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forest region of Los Tuxtlas, Mexico

Aleiandro Estrada, Rosamond Coates-Estrada and Dennig Merit‘t, Ir \

i

Estrada A., and Coates-Estrada, R. and Merit, Jr,, . 1994, Non flying mammals and
landscape changes in the tropical rain forest region of Los Tuxtlas, Mexico, - Eco-
graphy 17: 229241,

The rapid and extensive conversion of Neotropical rain forests 1o a landscape consist-
ing of pasture lands and other agricultura] habitats hus meant the local disuppearance,
Fragmentation and isolation of vertebrate populations. To avoid further losses in
biodiversity in Neotropical rain forests, it is inperative to determine how the different
species that constitate the different vertebrate communities have responded to the
anthropogenic alterations of their natara] habitats. To provide data in this direction, we
sampled non flying mammals in 35 forest fragments, 1n six disturbed forest sites, in 12
regencrating forests, in 20 arboreat agricuitural habitats (cacao, coffee, mixed, citrus
and ajispice). in four Hve fence sites and in four pasture sites at Los Tuxtlas, Veracruz,
Mexico. Sampling indicated that area of forest fragmenis and isolating distance were
important variables influencing species richness. Disturbed forest had fewer species
and individuals present and suppored a lower non flying mammal biomass than
undisturbed and regencrating forests. Shaded plantations {cacao. coffee and mixed)
were richer in species and in individuals than unshaded ones (citrus, allspice). Species
richness in forests and agricultural habitats were associated to horizontal plant diversity
and vertical foliage diversity. Pasture habitats were the poorest man-made habitats in
non flying mamimnal species. Live fences supported a higher biomass and species of pon
flying mammals than pastures and were similar to forest and shaded man-made habitats
in species assembiages. -

A. Esireda and R. Coatss-Estrada, Estacién de Biologia “Los Tuxtlas”, Inst de
Biologia — UNAM, Apdo postal 176, San Andrés Tuxtla, Veracruz, México, — D, Merint,
Jr., Lincoln Park Zoo, 2200 North Cannon Dr., Chicago. 1L, USA.

ica {see Lovejoy et al. 1984, 1986} and more recently for

Introduction

The rapid and extensive conversion of Neotropical rain
forests to a landscape consisting of pasture lands and
other agricultural habitats has meant the local disappear-
ance, fragmentation and isolation of vertebmie popula-
tions. To avoid further losses in mammalian biodiversity
in Neotropical rain forests, it is imperative to determine
which mammal species have survived the fragmentation
and isolaton of their tropical rain forest habitat and how
they are responding to the environmental change. Reports
exist onfy for a few localities in Centra! and South Amer-
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Mexico (Bstrada et al. 1993a).

Such information is fundamental (o determine what
remains of the original biological diversity, as repre-
sented by particular animal taxa, and to assess the adap-
tive responses of animals to tropical rain forest frag-
mentation and replacement by agricultural vegetation
(Saunders et al. 1991, Terborgh 1992). These data may be
usefu! in designing conservation scenarios for wildlife
involving different sets of species under different types of
fand management systems. As a necessary corollary o
this, we also need basic information on the Hitle known
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Fig. 1. Northeastern section of the region of Los Taxtlas in
southern, Veracmiz, Mexico. Lowland rain forest remainiag
shown as dispersed fragments, The area was divided into four
zones following loangitude and latwde {95°T0'W, 18°30'N).
Study sites (forests, agriculural habitats and live fesces) focated
in zones 11 and IV. Map drawn from sateilite fmages taken in
April 1990, | = San Martin Volcano (1600 m), 2 = Lake Sonte-
comapan, 3 = Gulf of Mexico, 4 = Lake Catemaco.

patterns of species composition and distribution for dif-
ferent animal communities in various localities in the
neotropics.

In the region of Los Tuxtlas, in southern Veracruz,
Mexico, lowland tropical rain forests reach their north-
eramost distribution in the American continent and are
notable for their high biological diversity (Pennington
and Sarukban 1968, Estrada et al. 1985, Dirzo and Garcia
1992). However, land management practices have con-
vested 80-90% of these forests to pastures for cattle
ranching. The remaining forests in the landscape consist
of collections of fragments of various sizes and with
different histories of isolation scattered throughout the
region (Estrada and Coates-Estrada 1988}, Within this
coutext, agricultural activities occur sporadically in time
and space in a “sea” of pastureland and occupy only
. 3% of the land. These consist of cultivation of arboreal
plants such as citrus Citrus sinensis, Rutaceae, allspice
Pintienta dioica, Mystaceae, and cacao Theobroma ca-
cao, Sterculiaceae. Farmers cultivate coffee Coffea ara-
bica, Rubiaceae as a single crop. Less common 15 the
cultivation of plots of mixed crops that include coffee,
cacao, citrus, and banana Musa spp., Musasea. Rain for-
est trees left by farmers provide shade in the case of
cacao, coffee and mixed plantations.

{1 is a common practice among farmers and ranchers of
L.os Tuxtlas as elsewhere in the lowland wet Neotropics
to use live posts of Bursera simarubn (Buricraceas) and
Gliricidia sepiam (Leguminosae)} to hold barbed wire
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~ patches, and {c} the ¥onversion o

fences to divide the pasture land into smaller plots, 1o
delimit the boundaries of their properties, and, in some
cases, 10 rotate their cattle from one pasture plof to anoth-
er. Because these posts grow rapidly in height and trunk
width and produce moderately foliated crowns, some.
single rows of these live fences resemble corridors of
vegetation criss-crossing the pasture Jands,

This paper presents information on how the non flying
members of the mammalian community are responding
to {a} biogeographical aspects of forest fragmentation
{e.g., size and isolating age and distance of forest
paiches), (b} the continued deteriomption of isolated forest

:a‘omst to pastares and
to other agricultural habitats at Los Tuxtlas in southern
Veracruz, Mexico.

