of the amount of
soil deposited on the surface (Andersen 1987,
Cox 1990, Thome & Andersen 1990). Al-
though subsurface redeposition is presumably
significant because of the large amount of soil
involved, its effect on the vegetation has not
been evaluated. The total surface area disturbed
by subterranean rodents may be considerable.
For gophers this disturbance ranges from about
1% 10 45% of the area per year, with an average
value of 12.6% of the area/year for 12 cases
(Tilman 1983, Hobbs & Mooney 1985, 1991a,
Goldberg & Gross 1988). The only long-term
(six years) study on the effect of burrowing
activities on the vegetation found that 26% of
the area per year was disturbed by gopher
activities on serpentine grassland in California
(Hoobs & Mooney 1991a). This study also
found that about 50% of the disturbances
occurred in previously disturbed places.
Therefore, we calculate that the total surface
of the ground is affected by at least one gopher
disturbance in about 8 years.

Over the long term, mining and trans-
location of soil may modify topography,
creating large-scale pattems of Mima mounds
(Cox & Scheffer 1991). Mima mounds are
earth mounds that range up to 2-3 m in height,
20-50 m in diameter, and 50-100 per ha in
density, with mounded landscapes extending
for kilometers. The mechanism of formation
is the backward displacement of soil that
occurs during outward tunneling from the
center of animal activity, where this center is
located in elevated sites with deeper or better
drained soils (Cox 1984, Cox & Gakahu 1986,
Cox & Scheffer 1991).

EFFECTS ON THE VEGETATION
Tunneling activity may reduce by 25 to 50%

the biomass of plants directly over active
burrows and the effect may still be detectable

3 years after the burrows have been abandoned
(Reichman & Smith 1985). A similar impact
has been noted over burrows of three sympatric
species of bathyergids rodents from South
Africa (Reichman & Jarvis 1989). Further-
more, the effects of burrows on the vegetation
can be significant beyond the area of actual
disturbance. For pocket gophers, effects may
extend up to 1 m to each side of the tunnel in
the form of waves of increased and suppressed
plant biomass (Reichman & Benedict 1993).

The deposition of soil on the surface may
physically cover and kill previously existing
plants, creating open spaces for colonizer
species that are competitively inferior in
undisturbed sites (Tilman 1983, Hobbs &
Mooney 1985, 1991a, Williams & Cameron
1990, Inouye et al. 1987, Kodie et al. 1987,
Hobbs et al. 1988, Martinsen et al. 1990,
Contreras & Gutiérrez 1991). Reichman &
Smith (1991) speculate that plant species
growing from rhizomes or underground storage
organs have greater ability to overcome the
effects of burial than other species, so that
these types of storage structures might be
selectively favored when burrowing mammals
occur in significant densities. The physical
clearing of space produced by the heaps soil
produced by subterranean mammals may occur
along with changes in the nutrient and moisture
profiles, affecting seed germination and plant
growth.

Over the long term, perhaps the most im-
portant feature of burrowing is soil formation
and soil mixing. After soil is brought to the
surface, it erodes and redistributes nutrients.
In east-central Minnesotta, gophers reduce
average soil nitrogen near the surface and
increase point-to-point heterogeneity of soil
nitrogen by moving nitrogen-poor subsurface
soil to the surface, affecting local species
composition and old field succession (Inouye
et al. 1987). In the same area, soil used by
gophers to plug empty burrows contains less
nitrogen than surrounding soil (Reichman
1988). The heaps and ridges generated by
suberranean mammals also produce distinctive
soil moisture profiles (Skoczen et al. 1976)
which, in turn, probably affect plant success
(Reichman & Smith 1991).

Mima mounds exert a large-scale influence
on plant community structure because of their
deep, loamy soils and favorable moisture
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relations. In coastal southern California, these
mounds, in the absence of frequent fire, are
foci for the establishment of various suf-
frutescent and woody shrubs (Cox 1986). They
also permit upland plants to extend their
distribution into coastal salt marshes (Cox &
Zedler 1986).

By virtue of the large biomass that po-
pulations of subterrancan mammals may reach
(see above) their impact on vegetation by direct
herbivory may be substantial (Andersen 1987).
The only attempt to assess the magnitude of
below-ground herbivory by subterranean
mammals appears to be the field study by
Andersen & McMahon (1981). These authors
calculated that up to 30% of the annual primary
production allocated to belowground plants
parts may be consumed by these rodents.
Direct herbivory by subterranean mamals may
have major impacts on vegetation, such as
preventing aspen trees from invading mountain
meadows in northern Arizona (Cantor &
Whitham 1989). Only 4 months after the
removal of pocket gophers, aspen survival
increased 3-fold, vegetative reproduction 2.5
times, and average tree growth rates 3 times
compared to controls.

