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ABSTRACT

Since disturbance is an important ecological factor affecting species diversity in natural environments, the
increasing human occupation rate in Brazilian Atlantic rainforest, which supports about 50% of Brazil’s
human population, has resulted in intense habitat degradation and fragmentation. Within this rainforest,
animal and plant species have been lost at a high rate, and biological and diversity is presently vulnerable.
Various animals community studies along a gradient of environmental disturbances have shown that the
highest species diversities occur in habitats with intermediate levels of disturbance frequency and intensity.
In the present study, which was carried out in the Atlantic forest of Ilha Grande (23° 11’ S and 44° 12" W),
an island located on the southern coast of Rio de Janeiro State, southeastern Brazil, we estimated species
richness, diversity, and abundance of small mammals in three forest areas having different disturbance
levels. This was done, in each of these areas and in an anthropic area that they surround, by establishing
trails 200 m long, in which points were marked at 20 m intervals. The work involved a total effort of
4800 trap/nights. We also measured some habitat variables at each site in order to evaluated their disturbance
levels. Our data showed that the two most conserved forests had the lower species richness and small
mammal diversity, while in the anthropic area wild species were absent. The forest with an intermediary
level of disturbance showed higher values for species richness and diversity, with the anthropic area
presenting the highest disturbance level.

Keywords: habitat disturbance, small mammal diversity, species richness, Atlantic rainforest.

RESUMO

Distirbio no habitat e riqueza e diversidade de pequenos mamiferos em uma area de
Mata Atlantica no sudeste do Brasil

Os disturbios s@o importantes fatores ecoldgicos afetando a diversidade de espécies em ambientes naturais.
Na Floresta Atlantica vive cerca de 50% da popula¢do humana do Brasil. A crescente ocupacao humana
neste ecossistema, resultou em uma intensa degradacio e fragmentagdo do hdbitat, tornando vulneravel
a sua diversidade bioldgica e ocasionando uma alta taxa de perda de espécies animais e vegetais. Alguns
estudos de comunidades t€ém demonstrado que ao longo de um gradiente de perturbagdo ambiental, os
maiores valores de diversidade de espécies sdo encontrados em hdbitats com niveis intermedidrios de
frequéncia e de intensidade de distirbios. No presente estudo, nds estimamos a riqueza, diversidade e
abundancia de espécies de pequenos mamiferos em trés dreas de Mata Atlantica com diferentes niveis
de distdrbio. O estudo foi conduzido na Mata Atlantica da IlTha Grande (23° 11’ S e 44° 12’ W), uma ilha
localizada no Sul do estado do Rio de Janeiro, Sudeste do Brasil. Em cada uma das trés areas de florestas e
em uma drea antropica rodeada por estas florestas, nés estabelecemos 10 trilhas paralelas com 200 metros
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de comprimento (com pontos a cada 20 m de intervalo e pontos adicionais acima do solo), num esfor¢o
total de 4800 armadilhas/noite. N6s também medimos algumas varidveis estruturais do habitat para avaliar
o nivel de distirbio em cada area. Nossos dados mostraram que as duas florestas mais conservadas tiveram
os mais baixos valores de riqueza e diversidade de espécies e que na drea antropica ocorreu uma perda
quase total de espécies silvestres. A floresta com nivel intermedidrio de distirbio teve os maiores valores
de riqueza e diversidade de espécies, considerando a drea antrépica como um hdabitat sob alto grau de

disturbio.

Palavras-chave: distirbios no habitat, diversidade de pequenos mamiferos, riqueza de espécies, Mata

Atlantica.

