4 Fragmentation and Edge
Effects on Plant—Animal
Interactions, Ecological
Processes and Biodiversity

F. LoPEZz-BARRERA J.J. ARMESTO, G. WiLLIAMS-LINERA,
C. SmiTH-RAMIREZ AND R.H. MaNsON

A fragment of tropical montane forest in central Veracruz, Mexico. Note the high contrast
(‘hard edge’) with the surrounding pasture land. Photo: Adrian Newton
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We summarize studies of forest fragmentation and edge effects on a diverse range of ecological
processes and abiotic variables in neotropical montane and south temperate rainforests. The
main findings from these studies are that: (i) anthropogenic edge effects significantly altered
forest regeneration processes occurring over small spatial and temporal scales; (ii) adjacent
vegetation type not only affected the probabilities of tree invasion and regeneration, but also
the extent of microclimatic edge effects within the forest interior; and (iii) edge structure and
function are linked as a habitat for plants and animals and as a front for forest expansion.
We found that the main modulators of edge effects were: (i) forest edge to non-forest matrix
contrast (hard and soft edges); (ii) edge orientation with respect to biotic or abiotic fluxes; (iii)
season (dry or wet) or year of study (temporal variance); and (iv) species-specific responses.
Future edge studies should consider the modulators of edge effects for the particular response
variable being studied. The consequences of edge effects for the conservation of regional biodi-
versity and changes in forest structure in fragmented forest landscapes are discussed.

Introduction
Forest fragmentation and its effects

Global forest fragmentation has been documented extensively, with an
emphasis on the substantial loss of tropical rainforests in Central Africa and
Amazonia (Fearnside, 1996; Justice ef al., 2001; Semazzi and Yi, 2001; Zhang
et al., 2001). The tropical montane forests of Mexico and Central America and
the temperate rainforests of southern South America have been less stud-
ied, but are also suffering rapid changes in land use leading to increased
forest fragmentation and larger perimeter/forest patch area ratios (see
Chapter 2). Such patterns are threatening the conservation of regional biodi-
versity, especially narrow endemics and forest specialists in each forest type
(Chapter 3), as well as the dynamics of biotic interactions in rural landscapes.
In general, the main trends associated with anthropogenic forest fragmenta-
tion are: (i) increasing habitat loss; (ii) increasing number of forest fragments;
(iii) decreasing size of forest fragments; and (iv) increasing isolation of rem-
nant forest habitats (Fahrig, 2003). A higher number of isolated forest patches
leads to the creation of more edge habitat or forest-matrix transitions. Loss
of forest cover, therefore, changes the habitat mosaic not only by creating
new edges, but also by changing the edge contrast, from low to high contrast
between the forest and the adjacent degraded or human-used habitat (Wiens
et al., 1985). These changes are likely to affect wildlife habitat quality, ecologi-
cal processes and ultimately regional and local biodiversity.

Edges are a transition zone separating two contiguous habitat types that
are perceived by some focal organism as being of significantly different qual-
ity (Lidicker, 1999). Hence, edge definition and measurement depend upon
habitat use by focal species and the spatial scale of the study (Murcia, 1995;
Sarlov-Herlin, 2001). Accordingly, the study of habitat edges is subjected to
several restrictions (Lidicker, 1999): (i) recognition of habitat edges depends
on the human observer; (ii) responses to habitat edges will be species-specific
and possibly sex- and age-specific as well; and (iii) assessing the width and
length of habitat edges is difficult, as various abiotic and biotic factors, which
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may influence the focal organism, penetrate to different distances across an
edge. Considering these restrictions, it is not surprising that it has been dif-
ficult to generate a unifying theory of habitat edges (see reviews by Ries et al.,
2004; Harper et al., 2005). However, extensive reviews suggest that the mag-
nitude and distance of edge influences are a direct function of the contrast in
structure and composition between adjacent habitats, resulting in different
edge types. Therefore edge responses are more predictable where specific
focal species, distributed along specific edge types, are defined a priori (Ries
et al., 2004).