Estimates of the energetics of populations
of pocket gophers in the western USA
demonstrate that energy flow through this
herbivore component often greatly exceeds
that through other small and large herbivores
(Anderson & MacMahon 1981, Gettinger
1984, see Contreras & McNab 1990). There-
fore, in certain situations, subterranean rodents
may act as keystone species, regulating the
composition and productivity of plant com-
munities.

IMPORTANCE OF THE SPACE AND TIME
PERTURBATION REGIMES IN VARIABLE
ENVIRONMENTS

The disturbance regime due to subterranean
rodent activity is complex. During a six-year
study in northern California, Hobbs & Mooney
(1991a) found that disturbance levels varied
considerably in both time and space. Over the
study period anual rainfall varied 3-fold,
strongly affecting the plant community. In
particular, one species decreased and another
increased in abundance with increasing rain-

fall. Abnormally high rainfall in 1982 and
1984 allowed the buildup of populations of a
non-native species (Bromus mollis), which
subsequently was virtually eliminated from
the area by two consecutive years of severe
drought. Invasion by this introduced species
in 1983 was only on gopher heaps; in sub-
sequent years recolonization of gopher heaps
was predominantly by other species.
Interannual variability in species abundance
was most apparent on disturbed microsites.
The same authors have previously portrayed
Bromus mollis as the major colonizer of
gopher heaps formed early in the season
(Hobbs & Mooney 1985), but it is clear from
the longer 6-year study that this observation
holds only in years of high rainfall (Hobbs &
Mooney 1991a). These results clearly point to
the value of longer-term studies of community
and ecosystem dynamics. This is especially
true for mediterranean arid environments with
high variability (Hobbs & Mooney 1991b).

Most of the information about the dynamics
of arid ecosystems comes from works con-
ducted in North American deserts, and the
few studies yet conducted in South American
deserts indicate at least that such gene-
ralizations are not fully applicable to histo-
rically, taxonomically and geographical
distinct organisms of Neotropical arid eco-
systems (Mares 1980).

SUBTERRANEAN MAMMALS IN
SEMI-ARID CHILE

Three genera of subterranean herbivorous
rodents are presently found in South America:
Ctenomys, widespread in southern half of
South America, Spalacopus found in central
Chile (Contreras et al. 1987, Reig et al. 1990,
Redford & Eisenberg 1992), and the recently
discovered Orthogeomys (Geomyidae) from
northerwestern Colombia (Alberico 1990).
Despite their relatively widespread distribution
only a few studies have dealt, even indirectly,
with their ecological importance in Neotropical
ecosystems. Most data come from the few
studies conducted on Spalacopus, which is the
only subterranean herbivorous rodent found
in the arid coastal desert of central Chile.
Consequently, the following review is based
on this monotypic genus.



ECOLOGICAL RELEVANCE OF SUBTERRANEAN RODENTS 361

Spalacopus cyanus, locally known as
“cururo”, is an 80-120 g subterranean
octodontid rodent endemic to central Chile
(Contreras et al. 1987, Contreras in press). It
occupies a narrow range about 1,150 km long
by 150 km wide on the western side of the
Andes, and is found from sea level to an
elevation of 3,000 m. Spalacopus occupies
habitats ranging from mountain vegetation in
the Andes to Acacia savannas in the Central
Depression and coastal stabilized dunelands.
Cururos exhibit a clear preference for open
habitats. They are absent from habitats with
shrub cover higher than 60% (Contreras et al.
1987), and are most frequently found in
habitats dominated by grasses and forbs. When
present in habitats with intermediate shrub
cover, as the arid mediterranean coastal
habjtats found in Fray Jorge National Park
(30 38’ S,71 40’ W, 60% shrub cover), their
tunnels are found in open spaces between
shrubs (Fig. 1). The cause-effect nature of this
relationship is inclear at the moment. It is
possible that cururos simply prefer open spaces
because of greater abundance of their food
resources there. At the same time, however,

cururos may contribute substantial by their
activities to the maintenance of open habitats,
precluding the development of a climax
matorral community by plant succession, much
as gophers prevent the climax aspen forest
from developing in mountain meadows in
Arizona (Cantor & Whitham 1989).