To achieve this, we examined field data on relative
abundance and detection rates of mammal species present
in isolated rain forest fragments, in disturbed and regen-
erating forest habitats, in man-made vegelation islands
representing five types of agricultural vegesation, in live
fences and in pastures. The data presented are a compie-
ment to information published on the flying mammals of
this animal comumunity and on the frugivore guilds of the
avian and mammalian communities (Esirada et al
1993a, b).

Methods

We conducted field work in the northeastern area of the
region of Los Tuxtlas {(953°00°'W, 18°25'N: max. 1660 m

Tabie 1. Non fiying mammat species and individuals censused at
the habitats mvestigated. Numbers between parentheses are spe-
cies and individual mean (+ 3D} detection rates per site in ¢ach
habitat. '

Habitat Sites Species N Mear + SD
Biomass kg
Forest* 35 38 E518 3298
(10.8+6.8)  (44.7£353) (89.0+215.0)
Cacao 4 16 144 277
(5.0+0.81) (36.0x19.2) (17.0+ 260)
Coffee 4 B3 106 308
(4512 {26.5x14.4) (24.0+ 3640)
Mixed 4 13 145 427
#0081 (3621190 (33.04 49
Citrus 4 8 38 49
(202081  (9.524.5) {6.0+5.0)
Alspice 4 7 42 59
0211} 105+ 38} (80480)
Livefence 4 13 83 123
@oxl8)  (Q02: 68) (I20+12.0)
Pastare 4 4 93 57
{Z040.81)  (23.2% 38 (1441200
Total 63 39 2169

* Forest size classes: <2000 ha N =3, <1000 haN = 3, <800 ha
N=3,600haN=3<400haN=3, <20haN=3 <00 ha
Ned «<50haN=23,<20haN=z,<i0haN=3 <5ha
N3 b ha N=2
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&.5.1.) in southern Veracruz, Mexico (Fig. 1), Mean an-
nual temperature is 27°C and mean annual precipitation
is 4964 mm (5D + 862 N = 20 yr} with a seasonal
distribution (Estrada et al. 1985). Non flying mammals
were censused between 1990-1992 in 35 undisturbed
forest fragments {isclated forest sites withoul apparent
further human intervention), in six disturbed forest frag-
ments (strong edge effect, hunting and selective removal
of hardwoods, firewood and other), in six old second
growths {regenerating forests 20-35 yr old) and in six
young second growths {315 yr). In addition, non flying
maminals were censused in 20 agricuftural habitats, in
four Hve fences and in four pastures.

We selected the study sites in two zones within the
study area to have some conirol over spatial variation in
distribution of the organisms under investigation (Fig. 1).
Sites ranged in elevation from sea level to ¢, 800 m. The
35 undisturbed forest fragments studied varied in isolat-
ing distance {distance to edge of the nearest forest frag-
ment: 0.2-8.0 km). Area of forest fragments, obtained by
digitizing aerial photos and by corroboration in the field,
ranged from 1 to >2000 ha (Table 1).

At each site we estimated time (years) since isolation
¢isolatien = complete separation of forest from major
forested land mass) by examining vegetation maps for the
period before 1967, aerial photographs taken in 1967 and
1979, satellite images taken in 1986 and 1990 and by
field surveys. Isolating age ranged from 5 to 35 yr. Six
undisturbed forests fragments selected at random from
. our data base were compared to the six disturbed forest
habitats and fo the six young and six second growth
habitats in species richness and composition.

We sampled non flying mammals in four replicates of
each of the following arboreal and perennial agriculiral
habitats: cacao, coffee, mixed crops, citrus, and allspice.
Talk (> 15 m} rain forest trees left by the farmers provided
shade in the case of cacao, coffee, and mixed plantations.
The agricultura] plots ranged in size from 2-10 ha and
ranged in age from 12-15 yr, all habitats were fruit
productive. Seaight line distance to the nearest forest
fragment regardless of size ranged from 200 to 600G m;
distance to the nearest plantation ranged from 206 to
1000 m.

We also censused non flying mammals in four Hve
fence sites ¢. 2 kan long each located across the pasture
land and in the vicinity of the forest and agricultural
habitats studied; each of these sites was at least 5 km
away from the others. We surveyed the non flying mam.
mals in four areas of pastire, 25 ha each, totally devoid of
the original forest vegetation and at feast 5 km apan from
each other, but within 2 5 km radius of the forest sites we
studied. In the pastares, we located the sampling area in
the center of each of the 25 ha pasiure plots.

We conducted visual census of non flying mammals
along existing trails or along trails demarcated by us with
a cotton thread, These trails were walked at a slow pace ¢.
2 km and both sides of trail were scanned visnally.
Leagth of census trails at each site was 400 m for forest
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paiches <50 ha, 600 m for patches < 100 ha, 800 m for
patches <200 ha, 1006 m for patches $400 ha, 1500 m
for patches <800 ha, 2000 m for patches <1000 ha,
2500 m for patches 52000 ha.