Different functional edge types have been compared in a small number
of experimental studies, the results of which have suggested the following
a priori edge type classifications: (i) thinned versus intact (Cadenasso and
Pickett, 2000, 2001; Kollmann and Buschor, 2002); (ii) natural versus anthro-
pogenic (Song and Hannon, 1999); (iii) hard versus soft (Fenske-Crawford
and Niemi, 1997; Lopez-Barrera and Newton, 2004; Lopez-Barrera et al.,
2005); and (iv) border-edge cuts versus uncut edges (Fleming and Giuliano,
1998). The characteristics of the edge itself (thickness, sharpness, etc.) influ-
ence not only the movement within or across edges, but also the movement
to and from adjacent patches in the landscape (Sarlov-Herlin, 2001). Duelli
et al. (1990) suggested that permeability to the movement of organisms is
an important edge feature and proposed six edge types based on the ‘hard-
ness’ for the focal organism. However, permeability can also refer to physical
influences across edges, such as the effects of atmospheric chemistry and
fertilizers derived from activities in the surrounding matrix.

Edge effects and ecological processes

The term ‘edge effect’ was first used in 1933 by Leopold, a wildlife ecologist,
to explain the increased richness of generalist game species at edges between
two habitats or ‘ecotones’ (Sarlov-Herlin, 2001). Later the concept was broad-
ened to include the negative impacts of edges within large and well-preserved
forest fragments (Fox et al., 1997; Benitez-Malvido, 1998; Gascon et al., 2000).
As applied to tropical countries, studies of reserve design first addressed
the issue of edges in planning protected areas (Laurance, 1991). Today the
concept comprises a wide range of ecological processes occurring at edges
(Murcia, 1995), as mutual influences on physical and biological flows result
in changes of species composition and structure (Fagan et al., 1999; Lidicker,
1999; Cadenasso and Pickett, 2000, 2001; Laurance et al., 2001).

Edge effects may be defined by changes in physical or biotic response
variables, which occur at the transition between adjoining habitats (Lidicker,
1999). The current use of the edge-effect concept in the literature summarizes
a diversity of responses. Edges may have both positive and negative conse-
quences for focal organisms and may produce emergent response properties
(Fig. 4.1). Lidicker (1999) differentiated two general edge effects depending
on emergent properties: the matrix effect and the ecotone effect. The matrix
effect is an abrupt change in some response variable as the edge is crossed,
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4. Edge orientation modulates the intensity of abiotic effects (such as fog
penetration in cloud-dependent forests), thereby affecting resource distribu-
tion and consequently forest structure and dynamics.

5. According to landscape ecology theory, as structural similarity between
two adjacent habitats increases, the edge created becomes less abrupt and the
edge effect less evident. Hence, ecological flows (such as animal movements)
across edges may be enhanced by uniformity and reduced by sharpness or
abruptness of edges.

Research Approaches
Edges, forests and canopy gaps

Because of the considerable heterogeneity among study systems and research
foci, several different experimental and descriptive approaches were employed
(Table 4.1). Most of the studies defined a priori the habitat contrasts compared,
for instance forest edges versus canopy gaps, edges versus forest interior, trees
in forest patches versus isolated trees in pastures, forests versus shrublands,
etc. Six of the studies (‘experimental-habitat’) introduced artificial avian nests,
seeds or seedlings to evaluate the effect of the habitat on ecological process, and
eight studies (‘descriptive-habitat’) estimated attributes of plants and animals
(species richness, abundance, etc.) living in contrasting adjacent habitats. Two
studies estimated forest structure and composition along forest-edge-exterior
gradients and six studies (‘experimental-gradient’) tested different ecological
processes along forest-edge—exterior gradients (using distance from the edge
as a factor); most of these studies also tested the effects of edge type.

Varying sized forest patches, isolated trees and riparian corridors

Other studies within this project compared ecological processes such as polli-
nation and seed dispersal, focusing on landscape elements including isolated
trees in pastures, remnant forest patches in rural areas (1ha, small; 8-23ha
medium; >150ha large patches; Smith-Ramirez and Armesto, 2003), and the
function of riparian vegetation strips in rural landscapes (Box 4.10).

Main Research Findings

Edge effects
Owing to the broad range of methodological approaches, differences
among the study regions, and variation in the response variables measured,
we summarize the main results in Table 4.2 comparing edge versus inte-

rior habitat in forest patches. To integrate the extensive range of response
variables we developed a conceptual framework to compare the patterns
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intermediate in light requirements (Figueroa and Lusk, 2001; Aravena et al.,
2002).

In terms of edge theory, it has been argued that edge versus matrix con-
trasts may influence edge effects and therefore edge-related changes in the
response variable will be weaker near soft edges (low contrast) than hard
edges (high contrast edges; Ries et al., 2004). Differences in edge responses,
in the cases reported here, were mainly attributable to different mean vegeta-
tion heights and density between adjacent habitats. Studies in México con-
sidered this modulator of edge effects in two study areas where hard and soft
edges were compared (Table 4.3). In both study areas, studies in both hard
and soft edges recorded different emergent properties, but only when eco-
logical processes were studied as a response variable. When static patterns
such as forest plant species and tree seedling abundance were studied, no
significant differences were recorded in either study region.