Three considerations indicate tha the plant-
animal interaction between geophytes and
Spalacopus is a strong one. 1) Although geo-
phytes appear heavily grazed by Spalacopus,
especially in arid areas where they seem to be
the only food resource available to cururos
during almost of the year, or even for several
years of drought, their numbers do not
seem to decline over time. 2) Geophytes and
Spalacopus present highly overlaping
distributions (Zoellner 1972, Contreras et al.
1987). 3) The presence of subterranean her-
bivorous rodents in South American (Reig et
al. 1990), and presumably also of geophytes
(Ehrendorfer 1976), seems to be quite old,
allowing sufficient time for at least the in-
dependent development of characteristics
favoring their coexistence in arid environ-
ments.
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Fig. 1: Frequency distribution of the shortest distance from openings of tunnels of
Spalacopus cyanus to the border of the nearest shub. Negative values correspond to
openings located under shrubs. Sample size equals a total of 100 tunnels from 5 different
colonies taken in Fray Jorge National Park in October 1991.

Distribucién de frecuencia de la distancia més cornta entre bocas de wineles de Spalacopus cyanus y el borde

de arbusto m4s cercano. Valores negativos corresponden a bocas bajo arbustos. Datos de 100 aberturas de 5
colonias en el Parque Nacional Fray Jorge en octubre de 1991.
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Cururos have been reported to feed
extensively on bulbs of geophytes such as the
“huilli”, Leucocoryne ixioides (Alliaceae),
Rhodophiala (Amaryllidaceae), and Co-
nanthera sp. (Thecophylaeaceae) (Reig 1970,
Torres-Mura 1990). They also feed on shoots
of grasses and forbs when available (L.C.
Contreras pers. obs.) Microhistological studies
of stomach contents and feces of 10 Spala-
copus from an arid coastal habitat, during the
summer season (February 1991) when all
herbaceous vegetation had dried up, indicated
that bulbs of geophytes make the major part
(55%), and in some individuals almost the
only component, of the diet of cururos. Other
items consumed were roots of woody plants
(32%) and unidentified plant material (13%).
Tunneling and harvesting of geophyte appears
to be the primary mode of foraging throughout
the year, as suggested by the constant rate of
cumulative volume of soil deposited on surface
heaps (see later).

Cururos are highly social, living in groups
of about 6-15 individuals (Reig 1970, Torres-
Mura 1990). Cururo colonies vary greatly in

density. In some locations, colonies and their
areas of disturbance are hundreds of meters
apart; in other areas closely packed colonies
create continuous disturbance for many kilo-
meters. Torres-Mura (1990) found a regular
distribution of colonies both in the Andes and
in coastal dunes of central Chile, with average
distances of 32 and 37 m respectively, among
them.

Surface soil deposition by cururos is
substantial and comparable to that of most
North American pocket gophers. Unpublished
data on soil mining by a cururo colony over
21 months in Fray Jorge indicate that the
monthly rate of mound production is variable,
with an average of 64 + 23 (SD) heaps/month
(range 29 to 110) (Fig. 2). Mound production
was lowest during the rainy winter months of
1991 and coincided with the formation of an
herbaceous stratum. It may be hypothesized
that during that time consumption of above
ground herbs, within a distance reacheable
from openings of burrows, made tunneling for
geophytes less demanding. However, the
volume of soil deposited on the surface was
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Fig. 2: Precipitation, number of heaps, and volume of soil deposited on the surface by
one colony of Spalacopus cyanus in Fray Jorge National Park, Chile. The soil volume
has been multiplied by 100 in order to use the same scale as for number of heaps.

Precipitacién, nimero de monticulos y volumen de tierra depositada en la superficie formados por una

colonia de Spalacopus cyanus en el Parque Nacional Fray Jorge, Chile. El volumen de suelo ha sido
multiplicado por 100 para usar la misma escala que para el nimero de monticulos.
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less variable and was unrelated to precipitation
(Fig. 2). In central Chile Torres-Mura (1990)
found a clear, direct relationship between the
formation of heaps, precipitation, and herb
growth. The cumulative volume of soil
deposited on the surface of the ground by the
colony studied was equal to 2.5 m3/year, and
the total soil mass equal to 3.22 ton/year, at a
bulk density of 1.31 g/cm3 for mined soil. The
surface area directly covered by heaps was
92.4 m?/year. At a density of three colonies
per hectare (Reig 1970, Torres-Mura 1990),
this would equal about 10 ton/ha. We do not
know the magnitude, if any, of subsurface soil
redeposition by cururos.

After heaps are made they progressively
decrease in size by loss of their initially high
water content, and by subsequent wind and
rain erosion. The amount of soil collected in
pitfall traps located at the surface level is about
3 times higher in areas with than without
burrows (J.R. Gutiérrez, unpublished data).