Census routes were chosen to minimize tratl overlap
within and hetween days and nights and thus the prob-
ability of viewing the same individual more than once.
The census trails were at least 10 m from the edge of the
vegetation patch under investigation. We recorded the
number of individuals of each species detected. We con-
duocted the censuses between 0600 h and 1200 b and
between 1600 h 1800 h and between 1900 h and
2400 h, We ysed afipight, in addition to flash lights, a
night vision scope (Javelin Electronics, model 221) to
minimize disturbance to detected animals in the nocturnal
censuses. On most cases 2-3 people watked together with
cither of the two senior authors,

To sample terrestrial species with relatively small
home ranges (most rodents <200 g) and medium size
species that are cryptic in their behavior and thus difficult
to detect by visual means, we set up at each site 50
wire-mesh cage traps (size ranged from 48 x 17 x 17 em
o 66 x 24 x 24 cm, Tomahawk Live Trap Co.; 25 baited
with sardines and 25 baited with fruits and vegetables)
and 260 Sherman traps (23 x 8 x 8 cm) baited with oats,
peanut butter and vanilla along 4 parallel Hnes; distance
between Hoes was 2025 m. '

We placed Sherman traps in pairs at 3 m intervals and
single Tomahawk traps at 3 m intervals. Trap lines were
at least 10 m from the site’s borders. At the live fence
sites, we formed three trap Hnes scparated from each
other by 50 m and running paraliel to the barbed wire
fence. We operated traps at all sites for two consecutive
nights {dusk to 2300-2400 h) and for two consecutive
afternoons (1600 b 1o dusk). We recorded the species
detected, its body weight and when possible its sex and
age before reledsing each mammal. The aumber of traps
was constant across all sites because we wanted 10 maxi-
mize the number of animals detected by this means.
Preliminary probes in 10 sites with nember of traps kept
constant showed that our wapping success was
¢. 16-20%. Varying the number of traps per area of forest
sites showed that in the smaller sites trapping success was
nil, but that increasing the number of traps resulted in
detections of animals. Detection success was found to
reach an asymptote with the use of 4050 maps.

To ceutrol for seasonal variations in the presence and
activity of mammals, surveys in the man-made habitats
included eight samples per habitat under investigation,
two in each quarter of the year (8 x 28 = 224 samples). In
forest sites, samples took place in each site in each bi-
monthly period of the year (4 x 53 sites = 212 samples).

While the use of trail censuses and traps are comple-
mentary methods, they have certain biases, With the
traps, we only sampled one level of the habitats studied
during the day and night and species of pon flying mam-
mals may be canght unequally by traps. However, this is
the only way to assess the presence of small terrestrial
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Fig. 2. Dominance diversity curve for the non flying mammal
community detected. Note the asymmetry of the curve and the
relatively high dominance of first five species.

andfor cryptic mammals, With trail censuses, one runs the
risk of counting very mobile and active mammals more
than once. Bearing these considerations in mind and our
efforts 1o minimize these biases, the reported data may
represent a biased portrait of the mammal community
present in the region. Taxonomic nomenclature for mam-
mals followed Hall {1981). We obtained measurements of
body weights from our own field records and from the
Hteranre (Emmons 1990).

To census the vegetation we recorded, at each site, in
six 10 x 10 m plots, all trees = 10 cm in circumference at
breast level and = 1.5 m in height. We located the plots
randomly within the area where we sampled the mam-
mals; the plots were at least 30-40 m from each other.
We recorded for cach tree censused, the species ({axo-
nomic romenclature for plants follows Tharra and Sinaca
1987), maximum height and circumference.

We measured vertical foliage density at four randomly
selected spots within each of the six plots by scoring
vegetation intercepts along a vertical pole at the follow-
g iotervals: 005 m, 0.51-1.0m, L2 m, 2.3-3 m,
3.1-5 m, 5.1-8 m, 8§.1-10 m, 10.1-15 m, > 15 m. In this
{ater case we expressed intercepts at each height interval
as the proportion of total intercepts recorded per site/
habitat. We expressed horizontal plant diversity per hab-
itat as the mean number of tree species censused per
site/habitat and vertical foliage diversity using the Shan-
non-Weaver information index (H') {(Ludwig and Rey-
nolds 1988).

Because mammals were censused using two different
inethods (traps and visual census), we compared data
across vegetation types using proportions and mean de-
tection rates of species and individuals per site in each
habitat (site/habitat from here on). We used rarefaction as
an aliernative to species richness indices to compare
species richness among habitats where sample sizes dif.
fered (James and Rathburn 1981). We used the dissimi-
larity index (PD) and the polar ordination procedures of
Bray-Curniis (Ludwig and Reynolds 1988) 1o measure the
degree of resemblance when comparing forests and man-
made habitats in species assemblages. We used Spearman
rank correlation, partial correlation analysis and *Y” tests
for dependent samples when comparing variables and
means between groups (Ludwig and Reynolds 1938,
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Fich 1992). We present means {x SD) throughout the
text.

We did not consider in our study the aquatic mammal
Trichechus manatus {Trichechidae) becanse our surveys
were mainly terrestrial (but see Coates-Estrada and Es-
trada 1986). Likewise, we ignored in our comparison two
introduced rodents, Mus muscalus and Rattus rattus, as
well as the coyete, Canis latrans. We never encountered
the introduced rodents, but they are common in hurmnan
setttements, The coyote has recently expanded its range
into Los Tuxtlas as a result of tropical rain forest con-
version to pasturelands. We obgerved this mammal at the
forest edges, but mever ip the fikest interior. We refer, for
the sake of economy, 1o non fiying mammals as NFM in
the rest of the paper.