Disturbance is an important ecological factor
affecting species diversity in natural environments
(Sousa, 1984). These events can remove biomass,
creating free substratum, and competition. Besides
that, disturbances can be considered as events
that promote alterations in systems structures,
reduce species competition, and change resource
availability (Sher et al., 2000). Variations in
frequency and intensity may result in an increase
or decrease of biological diversity (Connell, 1978),
making them key factors in community structures
(Lavorel et al, 1994; Armesto & Pickett, 1985).
The degradation of natural environments (e.g.,
deforestation) and fragmentation substantially
modifies these structures and wild population
parameters and, consequently, may affect species
diversity (Law & Dickman, 1998; Laurence &
Bierregaard, 1997; Lovejoy et al., 1986; Noss et al.,
1994; Terborgh, 1992). It is also known that, in some
cases, disturbances cause increased environmental
heterogeneity which in turn may reduce the effects
of interspecific competition, and enable coexistence
of a larger number of ecologically similar species
(Fonseca & Robinson, 1990; Dueser & Shugart,
1979; Price, 1978; M’Closkey, 1976; Rozensweig,
1995; Hulbert, 1971 apud Richards, 1969). This is
especially true among small mammals, for whom
habitat is the most important niche dimension by
which species segregate (Schoener,1974).

Disturbances are heterogeneous in space and
time (Sousa, 1984). For some community studies
along a gradient of environmental disturbances, the
highest species diversity occurred in habitats with
intermediate levels of disturbance frequency and
intensity (Connell, 1978; Grime, 1979). In these
cases, tolerant species can survive in disturbed
areas, along with species already present in the
habitat (Connell, 1978).
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The Brazilian Atlantic rainforest, despite
concentrating one of the world’s highest biological
diversities, with approximately 7% of the planet’s
species (Quintela, 1990), is one of the most
threatened biomes of the planet (Fonseca and
Kierkulf, 1988), and one of the 25 global hotspots
(Myers et al., 2000). Of its original coverage,
which extended along almost all the Brazilian
coast, roughly 7% remains (Terghborg, 1992), of
which only 1% retains its original state (Mittermeir
et al., 1982). Increasing human occupation rates
in this ecosystem, which supports about 50% of
the Brazilian human population (Lino, 1992 apud
Bergallo, 1994), has resulted in intense habitat
degradation and fragmentation, which — besides
causing a high rate of animal and plant species loss
(Whitmore, 1997; Lino, 1992, apud Bergallo, 1994)
- has rendered the remaining biological diversity
vulnerable (Turner, 1996; Pimm and Askins,
1995). Presently 171 of the 246 threatened species
of Brazilian vertebrate fauna occur in Atlantic
rainforest (Lino, 1992 apud Bergallo, 1994), which
also numbers 567 endemic vertebrates, of which
51 are endemic mammal species (Stevens &
Husband, 1998).

Ilha Grande, an island covered by Atlantic
forest, is located off the southern coast of Rio
de Janeiro State, southeastern Brazil, is one of
the most important remnants of this biome. Alho
et al. (2002) analyzed the conservation status of
the Parque Estadual da Ilha Grande and concluded
that the state of vegetation covering in the island
remains comparatively better than that of the
degraded Atlantic forest overall, making the island
of special significance for ecological studies.

For hundred of years, many parts of Ilha
Grande were extensively used for farming. But
with the abandonment of agriculture after the area
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was transformed into a state park in 1971, the
island is now characterized by a mosaic of different
successional forest stages presenting various
anthropic interference levels. Alho ef al. (2002)
estimated that approximately 52% of the vegetation
covering in the island is partially disturbed whereas
46.7% continues undisturbed. This forest mosaic in
Ilha Grande constitutes in effect a model by which
to evaluate forest disturbance effects on biological
diversity. In the present study we estimated
species richness, diversity and abundance of small
mammals in three forest areas presenting different
disturbance levels in order to verify if comparatively
higher species richness and diversity occur in areas
with intermediary levels of disturbance.

METHODOLOGY

Study area

This study was carried out in Atlantic forest
near the village of Dois Rios, which is located on
Ilha Grande (23° 11’ S and 44° 12’ W). Annual
rainfall in the area is ca. 2,500 mm and mean annual
temperature is ca. 23 °C (NUCLEN, 1998). The
island has an area of approximately 19,000 ha and
is one of the most important remnants of Brazilian
Atlantic rainforest (Aradjo & Oliveira, 1988).