The studies that compared ecological processes among forest edges ver-
sus forests interior and versus canopy gaps generally found that canopy gaps
represented a qualitatively different habitat for variables relevant to forest
dynamics compared to the forest interior. Forest edges represented interme-
diate conditions between these two contrasting environments, but differed
from canopy gaps. Changes in vegetation structure generally associated with
edge creation increased incident light availability, which in turn promoted
plant growth, often to a greater extent than occurs within forest canopy gaps.
From all the response variables tested in the different study regions, only
tree seedling growth and survival exhibited consistent responses in the three
regions, showing enhanced response in edges compared to the forest inte-
rior. In all of these experimental studies, nursery-grown tree seedlings were
established, to control for age and initial seedling status.

Ecological flows across edges, such as seed movement via biotic vectors
and fog penetration, were dependent on edge type. Soft edges were more
permeable to the movement of seeds by small mammals compared to hard
edges, and windward edges (owing to their orientation) were more impor-
tant for fog capture by trees, and as a consequence presented higher soil
moisture and enhanced tree regeneration.

Discussion
Species-modulated responses

As species differ in their physiological requirements, edge responses may
differ between species with respect to processes such as seed germination
(L6pez-Barrera and Newton, 2005), seed removal and/or predation by birds
and rodents (Diaz et al., 1999), and patterns such as tree seedling and sap-
ling densities relative to the forest interior (Box 4.8). Although the differ-
ent responses of species may result in changes in tree species composition
between edges and the forest interior, these contrasts are not always asso-
ciated with overall differences in tree species richness or floristic diversity
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Forest edges are habitats with emergent properties different to forest inte-
rior and tree-fall gaps

Significant differences in response variables occurred between the forest
edge and the forest interior or tree-fall gaps, indicating that forest edges are
indeed habitats with emergent properties. However, these differences were
recorded more frequently when response variables were ecological processes
(predation, dispersal, seedling growth, etc.) rather than patterns (seedling
abundance, plant diversity, etc.).

Edge-related changes in abiotic conditions (light, soil moisture, etc.) rela-
tive to the forest interior or tree-fall gaps may result in measurable differ-
ences in forest structure, species composition and ecological interactions
along edges

In this review, the abiotic conditions of edges in the two study regions
had an effect in the following patterns and processes: seed rain, avian nest
predation, seed germination, seed removal and/or predation, seedling
herbivory, seedling performance (survival and growth), tree growth rate,
fog interception and tree regeneration, seed movement from edge into the
exterior, epiphyte and bryophyte cover and species richness, diversity and
abundance of native small mammals and overall tree seedling and sapling
density.

In the two study regions, tree seedling survival and growth were higher
along the edge than in the forest interior (Chacén and Armesto, 2006; Lépez-
Barrera et al., 2006; Guzman-Guzman and Williams-Linera, 2006; and Box
4.2). However, such experimental differences were not always reflected in
higher density and diversity of naturally established tree seedlings along the
same edges (Boxes 4.3 and 4.4), highlighting the need for long-term studies
that consider all factors that might affect population- and community-level
dynamics along such borders.

Edges may induce changes in the abundance and distribution of species,
which will in turn produce changes in species interactions, such as preda-
tion, herbivory, pollination and seed dispersal

In all the studies where a response variable related to species interactions
was compared, an edge effect was recorded (i.e. significant differences were
recorded in the response variable between the edge and the forest interior).
We need to assess whether these changes are transient or persistent and their
overall net impact on ecosystem structure and function along this gradient.
Changes in distribution and/or abundance of seed predators and/or dis-
persers along the forest-edge gradient affected seed predation and disper-
sal (Diaz et al. 1999; Lopez-Barrera et al. 2005, 2007; Guzman-Guzman and
Williams-Linera, 2006). However, these edge effects were determined by
factors such as species, canopy opening and the occurrence of mast-seeding
years. Changes in distribution and/or abundance of insects along the for-
est-edge gradient affected seedling herbivory (Chacén and Armesto, 2005;
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Lopez-Barrera et al., 2006, and Box 4.2), but these differences were deter-
mined by factors such as species, edge type and season. Edge effects on pat-
terns of nest predation reflected the different distribution and/or abundance
of nest predators (Willson et al., 2001; De Santo et al., 2002). While pollination
was not studied along forest edges—interior gradients, results comparing iso-
lated trees in pastures, remnant forest patches in rural areas and riparian
vegetation strips in rural landscapes suggest that this ecological interaction
is strongly affected by forest fragmentation (Smith-Ramirez and Armesto,
2003; and Box 4.10).