Resuits
General aspects

In our sample of 35 undisturbed forest fragments and the
agricultural habitats including pastures, we censused
2169 NFM of 39 species. Five species accounted for 66%
of all records (Didelphis marsupialis, Peromyscus mex-
icanus, Alouanta palliate, Philander opossum, Sciurus
aureogaster}, but 7% contributed to < 5% of the records
(Fig. 2 and Appendix 1). Sherman traps captured ali
murid and heteromid rodents recorded (7 species, 552
individuals) and Tomahawk traps captured only three
marsupials, D. marsupialis, Didelphis virginiana and
P. opossum. Traps recorded 84% of the individuals cen-
sused of these three species (N = 626),

Non flying mammal species in undisturbed
forest fragments

In these habitats we censused 1518 NFM representing 38
species. Of these, species such as P, mexicanus, A. palli-
ata, D. marsupialis and P. opossum accounted for 50%
of the records. The rest of the species contributed to 1%
or less of detections (Appendix 1). Because the comu-
lative species curve In the forest sites tended to level off
after the accumulation of > 2000 ha, we fecl our sample
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Fig. 3. Cumulative number of non flying mammal species de-
tected and curnulative area sampled in forest fragments.
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Fig. 4. Relationship between non flying mammal species rech-
ness and individuals censused and isolating distance of forest
fragments.

provides a reasonably good representation of the species
present in the forest remnants studied (Fig. 3). The mean
number of species detected per site was 10.8 (SD £ 6.8)
and mean number of individuals censused per site was
44.7 (8D + 35.3) (Table 1), On average, forest sites had
25% of the species in common.

Area, age and isolating distance of undisturbed
forest fragments and species richness

Species richness and area of forest fragments were related
{r, = G.83, p <Q.001), but species richness and number of
individuals censused per site were not found associated to
isolating age of forest fragments {r, = -0.12, p=0.25; 5, =
—0.20, p = 0.12). However, a significant nepative rela-
tionship existed between site species richness and isclat-
ing distance of forest fragments {1, = ~0.77, p<0.02) and
between this latger varable and number of individuals
censused per site {1, = ~0.50, p <0.02} (Fig. 4}

Partial correlation analysis showed that when the influ-
ences of area and isolating distance were partialied out,
species richness was best comelated with isolating dis-
tance {area partiailed out r = —0.60, p<0.001, isolating
distance partialled out r = 0.37, p = 0.01). An examina-
tion of new species accamulated in our sample and cumu-
lative area (ha), showed that ¢. 45% of the species were
present in small forest patches 5200 ha, 60%. were pre-
sent in fragments 5250 ha, and 80% in fragments $650

ECOGRAPHY 17.3 (194)

Table 2. Species and individual detection rates in four types of
forest habitat. Numbers between parentheses refer to number of
sites sampled per habitat and distance to the edge of the nearest
undisturhed forest site.

Habita! Mean (2582}  Mean (£5D)
mumber of tunber of
species per  mammals per
site/habitat stte/habitat

Undisturbed (N = 6) 141433 37.626. 1

Distorbed

IN=6; 350 mx 0.0 m) 6.7+3.4 156537

Old growth

N=6; M0 mag LI m) 5.3x1.3 14.6+2.3
Yobng growth
{(N=6; 380 m27.3 m) 4.8£8.7 13.0+3.9

Comparison species: Uf-Df ¢ = 36, p = 0.0}, UfYg t = 54,
p=0003 Uk0gt =53, p= 0003, DEYg t = 1.2, p = (5.26;
DOzt = 1.08, p= 0.32; Yg-Og1 =05, p =038

Comparison individuals; U-Df « = 157, p = 0001 UiYg
£ 205, p= Q0000 Uf-Og =171, p= 00001, DH-Yg1 = 4.4,
p=0007. DEOpt=tlp=03 YgOgt =13 p=024

ha; we detected the rest of the species in forest fragments
2700 ha in size (Fig. 3). In this later case were large
bodied species that require large areas and found in forest
habitats only such as Tayasu rajecu, Ateles geoffroyii,
Eira barbara, Felis concelor and Agouwti paca among
others (Appendix 1)

Species richness in undisturbed forests,
disturbed forests and in second growth
habitats -

We detected a significantly higher mean number of NFM
species and individuals censused per site in undisturbed
than in disturbed forests (Table 2). Undisturbed forests
were richer in species and individuals than young and old
second growth habitats. Young and old second growths
did net differ in the mean number of species detected per
site or in the mean number of individuals censused per
site (Table 2). Data also showed that of the 30 species
detected in undisturbed forests, only 14 (46%) were pre-
sent in $hdisturbed forests, 11 (36%) in old second

Table 3. Species richness in equivalent ares of pastures and
forests. Shown also is the species richness detected in 100 ha of
agricuhtural habitats, in | ha forest patch and in 1.5 ha of live
fences.

Habitat Number of Number of
species  mammals
Pastures 100 ba {4 sites) 4 93
Forests HOO ha (4 sites) 6 175
Forest | ha (1 site} g 4
Agricuitural habitats 100 ha (20 sites) 17 475
Live fence (8 km, 1.5 ha) 4 sites HH 81
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included in the sample. Comparisons can be made of the ex-
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growths and eight (26%) in young second growth hab-
itats,

The majority of the species missing from the disturbed
forests and second growth habitats were arboreal mam-
mals such as A, pafliata, A. geaffroyii, T. mexicana, and
C. mexicanus, carmnivores such as £ pardalis, F. weidii,
and F c¢oncolor and other large mammals such as
M. americana and T. 1ajacu among others (Appendix 2).
The total NFM biomass detected at disturbed forests was
only ¢. 50% of the NFM biomass detected in undisturbed
forest habitats, confirming the loss of mediwm and large
size marnmals. Regenerating forests accumulated < 15%
of the biomass present in undisturbed forests suggesting
the colonization of these forests by small size species
{Appendix 2).

