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Abstract

We analyzed the abundance and diversity of Heteromyid
and Murid rodents in the Lagos de Montebello National Park
and adjacent areas, Chiapas, Mexico. We sampled three
habitat types with different degrees of disturbance: pine-
oak-liquidambar forest, ecotone and crop farming lands.
Habitat types were defined considering characteristics such
as heterogeneity, structural complexity and arboreal cover.
We obtained ancillary habitat data considered important for
small mammal requirements. Data on rodent communities
were obtained by capture-mark-recapture between February
and October 1996. We made 410 captures in 3820 trap-nights
effort. Ten species were recorded, including one endemic
with restricted distribution in Chiapas. Mouse diversity in the
forest was significantly higher than within the farm lands. A
Kendall correlation analysis showed positive relationship
between rodent community species richness and habitat
heterogeneity. Diversity of rodents was associated with the
habitat complexity and structural elements, and negatively
correlated with farming intensity. We found a high beta diver-
sity and low similarity of the rodent communities in the three
different habitats. Community composition strongly changed
from the forest through the ecotone into the farm lands, with
five species gained and seven species lost. The highest
species richness was found in the ecotone; however, it
showed a strong dominance of a single species that can
convert into a plague of crops, and relatively low abundance
of the other species. The pine-oak-liquidambar forest had the
highest diversity indices, sheltering a particular rodent com-
munity within the study area, it therefore probably has the
most important role in the conservation of the local
biodiversity.

Resumen

Se analizé la abundancia y diversidad de roedores de las
familias Heteromyidae y Muridae en la region del Parque

Nacional Lagos de Montebello, en Chiapas, México. Los
muestreos se llevaron a cabo en tres tipos de habitat con
diferentes grados de transformacion: bosque de pino-encino-
liquidambear, ecotono y cultivo. La definicion de los tipos de
habitat se realiz6 segin sus caracteristicas principales en
cuanto a la heterogeneidad del habitat, complejidad estruc-
tural y cobertura arborea. Ademas de estas caracteristicas
se tomaron otros datos del habitat, que se consideraron
importantes para los mamiferos pequefios. Los datos de las
comunidades de ratones se obtuvieron a través de captura-
marcaje-recaptura entre febrero y octubre de 1996, realizan-
dose 410 capturas con un esfuerzo de 3820 noches-trampa.
Se registraron diez especies, una de ellas endémica para
Chiapas. Se encontr6 que la diversidad de ratones en el
bosque es significativamente mayor que en los cultivos. Un
analisis de correlacion demostrd asociacion positiva entre la
riqueza de la comunidad de ratones y la heterogeneidad del
habitat, asi como entre los indices de diversidad y la com-
plejidad y cantidad de los elementos estructurales del habitat.
Se encontr6 una correlacién negativa entre la diversidad de
ratones y la intensidad del cultivo agricola. Se observo una
alta diversidad beta de ratones y baja similitud entre las
comunidades en los habitat considerados. La composicion de
las comunidades cambid desde el bosque a través del ecotono
hasta el cultivo. El ecotono presenté la mayor riqueza, sin
embargo mostr6 una fuerte dominancia de solo una especie,
la cual puede convertirse en plaga del cultivo, y abundancias
relativamente bajas del resto. El hdbitat con mayor indice de
diversidad fue el bosque de pino-encino-liquidambar, que
alberga una comunidad de ratones particular para el area de
estudio, por lo que probablemente juega el papel mas impor-
tante en la conservacion de la biodiversidad local.
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Introduction

The drastic changes occurring within natural forests during
recent decades have provoked three important trends: 1)
towards the reduction of the surface extension of the
forest; 2) towards the simplification of the forest com-
munities in structure and composition, promoted by the
selective extraction of the forest resources and subsequent
reforestation with few species; 3) towards increased frag-
mentation, resulting in smaller and more isolated patches of
native forests, original habitats being replaced by agricultural
fields, pastures, industrial and urban zones (Harris, 1984).
Even the protected natural areas of Mexico are not excluded
from these processes, as parts of them are rapidly being inte-
grated into the agricultural matrix. In the Lagos de Monte-
bello National Park in the State of Chiapas, more than 1000
inhabitants were dwelling within its boundaries in 1990. It
has been estimated that in the 1970s there still existed 4753
ha of forest in good condition, 71.9% of the Park’s total
surface of 6022 ha. Nevertheless, by 1993 the forested area
has been reduced to 264 ha, or 4% of the Park’s total area
(March & Flamenco, 1996). The rest is covered by
transformed and fragmented forests, such as agricultural
lands and human settlements, which produce a heteroge-
neous landscape.