The tunnel system excavated by Spalacopus
provides refugia for other rodents. In Andean
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environments it has been shown that small
cricetid rodents are more abundant in areas
with burrows (Simonetti et al. 1985).
Geophytes are plants that grow and store
reserves underground during periods of short
and unpredictable favorable conditions and
remain dormant most of the time, which may
extend for years of drought (Boeken 1989).
Consequently, although they may be generally
abundant in arid environments of Chile
(Armmesto et al. 1993), there must be a lapse of
time for them to recover after they have been
harvested locally by Spalacopus. This might
explain the relatively continous expansion of
their foraging tunnels to contiguous areas and
the concomitant slow but progressive
abandonment of already exploited areas.
Figure 3 shows the displacement of a colony
of cururos in Fray Jorge from July 1990 to
October 1991. This pattern of soil trans-
location and movement of the colonies implies
local perturbation and increased heterogeneity
over the short term, but extensive perturbation
of the system with a mosaic of mounds with
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Fig. 3: Spatial distribution of soil surface deposition by one colony of Spalacopus cyanus in Fray Jorge
National Park from a) July to December 1990, and b) from January to October 1991. Horizontal and
vertical lines are for reference. Symbols are for different months, but the scale does not allow sufficient
resolution. Broadly, at the beginning, mounds were located at the lower left corner, then they moved
towards the center, to the bottom, to the center, and finally to the upper left corner. The colony moved

outside the area by December 1992.

Distribuci6n espacial de monticulos de suelo formados por una colonia de Spalacopus cyanus en el Parque Nacional Fray Jorge
desde a) julio a diciembre 1990, y b) desde enero a octubre 1991. Las lineas horizontales y verticales son de referencia. Los
simbolos son distintos para cada mes, pero la escala no permite suficiente resolucién. En forma general, al comienzo, los
monticulos estaban localizados en la esquina inferior izquierda, después se movieron hacia el centro, hacia abajo, hacia el centro
y, finalmente, hacia la esquina superior izquierda. La colonia sali6 fuera del 4rea en diciembre de 1992.
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different age on a longer time scale. Despite
the fact that the area actually used by cururos
at any one time is relatively small, in many
areas it is difficult to find a place without
signs of cururo disturbance in the past. The
different pattern of soil mining and deposition
of cururos, as compared to that of pocket
gophers, might explain why Mima mounds do
not form in Chile despite the existence of
similar soils and other abiotic conditions (Cox
et al. in press).

In the arid coastal mediterranean area of
north-central Chile burrowing activity by
cururos appears to promote recruitment by at
least some of their primary food species
(Contreras & Gutiérrez 1991). Harvesting
depleted the abundance of large corms of
Leucocoryne, but stimulated germination, and
perhaps growth of young plants, thus leading
to an increase in density of small corms.
Torres-Mura (1990) reported that cururos
feeding on Conanthera cut the lower part of
the corm leaving a growing bud in the upper
portion which may regenerate a new corm.
The time interval between consecutive harvests
in a given area may depend at least on the
time required for renewal of geophytes (Torres-
Mura 1990).

In arid north-central Chile, surface soil
deposition by cururos promotes the growth of
certain annuals, such as Mesembryanthemum
crystallinum, a prostrate, introduced succulent
herb that occurs on sites disturbed by human
related activities. The abundance of this species
in areas with burrows was four times greater
than in areas free of burrows, leading to an
increase of more than 60% in total dry biomass
of herbaceous plants (Contreras & Gutiérrez
1991). In undisturbed areas, however, Mesem-
bryanthemum is not found in the system,
heaps are colonized by native pioneer species
and differences between areas with and without
burrows are less impressive (authors’ un-
published data).

Chemical analysis of 10 soil samples from
heaps made by cururos and of surface soil not
covered by heaps in Fray Jorge showed no
differences in pH, electrical conductivity,
nitrogen, phosphorus, potassium or organic
matter. Thus, the effects of cururo activities
on the herbaceous vegetation may be mediated
by physical rather than chemical factors.
However, cururo activities may contribute to

some extent to changes in soil chemistry. Their
tunnels may act as traps for organic matter
which may passively fall there, or by the
accumulation of aerial parts of herbs brought
into the tunnel by cururos, at least during the
growing season.