Non Hying mammal species richness in
pastures

Cur surveys in four pasture sites totalling 100 ha resuited
in the census of 93 NFM of only four species. One
species {Sigmodon hispidus) accounted for 9% of the
records. The other species were D marsupialis, D. vir-
giniana and P. opossum (Appendix 1). Mean detection
rates of NFM species in pastures were among the lowest
{X = 2.0 + 0.8 species per site; Table 1).

Non flying mammals in agricultural habitats

We censused at these habitats 649 NFM of 17 species.
Five species numerically dominated (230 individuals
each) the sample accounting for 60% of the records.
Among such species were habitat generalists such as
D. marsupiafis, £, opossum and Orthogeomys hispidus,
and forest dwellers such as Alouatia palliata and Sciurus
aureogaster {Appendix). Mean number of NFM species
detected per site/habitat ranged from 8.0 (mixed) to 3.5
(cacao) and the mean number of individuals censused per
sitefhabitat ranged from 9.5 {citrus) to 36.2 (mixed)
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{Table 1}. These habitats had, on average, 59% of the
species in common (Appendix §).

Shaded man-made habitats {cacao, coffec and mixed
plantations) accumulated 17 species of NFM. Usnshaded
habitats {citrus and allspice) accumulated only eight spe-
cies. These fwo habitats only had seven species in com-
mon. Arboreal mammals sach as A. palliata, B sum-
ichrassi and F. flavas were a predominant component
among the NFM detected in shaded habitats (Appendix
1). We found significant differences between shaded and
unshaded habitats in mean number of species detected per
site/habitat (shaded X = 5.8 range 3-9. unshaded X = 3.6
range 3-4; ¢ = 2,34, p=0.05) and i} the mean number of
individuals censused per site/habitat (shaded X = 197
range 2-72, unshaded X = 4.0 range 3-19:t=4.1, p =
0.001). :

Mixed plantations differed from the other shaded hab-
itats {cacao and coffee) in the mean (£ SD) number of
species detected per site {mixed X = 8.0 £ 0.82 vs cacao
X =502082 =36, p=003 mixed vs coffee X = 4.5
= 1.2; t = 4.04; p = 0.02), but did not differ in the mean
number of individuals detected per site (mixed X =362 2
19.2 vs cacao X = 36.0 £ 19.2; t = 0.02, p = 0.98; mixed
vs coffee X = 26.5 £ 14.4; t = 0.69, p =0.53) {Appendix
I}

Non fiying mammals in live fences

We censused 83 NFM of 11 species in these habitats.
Species detected at these habitats represented 53% of the
species detected at the rman-made habitats only, exciud-
ing pastures. Mean number of species detected per site
was 8.0 {range 6~10} and mean nomber of mdividuals
censused per site was 20.2 {range 14-28) (Table 1, Ap-
pendix 1). Species such as S, aureogaster, D. marsupia-
fis, B mexicanus, P. opossum, D. virginiana and C. mex-
icanus accounted for 85% of the records in these habitats
{Appendix 1).

Vegetation types used by non flying mammal
species

We recorded 49% of the species in our sample in both
forests and in non forest habitats and 51% in forest
habitats only (Appendix 1). Only three species (D. mar-
supialis, P. opossum and D, virginiana) were present in
both forest habitats and in the seven man-made vegeta-
tion habitats studied, 14% were present in 67 man-made
habitats in addition to the forests and 30% were present in
forests and in 25 agriculwral habitats (Appendix I}.
We found no correlation between the number of vege-
tations types in which a species cccurred and the species’
mean body mass {r, = —0.19, p = 0.11), but an association
existed between the number of habitats in which a species
was present at and the rank order of individuals censused
per species (¢, = 0.83, p< 0.01). This iater variable was
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Note the similadty to forest habitats in species asssemblages of
shaded man-made habitats {(cacao, coffee, mixed) and live
fences and the dissimilarity of pastures and veshaded man-made
habitats.

negatively correlated with the species mean body mass {r,
= -),33, p = 0.02), but partial correlation analysis showed
that when the influence of body mass and abundance rank
were partiatled out, only the latter variable was signif-
icantly correlated with the number of vegetation types in
which species were present (r,, = 0.66, p = 0.001).

Undisturbed forests and agricuaitural habitats

Rarefaction curves showed that pastures were the poorest
habitat in species. This analysis also showed that the most
diverse habitats were the forests followed by cacao, cof-
fee and mixed plantations and the live fences. Of ali the
arboreal agricultural habitats examined, citrus and all-
spice were the least diverse (Fig. 5). Polar erdination
showed that the mixed, cacao and coffee plantations and
live fences were the habitats most similar 1o forest frag-
ments in species assemblages. The least similar were
citrus and allspice. Pastures were the most dissimilar with
respect to the other habitats studied (Fig. 6}

An examination of the vegetation data showed that
horizontal diversity of the vegetation {(mean number of
tree species detected per site/habitat (MTSSH)) and fo-
liage vertical diversity (FH') were related (s = 097, p =
0.001). Forests and shaded crops were the most complex
habitats. Partia comelation analysis showed that when
the influence of MTSSH and FH™ were partialled out, the
mean nomber of NFM species detected per site in each
habitat and the mean number of individuals NFM per site
in each habitat were associated only to the horizonal
diversity of the vegetation {MNSSH r = 0.66, p = 0.03;
MNMSH r = 0.68, p = 0.03).