Despite this alarming fragmentation and loss of
the natural ecosystems within Lagos de Montebello National
Park, there exists very little information about its faunal
diversity. The principal objective of this study was to iden-
tify the tendencies in diversity and composition of field
mouse communities (Rodentia: Heteromyidae and Muridae)
in habitats of three different grades of disturbance: 1) pine-
oak-liquidambar forest; 2) ecotone and 3) agricultural areas
(mainly corn fields). These habitats are the principal compo-
nents of the heterogeneous landscape in the area, resulting
from different land use practices.

Small mammals, in particular rodents of the Heteromyi-
dae and Muridae families, generally play important roles
in ecological processes. Beyond their considerable con-
tribution to the ecosystem’s diversity, they are potential
prey for other terrestrial vertebrates, consumers of massive
amounts of vegetal parts (leaves, roots, fruits, seeds),
predators of insects and other invertebrates, and even small
vertebrates, as well as dispersers of seeds and certain myc-
orrhizal fungi. Moreover, they can be vectors and reservoirs
of human diseases, and use a wide range of ecological niches
(August, 1983; Bergallo, 1994; Cameron & Spencer, 1981;
Carey & Johnson, 1995; Corney & Baker, 1986; Janzen,
1986; Lopez-Arevalo et al., 1993; Lopez-Vidal & Alvarez,
1993; McClearn et al., 1994; Sanchez-Cordero, 1993;
Sanchez-Cordero & Fleming, 1993). Due to their key eco-
logical role and ease of capture and handling, these rodents
are suitable for ecological studies, offering significant infor-
mation about the dynamics of local biodiversity in relation
to conservation levels of the different habitat types within a
landscape.

Materials and methods
Study area

The Lagos de Montebello National Park is situated in the
Southeast of the State of Chiapas, Mexico, close to the
Guatemalan border, and within the transition zone between
the region of the Central Plateau and the Lacandona Tropi-
cal Forest (Fig. 1). The average elevation of the area is
1500 m. The prevailing climate is semi-tropical, with summer
rains, A(C)w”2(w), according to the Koppen classification,
modified by Garcia (Cardoso, 1979). The average annual
temperature is 18°C and the average annual precipitation is
1836 mm. The dominant natural vegetation types are pine
forest, pine-oak-liquidambar forest, and tropical mountain
rainforest (Breedlove, 1981; Carlson, 1954). The dominant
woody species are: Ardisia sp., Liquidambar styraciflua,
Oreopanax xalapensis, O. sanderianus, Pinus oocarpa, P
montezumae, Quercus laurina, Q. polymorpha, Q. sapotae-
folia and Q. peduncularis (Carlson, 1954). The presence of
over 50 lakes of different sizes is a major characteristic of
the landscape. The most common land uses are the cultiva-
tion of corn, beans, tomato, coffee, and pasture for extensive
cattle ranching. Utilization of the forested areas includes the
extraction of firewood, wood, and other non timber-yielding
products such as blackberry, mushrooms, bromeliads,
orchids and pine needles.

Characterization of habitats

Ten representative sampling sites were chosen: 3 in forest
(sites no. 1-3), 4 in the ecotone (sites no. 4-7) and 3 in the
crop culture (sites no. 8—10) (Fig. 1, Table 1). The determi-
nation of habitat types was realized considering their princi-
pal characteristics of heterogeneity, structural complexity and
canopy level cover. Several authors have utilized the terms of
complexity and heterogeneity as important characteristics of
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Fig. 1. Location of the Lagos de Montebello National Park in the
State of Chiapas, Mexico, and of the different sampling sites.
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Table 1. Habitat characteristics of the sampling sites in the Lagos de Montebello National Park, Chiapas, Mexico in 1996.