Edge orientation modulates the intensity of abiotic effects (such as fog
penetration in cloud-dependent forests), thereby affecting abiotic factors
(light, humidity, wind, temperature, etc.), resource distribution and conse-
guently forest structure and dynamics

All forest patches studied in the rainforest patches in the Chilean semiarid
region displayed new tree establishment concentrated in the windward (or
fog receiving) edge, where oceanic fog inputs are three-times higher than in
the opposite edges, providing a suitable microhabitat for seedling and sap-
ling growth. In contrast, tree mortality was largely concentrated in the patch
centre and particularly in the edges opposite to the direction of fog input
(LE), where the oldest trees in the patch are found (del Val et al., 2006). This
underlines how edge orientation modulates fog penetration in cloud-depen-
dent forests, thereby affecting resource distribution and consequently forest
structure and dynamics.

According to landscape ecology theory, as structural similarity between
two adjacent habitats increases, the edge created becomes less abrupt and
the edge effect less evident; hence, ecological flows (such as animal move-
ments and seed dispersal) across edges may be enhanced by uniformity
and reduced by sharpness or abruptness of edges

This prediction was tested comparing the differences between hard and soft
edges. Hard edges presented an abrupt change in micro-environmental con-
ditions at the soil, herbs and shrub level, whereas changes along soft edges
were more gradual. These differences, mostly due to changes in microenvi-
ronment at the soil level, affected oak regeneration processes (Lopez-Barrera
and Newton, 2005; Lopez-Barrera et al., 2005, 2006). Along hard edges the
response variables change abruptly and we recorded a diversity of edge
effects (negative or matrix effects). In contrast, along soft edges effects were
more gradual or not observed at all. A positive relationship was observed
between the structural similarity of the matrix and forest vegetation and the
permeability of edges to small mammal acorn consumers (Lépez Barrera
et al., 2007).

Forest fragmentation and associated edge effects are widespread in
forested landscapes in tropical and temperate South America. The ecologi-
cal studies presented here were performed at relatively small spatial scales
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owing to the particular pattern of forest fragmentation in the regions stud-
ied (Chapter 3). Remnant forest patches often represent important resources
for human populations that have been using these ecosystems for centu-
ries. The loss of forest habitat and biological diversity resulting from land
conversion and deforestation threatens the sustainability of productivity
and ecosystem services (e.g. water and resource availability and erosion
control) provided to local people. However, a general theory about the net
consequences of forest fragmentation (including edge creation) on forest
biodiversity and ecosystem services remains elusive, as species-specific
and site-specific responses are common. Inferred or observed effects of
edges on biodiversity in the tropical montane and south temperate areas
compared in this study were not always negative. Edge theory is largely
derived from data collected in tropical rainforests of South America at
larger spatial scales and comparing well-preserved forest fragments with a
highly disturbed surrounding matrix. This research highlights the fact that
edge effects depend on the specific patterns of forest fragmentation, the
spatial scale of the clearings (edges versus canopy gaps), current land-use
use practices and the relative abundance of regenerating (soft) and static
(hard) edges (not always related to the edge age), the additive effects of
superimposed edges, the importance of small but frequent canopy gaps
occurring along the edges, and the continuous impact of human-related
activities within forest fragments, such as collection of firewood and live-
stock use of edges.

Our review provides evidence supporting the conclusions of Ries et al
(2004) and Harperet al (2005) that future edge studies should consider land-
scape complexity in developing a theoretical, predictive framework for mul-
tiple regions. The research summarized here shows that a number of factors
modulate the intensity, direction and type of edge effect. These modulators
must be taken into account in studies of edge effects on ecological interac-
tions or patterns of diversity. Studies documenting the edge effects of veg-
etation structure and composition in the same study sites indicate that the
responses are modulated by the unique responses of particular species and
landscape contexts. This makes it necessary to explicitly incorporate a land-
scape approach in the study of edges in order to integrate matrix compo-
sition and structure and measurable attributes of edges, length, width and
connectivity into model building exercises. Particularly important in future
studies is to assess the additive effects of humans on edges through the col-
lection of timber and firewood, livestock trampling and grazing, and direct
interference with the biotic interactions through hunting and increased pre-
dation by domestic animals.
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Case Studies