Non flying mammal biomass

We found a segative association between total NFM
biomass detected per site and area of forest fragments (r,
= ~.43, p = 0.005). Forest habitats had the highest mean
biomass detected per site among the habitats investigated
(forest = B9 kg man-made habitats = 6-33 kg (Table 1).
Partial correlation analysis showed that mean biomass
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per site in each habitat was best correlated with MNTSSH
{FH' r = 0.65, p = 0.04; MNTSSH r = 0.88, p = (.003).
The mixed, cacao and coffee plantations contributed to
T8% of the total biomass recorded at the man made
habitats; Hve fence habitats accounted for 10% and the
citrus and allspice plantations and pastures accounted for
£3% {Table 1). Shaded man-made habitats {cacao, coffee,
mixed) had a higher mean biomass per site than unshaded
habitats {citrus, alispice and pastures) (shaded X = 24.6 +
9.1, unshaded X =93 £ 4.1; t = 6.5, p = 0.02).

' ]
Piscussion

Our study showed that a rich pool of forest NFM species
still exists in the fragmented landscape of Los Tuxtlas
{c. T0% of the species historically reported; Coates-Es-
trada and Estrada 1986). The majority of the species,
however, were present in very iow numbers and their
répresentatives exist in isolated forest fragments scattered
in the landscape. In spite of our intensive and extensive
surveys we did not detect 11 NFM species expected to
appear in the forest fragments studied. These were small
maminals such as Cryplotis mexicana and C. parva {Sor-
icidae), Liomys pictus (Heteromyidae), Oryzomys fulves-
cens, Nyctonys sumichrasti, and Reithrodontomys fulves-
cens (Muridac). Some of these species are arboreal, very
cryptic and nocturnal, features that would make them
difficult to detect. It is possible that they were present in
some of the forest habitats we studied.

Other larger species are kiown (0 be locally extinct in
many parts of the region. In this case we have Cyclopes
didactyius (Myrmecophagidae),-Felis onca (Felidae), Ta-
pirus bairdii (Tapiridae), Tayassu pecari (Tayassuidae)
and Odocoileus  virginianus (Cervidae). While smail
(<200 ha) forest fragments studied harbored many mam-
mal species, ¢. 45% of the species detected were present
only in large tracts (=400 ha) of rain forest vegetation. In
this later case we detected large species such as Felis
concolor, F. pardalis, M. americana, Ateles geoffroyii
and medinm gize camnivores such as Eira barbara and F
ygouaroundi. The disappearance of some of these carni-
vores from the remaining forests, may have impostant
consequences in the overall structure and dynamics of the
mammalian community and the ecosystem {(Terborgh
1992).

In our study, disturbed forest sites were significantly
poorer in species and NFM biomass than undisturbed
sites, probably the result of continued human activity,
mainly hunting and removal of hardwoods and firewood.
In contrast to disturbed forest sites, regenerating forests
contained significant numbers of mammals, with older
regencrating forests supporting more NFM species and
biomass. '

Proximity of regenerating forests to undisturbed forest
fragments, the complexity of the vegetation along vertical
and horizontal dimensions as well as the presence of
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many fruiting tree species {e.g. Cecropia obtusifolia, Fi-
cus spp., Bursera simaruba, Spondias mombin, Stemma-
denia donnell-smithiiy coupled with the presence of a
diverse fauna of insects and smal veriebrates (birds,
flying mammals, small reptiles and amphibians) at these
habitats (Estrada et al. 1993a,b, Estrada and Coates-
Estrada pers. obs.) means the existence of protective
cover, polential resting and nesting sites and food re-
sources for NFM visiting and establishing residency in
these sites. The potential connection provided by live
fences could enhance colonization of these habitats by
NFM.

The almost total absence of forest NFM in pastures
suggests that these are upsuitable habitats for them. Even
species such as I marsupialis, P, virginiana and
F. opossum that numericaliy dominated the total sample
and were present in all habitats studied had higher detec-
tion rates in the forest and in the arboreal man-made
habitats than in pastures. Lack of food resources, the
extreme climatic conditions of pastures and the greater
exposure to predators in these habitats would make them
inappropriate for continued mammal habitatior. We ob-
served raptors such as Buteo magnirostris, Falco sparve-
rius, F. peregrinus and Herpethotheres cachinnans and
dogs chasing and preyving on small NFM at the edge of
forest fragments suggesting that predation may be greater
at the edge of the forest patches.

Shaded agricultural habitats supported not only mere
species and individuals than unshaded habitass, but also
contained a higher biomass of NFM represented by large
arboreal mammals such as A. pelliota and P. flavus, ab-
sent in the unshaded habitats. The presence at these
habitats of tall rain forest trees of plant families such as
Moraceae (Ficus spp., Poulsenia armata, Brosimum al-
icastrumy), Fabaceae {(Pterocarpus rorhii, Lonchocerpus
guatemalensis), Sapotaceae (Manitkara zaporg, Pouteria
campechiana), Anacardiaceac {(Spondias radlioferi),
Lawraceae {(Nectandra ambigens, Ocotea spp.}, Annona-
ceae (Rollinia jimenezify among others permits the exist-
ence of a contiguous canopy cover for these mobile
NFM. Some of these tree species are also an important
source of leaves and of fruit for the monkeys and other
fruit-eating mammals (Bstrada 1984, Estrada and Coates-
Estrada 1986).

QOur data showed that isolating distance was a variable,
that in conjunction with loss of area of natural habitat,
influenced species richness and presence of NFM at the
forest fragments studied. While there is potential danger
of predation and higher ime and energy expenditure due
o exposure and the distances covered, NFM species
capable of reaching forest and man-made habitats cutside
of the patch in which they reside may encounter a greater
variety of habitats in which to find resources and meet
survival requirements.