Forest Ecotone Farm land
Sampling sites 1 2 3 4 5 6 7 8 9 10
Heterogeneity 1 1 1 2 2 2 3 1 1 1
No. of vertical stata 4 4 3 3 3 3 3 1 1 1
Cover of arboreal stratum (%) 90 80 75 50 30 40 60 2 0 0
Cover of high shrub stratum (%) 70 50 0 0 0 0 0 0 0 0
Cover of low shrub stratum (%) 60 70 85 45 80 60 60 0 0 0
Cover of herbaceous stratum (%) 50 40 60 75 75 75 50 100 90 80
Soil type 2 2 3 3 4 3 2 3 3 3
Slope 1 2 1 2 0 0 1 0 1 0
Rockiness 2 2 1 2 1 0 1 0 2 0
Logs 3 2 2 3 1 1 2 0 0 0
Agricultural system 0 0 0 1 0 0 2 2 1 1
Mono/Polyculture 0 0 0 1 0 0 2 1 1 1
Farming intensity 0 0 0 2 0 3 1 1 2 3
History/Phase of succession 4 4 4 3 3 3 2 3 1 3

Heterogeneity = No. of different habitat types in a sampling site.
Soil type: 1 = sandy; 2 = muddy; 3 = clayey; 4 = flooded

Slope: 0 = low; 1 = moderate; 2 = pronounced

Rockiness: 0 = no; 1 = low; 2 = medium; 3 = high

Logs: 0 = no; 1 = some; 2 = relatively abundant; 3 = very abundant

Agricultural system: 0 = no, 1 = annual; 2 = perennial

Mono/polyculture: 0 = no agriculture, 1 = monoculture; 2 = polyculture

Farming intensity: 0 = no; 1 = extensive (manually without use of agrochemicals); 2 = semi-intensive (manually with use of agrochemicals);

3 = intensive (mechanical with use of agrochemicals)

History/phase of succession: 1 = <5yrs; 2 = 5-10yrs; 3 = 10-20yrs; 4 = >20yrs

a habitat (August, 1983; Gallina et al., 1996). Habitat com-
plexity refers to the vertical structure of the vegetation
(number of strata) while the horizontal variation of the
habitat’s features is expressed in the heterogeneity of the
habitat patches (August, 1983). Based on these structural
aspects and canopy cover, three different habitat types were
defined: 1) forest habitat with three or more strata and with a
canopy tree cover of more than 75%; 2) heterogeneous habitat
or ecotone with no more than 3 strata and with a canopy tree
cover of less than 60% (forest, or coffee culture, partly with
shadow); 3) homogeneous habitat with crop culture, contain-
ing only the herbaceous stratum (Table 1). Apart from the
above characteristics, some qualitative habitat data con-
sidered important to the supposed requirements of small
mammal communities were also recorded (August, 1983;
Carey & Johnson, 1995; Gallina et al., 1996) (Table 1).

Sampling design

Mice were sampled with Sherman live traps arranged in 7 X
7 grids with a trap-spacing of 10m. Traps were not placed
on standing trees. A total capture effort of 3820 trap-nights
was applied over 9 months, from February to October of
1996. At each sampling site the same capture design and
effort was applied, with 3 temporal repetitions of a 3 day

series of capture-recapture. To avoid the influence of differ-
ent nearby habitat types, within the forest and the cropland
the trap grid was placed as far as possible from the edge of
adjacent habitats of different type. In the ecotones the
quadrats were established in such a way that their central line
followed either the ecotones’ center or the border between
the two different habitats. In the latter case, the two halves
of a quadrat fell on the two neighboring habitats. Oat flakes
mixed with peanut butter and vanilla essence were used as
bait. The traps were checked twice a day, in the evening and
early in the next morning. The first captured individuals
(three at most) of each species were prepared as scientific
specimens for reference and were placed in the Mammal Col-
lection of ECOSUR (CHIS.MA.013.0497). Subsequently
captured individuals were identified according to their
external characteristics, permanently marked by an earmark-
system, and then released at the capture site.

Data Analysis

Species abundance was estimated using the multiple recap-
ture Jolly-Seber open-population model (Krebs, 1989; Seber,
1986). This model consists of a ‘hyperpopulation’ that
includes all members of the population alive at present or to
be born during the experiment. Abundance data are consid-
ered by sampling site, or by habitat type, not by surface unit.
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We use the term habitat referring to any use of such habitat
by the registered species.

Generally, heteromyid and murid rodents do not roam
large distances and have restricted home ranges which do not
exceed 5000m?, varying by species, sex, age or season
(Lopez-Arevalo et al., 1993; Lopez-Vidal & Alvarez, 1993;
Quintero & Sanchez-Cordero, 1989). Hence, we assume that
species are associated with a particular habitat. In this study,
a species was defined as characteristic for a habitat-type,
when more than 75% of individuals were captured in that
habitat (Fig. 3). From this criterion, species that were
recorded just by one captured individual were excluded from
the calculations.