Box 4.1. Seed dispersal and avian species richness in riparian vegetation
edges (R. Jafia, S. Reid, J. Cuevas and J.J. Armesto)

This study compared avian species diversity and seed rain of eshy-fruited tree
species in riparian and upland forests in a rural landscape of northern Chiloé
Island (42° S), southern Chile. Riparian vegetation strips are relevant for the
conservation of biodiversity in this and other rural landscapes, as forests are
converted to pastures or crops, or become highly degraded by logging and  re.
We expected riparian forest habitats to function in a similar way as forest edges,

supporting a higher diversity of bird and plant species owing to a more hetero-

geneous seed rain and colonization from the surrounding matrix. Our study was
conducted in two sites (landscape units, LU) in a rural mosaic of pastures and
forest patches in northern Chiloé Island. In each LU (c.50ha) we distinguished
three habitats: riparian forest strips, edges of upland forest fragments and inte-

rior of upland forest fragments. In each habitat and LU we measured: (i) seed
rain of eshy fruits falling in 21 seed traps (30cm diameter, 1 m above ground)
evenly distributed along 500m transects; (ii) bird species richness and abun-
dance through monthly point censuses along the same transects; and (iii) tree
species richness in a 2-m radius circle around each seed trap. Seeds (>3 mm)
retrieved bi-weekly from seed traps were counted and identi ed to species dur-
ing the entire fruiting period (December—April). All statistical comparisons among
habitats were made using two-sample permutation tests based on 10,000 itera-

tions. The two LUs were not exact replicates and differed in some attributes. In

one landscape (LU1), seed rain of bird-dispersed propagules was signi cantly
higher by two orders of magnitude in the riparian forest strip than in the edge

or interior of upland forests (Fig. 4.1). In the second landscape, however, there
was only a marginally signi cant difference in total seed rain between habitats,
and the tendency was the same as in LU1. The deposition of entire fruits (fallen
by gravity) did not differ between forest edges and interior, but it was again

signi cantly higher in riparian forests for LU1. Bird-dispersed seed rain was
signi cantly higher than gravity seed rain in the three habitats. No signi cant
differences were detected in avian species richness or abundance (frugivorous
species only) among habitats. Consequently differences in seed deposition
patterns can be attributed primarily to differences in tree species composi-

tion, fruit productivity and forest structure among habitats within landscapes.

Box 4.2. Edge effect and insect folivory on Quercus xalapensis seedlings in
two cloud two forest fragments in central Veracruz, Mexico (J.A. Reynoso-
Moran and G. Williams-Linera)

Two tropical cloud forest fragments in Veracruz, Mexico were selected to
experimentally contrast insect herbivory on Quercus xalapensis seedlings. In
each forest edge, four sets of ve seedlings were planted along four parallel
bands located at the forest interior, forest and eld edges, and old- eld. The

Continued
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Box 4.5. Continued

habitats revealed two statistically different epiphyte assemblages; one formed by
old-growth forest species and a second one grouping mid-successional and edge
species. Using a discriminant function analysis to determine whether forest habi-
tats differed in their species composition and total epiphyte cover produced two
functions. The first canonical function separated forest edge from old-growth forest
samples, and the second canonical function separated mid-successional samples
from the other two habitats. Most important distinctive taxa were Hymenophyllaceae
ferns as different species characterized each habitat type. Hymenophyllum plica-
tum, Serpyllopsis caespitosa and H. dentatum were most important on Nothofagus
trees located at forest edges, while H. plicatum occurred mainly on trees in mid-
successional forest. H. dicranotrichum and Hymenoglossum cruentum were largely
restricted to trees in old-growth forests. Accordingly, the composition of vascular
epiphyte communities was strongly affected by forest structure, through micro-
habitat conditions independent of the host tree species, and these effects should
be considered when managing forests to protect biodiversity.