We abserved troops of A palliaia visiting cacao, cof-
fee and mixed plantations by moving through the trees of
narrow strips of forest vegetation along strears and riv-
ers. In some instances, the troops shated their presence
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- with other troops at these plantations, We witnessed indi-

viduals of G. virarta moving on the ground through the
pasture into agricultural habitats such as the cacao planta-
tions and from here to nearby forest patches. We made
similar observations on §. aureogaster, P, lotor, N. nar-
ica, B. sumichrasti, P. flavus, D. marsupialis, D. virgin-
iuna and P. opossam. Since the farmers planted the trees
after clearing the forest in the case of the citrus and
ailspice plantations, we can asswme that all the NFM
detected in these habitats probably originated from
nearby forest fragments or from the pasture habitat (e. g.
8. hispidus). .

The conservation valye for hammals of arboreal agri-
cultural islands as stepping stones and as temporary ref-
uge habitats could be enhanced by the presence of live
fences. In our study 27% of the species detected in the
totai sample and 53% of those detected in the man-made
habitats were present at the Hve fence sites studied. The
hundreds or thousands of linear meters of vegetation in
the form of live fences across the landscape are available
to mamynals inhabiting the muany forest fragments in the
region. Some live fences end at the edge of forest patches
or inferconnect with the forest vegelation remaining
along streams and rivers, probably enhancing biotic con-
nectivity in the area. For example, our records for forest
mammals such as P mexicanus, B, sumnichrasti, P. flavus
and C. mexicanus are from those live fence sites that
ended at the edge of a forest patch,

The live feace trees (e.g. Bursera simaruba) also pro-
duce edible fruit, adding to the opportunities available to
NFM in a landscape where the forest is now a limited
resource. In those live fences where the vegetation has
been aliowed 1o regenerate under the trees, the presence
of high corcentrations of plant species-of the genera
Piper (Piperaceae) Solanum (Solanaceac), Cecropia, Si-
paruna (Mominaceae), Eugenia (Mynaceae), Psycotria
(Rubiaceae) and occasional strangler figs (Ficus spp.)
suggests the ocowrence of abundant food supphies (farge
numbers of fruits produced per plant 2nd year fong avaii-
ability}). These habitats may provide femporary suste-
nance not only for fruit-eating NFM, but also for those
that consume insects and small vertebrates but comple-
ment their diet with important amounts of frit. Allowing
the vegetation to grow under the posts and preserving old
five fences may be a favorable strategy to increase the
number of NFM species and individuals visiting these
sites.

Cur data indicated that NFM were present in habitars
other than forest patches, but the use of all the habitais
examined seemingly applies to only three species
{D. marsupialis, . virginiana and P. opossion}, the rest
are less resilient. This is consistent with the generalist
habitat and feeding preferences of these mammals
{Coates-Hstrada and Estrada 1986, Julien-Leferricre and
Atramentowicz 1990, Emmons 1990). These specics are
also characterized by having high reproductive rates, high
fecundity and rapid popudation tumover (Atramentowicz
1986). At the other extreme were 20 species {(e.g. Da-
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syprocta mexicana, Tamandua mexicana, Felis weidii)
that occurred in forest habitats only and that have low
reproductive rates, low fecundity and a slow population
turnover {Robinson and Redford 1986, Eisenberg 1989).

Thus, species with higher tolerance to habitat frag-
mentation and isolation will be those with Iarger intrinsic
pepulation densities, requiring small home ranges, with
generalized habitat requirements and with the ability to
move between forest fragments. It is not surprising then
that most of the species with high pumerical representa-
tion in our censuses {e.g. D marsupialis) were those
species that either have smail home ranges, are very
mobile, and that seem to have generalized feeding habits.
It is important (0 rote here that the mammals present in
unshaded man-made habitats were those with very gener-
alized habitat and feeding requirements {(Appendix I,
Coates-Estrada and Estrada 1986). Forest interior mam-
mals with more specialized habits such as P, mexicanus,
H. desmarestianus, B. sumichrasti and S, deppei (Em-
mons 1990} were present only in the shaded habitats.
Likewise, the exploitation of persistent resources in time
and space {(e.g. leaves, Estrada 1984) has allowed small
troops of A. palliata to continue surviving in isolated
forest fragments.

Hence, at Los Tuxtlas, we have a small number of
NEM species that seem to be able to occupy a variety of
man-made habitats. However, the proximity of these sites
1o forest fragments and whether they are shaded with rain
forest trees or not secems to influence the richness and
composition of the NFM fauna existing in these habitats,
For some of these species a variegated model rather than
a fragmentation model of land management may be more
adequate as a comservation approach at the landscape
fevel {McIniyre and Barrett 1992). At the other extreme
are about half of the species detected in our censuses.
These display intolerance and exist in a truly fragmented
landscape. For these, the conservation of the semaining
large tracts of forest is fundametal to ensure their contin-
ued existence.

In regions such as Los Tuxtlas where only ¢. 300 ki
remain of the original 2500 km? of wopical rain forest
vegetation and where these remnants oceur in the form of
isolated forest fragments {Estrada 1992), a landscape
arrangement in which agricultural parcels occupy some
of the pasture separating archipelagos of forest frag.
ments, including forests in process of regeneration, may
reduce isolating distances facilitating the flow of animals
through space. Such management of the Jand may pre-
serve selected species of forest mammals and may have
several important added benefits including retention of
soil and of soil fertility and preservation of water re-
sources {Gleissman et al. 1981).

The predominance of D. marsupialis, D. virginiana
and P, opossum in our surveys suggests that unless we act
promptly with alternative scenarios of land management
to stop rain forest destruction and to mitigate the effects
of habitat destruction, fragmentation and continued isola-
tion on the remaining NFM species, these three species
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will probably be the only components of the NFM com-
nmumsity in the landscape of Los Tuxtlas. These three
species are hardiy representatives of the once rich and
diverse non flying mammmal fauma of the northernmost
representation of the Amazon min forest in the American
continent,
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Appendix 1. Non flying mammal species and individuuls censused in forest and man-made habitats.