Three parameters were used for the characterization of
rodent communities: the richness (total number of species
present), the total abundance of individuals, and the
Shannon-Wiener diversity index (H’) (Magurran, 1988;
Pielou, 1975). The 10-base logarithm was used for the cal-
culation of indices. To improve the statistics at the H’
diversity-index estimation for each habitat type, jack-knifing
was applied (Magurran, 1988). Diversity indices of habitat
types were compared with paired ¢ tests (Sokal & Rohlf,
1981; Zar, 1996).

We used the similarity index of Morisita to determine the
similarity level (Wolda, 1981) and indices of beta diversity
of Whitaker (Bw) and of Wilson and Shmida (Br) to quantify
the composition change of the species between habitat types
(Magurran, 1988). The index Bw was used to indicate the
relationship between the average number of species at
the different habitats and the total richness of the area, while
the index Pr was considered as the measure of the species
turnover among the different habitats (Magurran, 1988;
Schluter & Ricklefs, 1993).

The relationship between properties of the rodent com-
munity and environmental variables was evaluated in the
non-parametric correlation analysis of Kendall Tau (Sokal &
Rohlf, 1981).

Results
Species richness

We recorded 10 rodent species, 1 heteromyid and 9 murids
(Table 3). Two of these species are new records for the Mon-
tebello region (Oligoryzomys fulvescens and Peromyscus
mexicanus).

Capture success and temporality

Capture success was high (10.7%) with 410 captures, includ-
ing 115 recaptures. Highest capture and recapture rates were
registered in the forest and during the rainy season (August,
September, October), however, in the forest habitat during
the whole study and independently of the season, the number
of the captures remained high and stable (Table 2). The most
often recaptured species was P. zarhynchus.

Table 2. Number of mice captured per habitat and season in the
Lagos de Montebello National Park, Chiapas, Mexico, in 1996.

Forest Ecotone Farm land Total
Feb—Apr 57 61 18 136
May—Jul 58 35 15 108
Aug—Oct 60 68 38 166
Total 175 164 71 410

Diversity and composition of the communities

The ecotone was the richest habitat type harboring 9 of the
10 recorded species. Nevertheless, it also showed the great-
est dissimilarity in abundance of the species (Table 3, Fig.
2). Three species, O. fulvescens, O. couesi and P zarhynchus,
were only registered once, while R. mexicanus alone
accounted for 68% of the total abundance. Hence the ecotone
had a lower diversity index than the forest, where fewer
species were found, but numbers of individuals were more
evenly distributed between species (Fig. 2). The lowest total
abundance and diversity indices were obtained in the crop-
lands (Table 3). In contrast, the highest diversity index and
the most balanced composition of rodent communities were
found in the forest (Fig. 2). The forest had a significantly
higher diversity of mice than both the crop land (t = 2.493,
0.025 < p < 0.05) and the ecotone (t = 2.138, 0.025 < p <
0.05).

Characteristic species

In the forest, 2 of the 5 species present were identified as
characteristic, H. desmarestianus and P zarhynchus, whereas
P mexicanus and R. mexicanus are characteristic for the
ecotone. The latter is the only species recorded in all habitat-
types and occurred in the highest total abundance. In the
cropland zones, only S. hispidus is characteristic (Fig. 3). O.
fulvescens and O. couesi were not taken into account for the
calculation.

Beta diversity and similarity

The high degree of association between habitat and het-
eromyid and murid rodents is also reflected in high beta
diversities, either expressed as the average number of species
per sampling site with respect to the total richness of area
(Bw = 0.76), or as the species turnover among habitat types
(Table 4). From the cropland, through the ecotone to
the forest, 7 species were gained and 5 were lost. Among
the mouse communities, little similarity and a high level of
species turnover were observed in the three habitat types.
The highest similarity was found between forest and
ecotone (44%), while similarities between ecotone and crop-
land and between forest and cropland were low, 16% and
2.8% respectively.
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Table 3. Abundance of the recorded species and diversity indexes in the different habitat types in the Lagos de Montebello National Park,

Chiapas, Mexico, in 1996.