Collecting methods and analysis

We analyzed abundance, species richness,
and diversity of the small mammal community in
three Atlantic Forest areas, located in the southern
part of Ilha Grande, that differ in disturbance level,
and also in one anthropic area surrounded by these
forests: (1) 25 year-old secondary forest (25 SF)
- in a previously cleared area in which regeneration
began 25 years ago; the canopy is about
12-15 m high, the trees have relatively narrow
trunks (about 10-20 cm wide in diameter at breast
height (DBH); the understory is relatively dense
and has a comparatively shallow leaf litter layer
(5-15 mm); (2) 50 year-old secondary forest
(50 SF) in an area in which previously existing small
farms were abandoned approximately 50 years ago
(in the late 40’s); the canopy is 20-25 m high and
most tree trunks are 20-40 cm wide (DBH); the
understory is comparatively less dense than that of
SFR25; and (3) Undisturbed forest (UF) — having
no evidence of human impact; canopy reaching
30-35 min height with a relatively open understory;

the forest is dense and the trunks of many trees
reach ca. 1.4 m wide (DBH); leaf litter may reach
150 mm in depth; this area has a high bromeliad
and liana density (Almeida et al. 1998).

To evaluate the effect on the small mammal
community of a highly disturbed area surrounded
by forests, we extended our sampling using the
same trapping technique to the small mammals of
the anthropic area of Dois Rios village. The village
proper, which is surrounded by 25 SF and 50 SF
forests, is located in the southern part of the island
and is the site of most residential buildings, some
of which have been abandoned. Today, the village
has a population of about 170 people. All of the
native vegetation of the village has been removed
and replaced in some areas by exotic plants. The
village area is either barren or covered by exotic
and native herbs and shrubs and some portions are
covered by regenerating vegetation. These places of
the village have been abandoned in recent years.

To estimate abundance, richness and
diversity of small mammals species in each area
we delimited ten 120 m long trails, marked at 20 m
intervals. We set small-mammal traps at 70 points
on the ground at points marking the intervals. Ten
additional points were randomly chosen at which
we established traps attached to lianas or tree
branches 1.5 m above ground,. fifty Movart traps
and 30 Sherman traps with banana as bait were
used. To factor out the effect of seasonality, all
samplings were made from June to September (the
dry season). At each site captures were made on
15 consecutive nights, except for the traps above
ground, which remained open on only seven nights.
The traps were checked every morning and the
small mammals captured were identified, marked
by ear perforation (according to a pre-determined
number code — Bergallo, 1994), and released at the
capture point. Abundance of individuals of each
species at each site was estimated for each of the
ten trails established. For abundance estimates we
considered only first captures. Abundance for each
site was considered as the mean of that obtained
for all of the ten trails. Species diversity at each
site was estimated using the Shannon-Wiener
diversity index: H’ = -Xpi log_pi in which pi is the
proportion of individuals of the i-th species in the
sample (Magurran, 1988).

In order to estimate the disturbance level
of the areas, we calculated productivity and an
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understore indexes using the mean values of the
following variables:

Productivity index (based on Paglia et al.,
1995):

(1) estimated percentage of canopy coverage
(CQC). To estimate this variable, the quadrate was
positioned overhead, whereupon the observer
counted the proportion of internal subdivisions
occupied by the canopy. Coverage percentage
for one point was expressed as the mean of
5 percentages obtained at each; (2) central trunk
diameter (CDT) of standing trees close to the
ground. Both of the variables were measured inside
a 3 m radius at 30 different sampling points at each
site; (3) DBHs of all trees in a 5 m radius of ten
random sampling points at each site were tape-
measured to the nearest 2 cm; and (4) the sum of
plants at 0 cm (NPO), 50 cm (NP50), and 1 m (NP1)
above ground, were estimated with arod (1 m long)
extended horizontally at these three heights. These
variables were measured inside a 3 m radius at
30 different sampling points of each site, site using
the following procedures:

.. X, X X
Productivity Index: S+ S22+ 2@”
cc x(?DT xDBH
Understory Index: Ko KXwe . Xum
xNP50 xJVPl xNPO

where X is the mean value of the variables in each
area and X x is the mean value of the variables in
all areas.