It is interesting to note that a more
significant contribution to changes in soil
chemistry, mainly by accumulation of feces,
leading to soil heterogeneity is made by the
degu, Octodon degus. This abundant, large,
colonial, diurnal, rodent mainly restricts its
activities to microhabitats under shrubs (Fulk
1976, Jaksic et al. 1979, Meserve 1981, Iriarte
et al. 1989). It is possible that the activities of
Spalacopus and O. degus, among other
possible animals, have important opposing
effects on the dynamics of the arid coastal
mediterranean ecosystem of north-central
Chile, leading to maintenance of a mosaic
vegetation.

CONCLUSIONS AND REMARKS

This review of the few available data on the
role of cururos in arid coastal ecosystems in
Chile indicates some similarities as well as
differences to what is known about the role of
subterranean mammals in other ecosystems of
the world. As for other ecosystems, Spalacopus
promotes the dominance of annual plants
through soil disturbance. These plants are
primarily introduced mediterranean annuals,
especially in heavy disturbed places. In North
America disturbance by subterranean
herbivorous rodents promotes shorth-term and
long-term heterogeneity of soil conditions. In
Chile Spalacopus also promotes short-term
physical heterogeneity, but in the long-term
the disturbed area is expanded by the slow
and constant displacement of their foraging
tunnels. In north-central Chile this trend seems
to oppose that probably generated by other
abundant and permanent resident rodents
mainly restricted to microhabitats under
shrubs.

Pocket gopher herbivory limits the local
distribution of certain preferred plants to
unsuitable foraging habitats (Cox & Allen
1987b, Cox 1989). In contrast, exploitation by
cururos apparently promotes increased re-
cruitment of some geophytes, much as reported
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for certain bathyergid molerats and geophytes
in South Africa (Lovegrove & Jarvis 1986),
but we do not know its effect on climax shrubs
of the Chilean matorral.

Probably most differences between cururos
and pocket gophers derive from differences in
a few basic conditions. Precipitation is
relatively infrequent and unpredictable within
and among years in arid coastal central Chile,
with the common occurrence of several years
of drought (Armesto et al. 1993). Geophytes
capitalize on favorable conditions for growth
and store reserves in underground organs, such
as bulbs, corms, or tubers. In arid coastal
Chile geophytes are abundant, apparently
constituting a reliable resource during the dry
seasons or even for several years of drought,
when all other herbs have dissappeared from
the surface. After geophytes have been foraged
in a given place, they cannot grow and recover
to pre-foraging levels until favorable con-
ditions occur. In years of enough precipitation
the recovery of geophytes may occur by growth
of small organs (bulbils and cormlets) which
may be shed or dispersed when a bulb or a
comn is harvested, or by the germination of
seeds. Germination of geophytes in Chile
seems to be favored by the physical rather
than by chemical conditions provided by the
loose soil of heaps. Consequently, an adequate
foraging strategy for subterranean herbivorous
rodents in these habitats would be to expand
their foraging area slowly, but continuosly
abandoning previously exploited areas where
the high cost of burrowing (Vleck 1981) cannot
be compensated by the benefits obtained.

Coloniality in subterrancan mammals is
infrequent and has been proposed to relate to
unfavorable -climatic and/or resource
conditions in general (Nevo 1979), and to low
density and random distribution of large
geophytes for African molerats (Lovegrove &
Wissel 1988, Lovegrove 1991). We do not
know whether those factors can adequately
explain the coloniality of Spalacopus. Cer-
tainly cururos are found in xeric environments.
However, food resources (geophytes) seem to
be abundant, relatively constant through time,
of small size, and clumped in distribution
(authors unpublished data).

The present information indicates that
activities of Spalacopus seem to be an
important determinant of the structure and

dynamics of the arid coastal ecosystems of
north-central Chile. However, more research
is needed in order to better understand the
functioning of this system. We hope that the
ideas presented here are provocative enough
to attract the interest of investigators to this
subject. This is especially important since the
arid coastal ecosystem in Chile has been
greatly degraded, mainly by clearing of
shrubby vegetation to grow wheat, the cutting
of wood for fuel and goat raising (Solbrig
1984, Shcofield & Bucher 1986). We hypo-
thesize that the desertification process,
mainly affecting shrub vegetation in the first
stages, will promote the occurrence of
geophytes and cururos. However, both may
be adversely affected by intense and persistent
per-turbations, such as those produced by
intense goat raising.

Finally, it should be noted that the few
available studies sumarized here come from
only one of the species of South American
subterranean rodents and mainly from just one
of the ecosystems where this species is found.
The situation may be quite different for other
species in different ecosystems in South
America. For instance, there are many species
of Ctenomys that have a larger body size than
Spalacopus, are solitary and feed on more
constantly available food resources above-
ground.
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