Abundance

(Estimated number of individuals)

Species Forest Ecotone Farm land Total F (%) R.AL
Heteromys desmarestianus 8 - - 8 10 0.21
Oligoryzomys fulvescens - 1 - 1 10 0.03
Oryzomys alfaroi 37.4 14 - 51.4 60 1.34
Oryzomys couesi - 1 - 1 10 0.03
Peromyscus levipes 15 6 - 21 20 0.55
Peromyscus mexicanus - 15 - 15 20 0.40
Peromyscus zarhynchus 31.66 1 - 32.66 30 0.85
Reithrodontomys mexicanus 21 122 3 146 90 3.82
Reithrodontomys sumichrasti - 10 21 31 60 0.81
Sigmodon hispidus - 7 325 39.5 40 1.03
Richness 5 9 3 10
Total abundance 113 177 57 347
H’ (Jack-knife) 0.746 0.569 0.459

(s.e. = 0.098) (s.e. = 0.149) (s.e. = 0.060)
1/D (Jack-knife) 4.639 2.048 2.759

(s.e. = 1.174) (s.e. = 0.767) (s.e. = 0.346)

F = Frequency of the occurrence of each species (Number of sites of occurrence / Total number of sites X 100).
R.A.I. = Relative abundance index of each species (Total number of individuals / total capture effort x 100).

H’ = Shannon-Wiener diversity index.
1/D = Inverse Simpson dominance index.

s.e. = Standard error of the estimated diversity indexes by Jack-knifing.
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Fig. 2. Mouse community composition in the three habitat types
at the Lagos de Montebello National Park, Chiapas, Mexico.

Characteristics of habitat and diversity of mice

The diversity of the rodent communities, expressed as
species richness, is positively correlated with the hetero-
geneity of the habitat (t = 0.527; p = 0.0339). There are also
positive correlations between the diversity expressed as
Shannon-Wiener’s index and the complexity (T = 0.597; p =
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Fig. 3. Distribution of the abundance of mouse species by habitat
types (O. fulvescens and O. couesi are not considered) in the Lagos
de Montebello National Park, Chiapas, Mexico, in 1996.

0.0163), the coverage of the arboreal stratum (t = 0.629; p =
0.0113), the rockiness (T = 0.493; p = 0.0472) and the quan-
tity of logs (Tt = 0.662; p = 0.0077). A negative correlation
was found between the diversity expressed as Shannon-
Wiener’s index and the intensity of the agricultural activity
(T =0.547; p = 0.0278).



6 A. Horvath et al.

Table 4. Beta diversity indices of Wilson and Shmida between the
habitat types in the Lagos de Montebello National Park, Chiapas,
Mexico in 1996.

Forest Ecotone
Ecotone 0.43 -
Farm land 1.06 0.5
Discussion

It has been suggested that a high level of complexity and het-
erogeneity in a habitat promotes high species diversity by
providing a great quantity of potential ecological niches
distributed both vertically and horizontally (August, 1983;
Bridgewater, 1988; Carey & Johnson, 1995; Gallina et al.,
1996; Noss, 1983). The results of the present study agree
with the above hypothesis, reporting a higher diversity of
mice in the forest, which is the most complex of the three
habitats studied. In the forest, the elevated number of verti-
cal stratification of the vegetation coincides with the highest
categories of arboreal cover, the quantity of fallen trunks and
rockiness. These characteristics provide a series of resources
for mice such as shelter, places for nests and food and pre-
sumably are the determining factors for the high diversity of
the small mammals, above all mice.

The study area is part of a heterogenecous and fragmented
landscape, including several habitats of very different char-
acteristics. Each of the three habitat types has a different
rodent community as evidenced by the low level or absence
of similarity and by the high values of beta diversity (Table
4). Important ecological features that influence the dispersion
and composition of animal communities in an agricultural
landscape are the diversity of the habitat, the presence of
borders or ecotones, as well as the fragmentation and dynam-
ics of the habitat (Harris & Woolard, 1990). A high exposure
to abrupt environmental changes in extensive areas of mono-
culture or a lack of vertical strata can work as barriers for the
dispersion of certain species and thus lead to reduced diver-
sity. For small mammals, especially mice, the extension of
habitat patches seems to be very important because even
relatively small patches with unfavorable habitat (cropland,
little vertical complexity, lack of coverage) may exert a
barrier effect (Andrén, 1994; Mills, 1995). The agricultural
landscape is the most dynamic habitat, due to the short cycles
of the cultivated plants and associated human activities.
Therefore, crop fields cannot maintain species that have
special requirements or a low tolerance to habitat transfor-
mation and only those species that are less sensitive to a
rapidly changing environment are able to survive there.
These generalist species acquire a competitive advantage in
the occupation of the ecological niches and may often
become dominant in the agricultural habitat (Harris &
Woolard, 1990). This was also shown by the present study,