RESULTS

The 60 nights of the study, which yielded a
total effort (4,480 trap/nights), resulted in a 4.57%
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mean capture success. We caught 69 different
individuals (in 205 captures) belonging to four
Families (Didelphidae, Sciuridae, Muridae, and
Echimydae) of two Orders (Didelphimorphia
and Rodentia) of wild small mammals. Of these,
three were rodent species (Trinomys iheringi,
Sciurus aestuans, and Oxymycterus dasytrichus)
and two were marsupials (Didelphis aurita and
Marmosops incanus). Table 1 shows the number
of individuals captured in, and total abundance of,
each area. Species found in all three sites studied
were Didelphis aurita and Trinomys iheringi.
Oxymycterus dasytrichus occurred only in 25 SF.
Sciurus aestuans was caught in 50 SF and 25 SF.

The understory density was greater in
25 SF and vegetative productivity higher in UF.
Productivity and understory indexes for each site
are presented in Table 2.

Fig. 1 shows the estimated values of species
richness, diversity, and mean abundance of small
mammals for the three forest areas studied.
Highest small mammal richness and diversity
occurred in 25 SF and highest abundance in 50 SF
(Fig. 1). Conversely, the lowest? values of small
mammal species richness and diversity occurred in
undisturbed forest (UF) (Fig. 1). In the anthropic
area, the only wild species sampled was Didelphis
aurita (one individual); besides that, 14 individuals
of the exotic Mus musculus were caught in the
traps.

DISCUSSION

In the forest habitats studied at ITha Grande
the small mammal species sampled were generally
common to the three sites, with rodent abundance
being higher than that of the marsupials. The

TABLE 1
Total number of individuals and abundance (based on marked individuals) of small mammal species captured in
three areas sampled on Ilha Grande, southeastern Brazil ( 25 SF = regenerating forest (25 years);
50 SF = regenerating forest (50 years); and UF = undisturbed forest.

Species 25 SF 50 SF UF
Didelphis aurita 3 5 4
Marmosops incanus 1 1 1
Sciurus aestuans 7 8 -
Oxymycterus dasytrichus 3 - -
Trinomys iheringi 5 15 16
Total 19 29 21
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TABLE 2
Values of environmental variable indices in three areas sampled on Ilha Grande, southeastern Brazil: 25 SF= regenerating
(25 years) forest; 50 SF = regenerating (50 years) forest; and UF = undisturbed forest.

Area Understory index Productivity index
25 SF 2.77 2.32
50 SF 2.71 3.18
UF 2.51 3.29
30
25
20
* -
15
10
*
5 + +
+
0
25 SF 50 SF UF
Areas
* Diversity + Richness - Mean abundance
Fig 1. — Mean abundance, richness, and diversity of small mammal fauna in the three sampled areas on Ilha Grande,

southeastern Brazil: 25 SF = regenerating forest (25 years);

anthropic area presented severely diminished small
mammal fauna, with only one wild species caught
(Didelphis aurita), which is also common in other
altered forested areas of Ilha Grande (Alho et al.,
2002) and in urban areas. The other species found
at in the urban area was the exotic Mus musculus,
an invader common on about 95% of oceanic
islands (Alho et al., 2002).

Our data indicated a variation in some
parameters of the small mammal community among
habitats differing in disturbance level, i.e., small
mammal diversity was comparatively lower in the
undisturbed forest, whereas the higher values of
abundance, richness, and diversity occurred in the
forest areas with intermediate levels of disturbance
(50 SF and 25 SF) if we consider the anthropic area
as one additional level of disturbed area.