Species Forest - Cacao Coffee Mixed Citrus  All- - Live  Pas- Total  Average
spice  fence  ture mass g

MARSUPIAWA,

Didelphidae

Marmosa mexicand 6 6 95
{Mexican mouse OpOSsUm)

Didelphis virginiana 0 4 12 8 2 | 9 3 HE 3750
(Virginia oposam)

Didelphis marsupialis i83 8 16 48 6 i3 15 6 305 2000
fcommon opossum)

Phitander opossum 154 12 5 4 8 4 10 0 242 320
{common gray four-cyed opossum) . V. \

Caluromys dertianus 1 * S
{Centrat American woolly opossum)

PRIMATES

Cebidae

Allowate patliqa 183 6 20 25 244 6750
{mantled howier monkey)

Ateles geaffroyii 10 10 G000
{Central American spider monkey)

ﬁm'm

yrmecophagidae

Tamandua mexicana 2 2 5000
{norther tamandua)

Dasypodidae

Dasypus novemcinctus 20 7 5 9 3 2 3 49 500G
(nine-banded fong-nosed armadillo)

Le

Sylvitagus floridanus 2 2
{cotton-tailed rabbit)

Sybvilagus brasiliensis 4 4
(Brazilian rabbit) .

RODENTIA

Scinridae .

Sciurus aureogaster I6 i6 10 3 g 18 184 450
{red-bellied squirrel)

Sciurus deppei o8 2 108 213
{Dreppe’s squirred) -

Geomyidae
Orthogeomys hispidus 16 10 4 ? 5 5 57
(pocket gopher)
Heteromyidae
Heteromys desmarestionus 108 12 120 T3
{spiny pocket mice)
Muridac
Oryzomys palustris 26 6 65
(rice rats)
Oryzomys alfaroi 14 10 63
(rice ruts)
Tlomys nudicaudus 4 4 218
{naked-tailed climbing rats)
Feromyscus leucopus 2 2 18
fwhite-footed deer mouse)
Peromyscus mexicanus 262 16 5 .4 1} 302 560
{Mexican deer mouse)
Sigmodon hispidus 20 4 64 88 159
{cotton rat) ’
Erethizontidae
Coendou mexicanus 8 6 4 3560
(Mexican hairy porcuping)
cont,
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Appendix | {cont.)

Species ' Forest Cacao Coffee Mixed Citrus AH-  Live Pas-  Towa!  Average
spice  fence  turc Bss g

Dasyproctidae

Dasyprocia mexicana 14 4 3500
{Mexican black agouti)

Agouti pace & & 100
{pica)

CARNIVORA

Procyenidae

Bassariscus sumichrasti &0 12
{cacomistie)

Procyon lotor 1] 2
{northern racceon)

Nasua narica 24 5
(white-nosed coati}

Potas flavus 4 7
(kinkajou}

Mustelidae

Mustela frenata
{long-tailed weasel}

Eirg barbara

{1ayra}

Galictis vintata

(grison)

Conepatus semistriqiies
{striped hog-nosed skunk)
Lutra longicandis
{southern river otter)
Felidae

Felis concolor 35000
(pumia)

Felis wiedii 2 2 4000
{margay)

Felis yagouaroundi 10 1 5000
(jaguarendi)

Felis pardalis 4 4 00
{acelot) .

ARTIODACTYLA -

‘Taynesuidae N

Tavassu tajacyu 12 12 2200
(oollared peccary)

Cervidae

Mazama americanu [ 6 ES000
{red brocket deer)

S‘glbtmai 1518 144 H6 145 38 42 83 93 2169

3 3
No. of species 38 16 13 13 ] 7 i1t
% 97 41 33 332

2t 006
32 4000
9 2 43 3500

th W W 2N

I2 ' 4 24 150

4 3750
o 3000
2 ; 3 2 4 0 2500
4 4500

a0 W B
L TN )

[
Tt

39

& b




Appendix 2. Non flying mammal spec;es and individuals detected in distarbed and undisturbed forest habitats and in regenerating
forests (6 sits per habitat),

Species Undisturbed Pristurbed Oid Young
forest forest growth growth

Peromyscis mexicanis 44 7 29 27 20

Didelphis marsupialis 30 17 i6 17

Philander opossurm 33 18 10 i1

Sciurus aureagaster . B 6 15 10

Alouatia pullinta 26 4

Didelphis virgindana 12 8 f 3

Heteromys desmarestianus ' ig 2 5 4

Bussariscus sumichrasti i% 1 ; H

Sciurus deppei 1 !

Oryzomys palustris LI SN ‘ ] 1]

Sigmodon hispidus 4 ! ) 4 l

Ateles geoffroyii 5

Potos flavus i H ;

Oryromys alfaroi 2 i

Marmosa mexicana . 3

Silvilagus brailiensis { 1 i

Conepatus semistriatus i H

Caluromys derbianus i I

Silvilagus floridanius 2

Dusypus novemcinctus H

Nasua narica . i

Procyan lotor

Coerndon mexicanus
Dasyprocta mexicana
Tayassu tajacs

Felis yagouaroundi
Mazama americana

LI

Felis pardalis
Tamandua mexicana
Peromyscus lewcopus
Felis wisdii

Felis concoler

Teotal individuals 226 94 88 79
Total species 36 17 £2 10
‘fotal biomass kg 388 203 56 40

Mean (+ 5D) biomass x site kg T362454 2382145 95435 6.8+4.7

M i ad i s
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