Box 4.6. The diversity of bryophyte species associated with rural landscapes
in northern Chiloé Island (J. Larrain and J.J. Armesto)

We characterized the patterns of species richness of mosses in the rural land-
scape of northern Chiloé Island (42° 30" S). We compared moss species assem-
blages among four common habitats in this human-dominated environment: an
abandoned anthropogenic prairie (previously grazed), a secondary shrubland
(originated after slash-and-burn), a secondary forest edge (a roughly even age
structure, 30-50 years old trees) and an old-growth forest patch (with uneven age
structure and complex vertical layering) .The secondary forest habitat occurred
along the edge of the old-growth forest and for comparison purposes is consid-
ered the forest edge adjacent to an open pasture. In artificial prairies, shrublands
and forests, we recorded all the mosses present in the soil within 20 sampling
quadrats of 50 x 50cm, located at random distances along a linear transect cross-
ing the habitat patch along its longest axis. In addition, to characterize epiphytic
species in shrublands, we randomly selected 20 shrubs (<1.5m tall), recording all
mosses present in stems and branches of each sample shrub. In second-growth
forest edges and in old-growth forests, we sampled the moss species occurring
on the bark of the trunks of 20 randomly selected trees (>10cm diameter at breast
height, dbh), from the base of the main trunk up to a height of 2m. We were unable
to record canopy mosses in either second-growth or old-growth forests because
of the height of tree crowns (>15-20m) and as a consequence forest epiphyte
diversity is underestimated. Old-growth forest habitats accumulated 59% of the
total number of species of mosses recorded in all habitats in the study area. From
the old-growth moss species, 30.4% were restricted to the old-growth habitat and
therefore absent from forest edges and shrublands. The most common and habi-
tat-restricted moss species found in old-growth forests were endemic to South
American temperate rainforests. Although some moss taxa are yet to be identified
to species, these patterns are unlikely to change significantly. Secondary forest
edge species contained a subset of those species found in old-growth habitats.
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Box 4.7. Fragmentation effects on small mammal communities in remnants of
cloud forest in central Veracruz, Mexico (I. Ruan-Tejeda and R.H. Manson)

Habitat fragmentation is an increasingly prevalent problem affecting both tropi-
cal and subtropical forests. Habitat loss, isolation, smaller sized remnants and
increased edge often combine to affect microclimate and ecological processes,
through which wildlife is also affected. In central Veracruz, tropical montane
cloud forests are rapidly being replaced and fragmented by urban expansion
and land conversion for economic gain via coffee, cattle ranching, or sugar cane
and other crops.

Using a well-known indicator group, this research sought to evaluate the
effects of fragmentation on the distribution, abundance and richness of small
mammals inhabiting cloud forest remnants in central Veracruz. Three main
objectives of this research included: (i) determining the degree to which the spe-
cies of small mammals in cloud forest fragments are interior forest specialists,
generalists or prefer edge habitat; (ii) comparing the richness and diversity of
small mammal communities inhabiting cloud forest fragments of different sizes;
and (c) estimating how edge effects for small mammals change as a function of
cloud forest fragment shape, disturbance and isolation.

Eight cloud forest remnants in the centre of Veracruz were selected for sam-
pling of small mammals, including four with hard edges delineated by cattle
pastures and four with soft edges characterized by old-fields with secondary
vegetation at least 1m high. Two 3-day trapping sessions were conducted at
each site using an array of 80 Sherman live-traps distributed in a rectangular 8
x 10 grid with 8m between traps. The long axis of this grid extended towards
the forest interior from each edge under study and was oriented perpendicular
to the forest edge in areas where the last trap row did not reach the centre
of the fragment. All small mammals captured were identified to species, mea-
sured, weighed, sexed and then marked with a small numbered eartag prior to
release at the point of capture. In addition, the size, form and degree of isolation
of each fragment were calculated using a combination of field measurements
and the program ArcView 3.2. A disturbance index was also calculated for all
fragments using information about the presence of hunters, trails, trash, cattle,
wood extraction and active stewardship of owners.

A total of 694 captures of 325 individuals from nine species (31% of the
29 species registered historically in the region) were registered with a capture
success of 18%. These species include Oryzomys alfaroi, Oligoryzomys fulves-
cens, Peromyscus furvus, P. aztecus, P. leucopus, Reithrodontomys fulvescens,
R. mexicanus, Microtus quasiater and Cryptotis mexicana. O. alfaroi, O. fulve-
scens and P. furvus were captured more frequently in trap-rows farther from
the forest edge, suggesting a preference for forest interior habitat. In contrast,
P. leucopus and R. fulvescens were captured most frequently in traps located
near the forest border, suggesting a preference for edge or open habitats. M.
quasiater and C. mexicana were also captured in traps adjacent to the forest
edge, although the small number of individuals captured precluded a statistical
test of this pattern. P. aztecus and R. mexicanus showed no significant changes
in abundance or activity with distance from the forest edge and therefore may
be habitat generalists. These patterns were consistent irrespective of edge type
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