50 SF = regenerating forest (50 years); and UF = undisturbed

Areas with different disturbance levels
usually vary in vegetational structure (Attiwill,
1994). Stallings et al. (1990) studied the effect of
human disturbance in a small mammal community
in an Atlantic rainforest area and suggested the
basal area of trees as a good index of disturbance
level. Also, the basal area can increase site
availability for breeding, foraging, and providing
refuge for small mammals (Alho, 1981). Besides
that, in successional forest stages differences are
found in habitat structure, e.g., in the early stages
a comparatively higher understory cover and trees
with narrow trunks and less canopy coverage are
expected, in contrast with those found in mature
forest. Our data of productivity and undestorey
indexes were consistent with this expectation.

Braz. J. Biol., 66(4): 983-990, 2006
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Connell, 1978 proposed that intermediate
levels of impact would result in an increase of
biological diversity in communities of tropical
trees and coral reefs. On the other side, Wylie &
Currie (1993) suggested that the species-energy
theory (which proposes that the species richness
in a particular area is limited by the amount
of available energy) could be applied to small
mammal communities explaining approximately
70 to 76% of the variation in the species richness
in different areas. However, habitats with high
productivity and consequently higher amount of
avaiable energy, are less heterogeneous and as the
variety of resources available decrease, the species
diversity would decrease accordingly (Rozensweig,
1996). As a result the higher values of species
diversity are expected in habitats with intermediate
productivity (Rozensweig, 1971). Primary forests
are relatively homogeneous habitats (Fonseca,
1989) where it is expected to occur a high primary
productivity (Mabberley, 1983). Our results agree
with the trend that more disturbed habitats tend
to be more heterogeneous whereas undisturbed
forest areas usually tend to be more productive and
homogeneous. For small mammals, space seems to
be the main niche dimension to allow the coexistence
of ecologically similar species (Schoener, 1974).
The spatial heterogeneity may result in an increase
in the diversity of resources available in a particular
habitat making the coexistence of a large number of
species feasible (Simpson, 1964; Richards, 1969;
apud Paglia et al., 1995). An increase in the level
of spatial heterogeneity in a particular habitat may
also diminish the rate of interspecific encounters,
reducing the effects of competition (Hulbert, 1971
apud Richards, 1969). Small mammal microhabitat
segregation has been indicated to be an important
force in the small mammal communities structure
(e.g. Kadmon, 1993; Duplessis & Kerley, 1991;
Christian, 1980; Alho, 1978). Habitats having some
level of disturbance increase in environmental
heterogeneity (Lambeck & Saunders, 1993 apud
Law & Dickman, 1998) resulting in higher number
of microhabitats available to sympatric species
(Scott et al. 1982; Crawford et al, 1981 apud
Yahner, 1986; Yahner, 1984). Stallings et al. (1990)
studying an Atlantic rainforest area in Southeastern
Brazil found an increase of small mammal diversity
as a function of the habitat heterogeneity caused
by fire (where antropic disturbances created many
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environments, increasing especially the number of
terrestrial rodents). According to Fonseca (1989),
the more homogeneous primary forests tend to
have lower small mammal diversity and species
richness, while those of large heterogeneous areas
tend to be higher. Furthermore, the small mammal
communities of intermediary-stage secondary
forests of Brazilain coastal regions have higher
richness and diversity than mature forests, because
forest structures with developed understory favor a
high degree of habitat segregation, increasing local
diversity (Fonseca & Robinson, 1990). Our results
are consistent with those of Fonseca (1989) for
other Brazilian Atlantic rainforest areas and also
with those of Bonvicino et al. (1997) for the cerrado
of central Brazil. Both studies found that higher
species richness and diversity of small mammals
occurred in areas with some level of disturbance
rather than in undisturbed forest. However, a local
increase in species diversity does not necessarily
imply a regional-scale increase, and although
destruction of natural environments may favor a
higher number of species, at the same time many
of them - specially those who use the specialized
microhabitats in the forest may disappear. For
endemic species in natural environments, anthropic
disturbances - whether by deforestation, pollution,
or species introduction are novel in evolutionary
terms, and their long-term consequences may be
disastrous.
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