demonstrating S. hispidus as the dominant cropland habitat
species. This rodent is a well-known crop plague, from the
southern USA to Venezuela (Cameron & Spencer, 1981). It
is adapted to disturbed habitats, by tolerating a simplified
habitat structure like herbaceous cover and pastures, for
shelter and food (Cameron & Spencer, 1981). Due to its high
reproductive rate resulting from short gestation, numerous
litter and very quick development (Cameron & Spencer,
1981) populations of S. hispidus are apparently able to
recover quickly from the hazards caused by the abrupt dete-
rioration of the habitat and high predation pressure. In the
cropland, the captures increased considerably after August,
the beginning of the rainy season, when the accelerated
growth of corn and weeds provided cover and food (Table 2).
Other species, like H. desmarestianus and P, zarhynchus, are
less generalist and associated to a higher grade of complex-
ity because they require structural elements for shelter and
nests or burrows. Moreover, their nutrition is strongly linked
to the resources of the forests (Coates-Estrada & Estrada,
1986; Horvath & Navarrete-Gutiérrez, 1997; Martinez-
Gallardo & Sanchez-Cordero, 1993; Sanchez-Cordero &
Fleming, 1993).

The three cropland species (R. mexicanus, R. sumichrasti
and S. hispidus) were also captured in the ecotone. This
suggests that the ecotone could serve as temporary retreat
for the species of mice that can become a plague in
certain periods of the agricultural cycle (Mellink, 1991;
Mellink, 1995). It is also important to emphasize that the
other species of the ecotone were never found in the crop-
land zones. This may result from biological peculiarities in
these species, which appear to tolerate a minor structural
complexity and take advantage of the other resources
provided by the ecotone, but perhaps lack the necessary
strategies to avoid increased depredation in the edge and sim-
plified habitats such as cropland (Bolger et al., 1997,
Rosenberg et al., 1997). In consequence, having reached a
certain level of reduction in the structural elements and cov-
erage, the habitat is no longer adequate for them, not even
for foraging excursions.

The ecotones, as heterogeneous environments, generally
provide certain habitat characteristics, such as a great variety
of microhabitats and food resources, factors that can increase
the richness of species (Pickett, 1994). They can also consti-
tute corridors or transition areas. Nevertheless, the relatively
large border area of ecotones also has some negative effects,
such as abrupt fluctuations in the microclimate and the higher
exposure to predators (Andrén & Angelstam, 1988;
Bierregaard et al., 1992; Murcia, 1995; Pickett, 1994; Saun-
ders et al., 1991). This might explain the absence or the low
abundance of some forest species. The mouse communities
of the different habitat types among a gradient of the level
of disturbance in the area of Lagos de Montebello National
Park also suggest a similar tendency. Our results show that
species richness (number of species that can potentially be
present) seems to increase within the ecotones. Nevertheless,
it is important to take into account the quantitative composi-
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tion of these rodent communities with a single species (R.
mexicanus) clearly dominating while individuals of another
species occur in ecotone habitat were captured rarely. Thus
the high species richness of the ecotones simply may be due
to mice passing through the ecotone at the moment of the
capture but do not reflect permanent residents.

The occurrence of the endemic species P zarhynchus, in
the ecotone is considered to be accidental, as their popu-
lations were only stable in the forest. Thus, in spite of
presenting a high richness, the ecotone does not seem to
maintain a high biological diversity over a long period of
time. For the conservation of the endemic and rare species it
is, therefore, of lesser importance than the forest.

The high species richness and balanced abundances
suggest that the forest is also the most stable habitat in terms
of the diverse requirements of the mice such as food, shelter,
diversity of microhabitat and nest sites. Thus, the forest is of
primary importance for the conservation of the local diver-
sity because it is sheltering a distinct and unique community
which includes, besides a species with a locally restricted dis-
tribution in the forest habitat (H. desmarestianus) a small
rodent (P zarhynchus) endemic to Chiapas and perhaps also
present in Guatemala (Horvath & Navarrete, 1997). Cer-
tainly, the only option for maintaining the whole faunal bio-
diversity for which this mice community stands only as one
example is the conservation of the pine-oak-liquidambar
forests in a good state, independently of the role of habitat
interspersion.

For a better understanding of the processes influencing
changes in diversity and local distribution of the species and
their population dynamics, ecological studies focussing on
the analyses of habitat quality, availability of resources and
feeding habits, and long-term monitoring and determination
of habitat-use by radiotelemetry are necessary.
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