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Abstract Los Tuxtlas Biosphere Reserve (LTBR) in southeast Mexico is characterized by high rates of deforestation and
habitat deterioration, containing two Mexican primate species, Alouatta palliata and Ateles geoffiroyi. In this study, we in-
tegrate the analysis of landscape dynamics with primate population research covering a period of 21 years (1986-2007),
assessing the impacts of habitat transformation on primate populations in a study area located in the southeast region of the
LTBR. We found the higher deforestation rate (1.5%) from 1986 to 2000, compared to 2000-2007 (0.5%), but reduction in
primate’s habitat was of 62% from 1986-2007. Land cover changes have modified the landscape in such a way that current
available habitat for primates is constituted by small forest patches, immersed in a pasture matrix. A total of 37 A. palliata and
68 A. geoffroyi individuals were counted; these data were compared with information available for the same primate popu-
lations in 1987 and 2000, revealing that despite habitat loss, primate population sizes have remained relatively stable. The
analysis of occupation and colonization of forests fragments by primates suggests that fragment size and connectivity are key
landscape features for the persistence of primates in the region. Our results imply that strong anthropogenic pressure against
primate habitat is still taking place in this portion of LTBR; and that habitat availability, as well as primate population vi-
ability in this region, are linked to political and socioeconomic factors affecting land use and production systems adopted by

locals, as well as to the management efforts of the LTBR.
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1. Introduction

The main threats primates face are habitat loss and frag-
mentation[39]. These environmental alterations are often the
result of land cover changes caused by deforestation driven
by human actions in order to satisfy their needs[1,6].

The amount of suitable habitat, or habitat availability, has
proven to have strong effects on the feeding behaviour,
population dynamics such as migration, reproduction and
survival of Neotropical primates[37,41].

Los Tuxtlas Biosphere Reserve (LTBR), in southeast
Mexico, contains one of the last relicts of tropical rainforest
in the country; however, during the past decades deforesta-
tion led to major losses of its original vegetation[40].

Two of the three Mexican primate species, Alouatta pal-
liata and Ateles geoffroyi, are found in LTBR. Both of these
primates are considered as endangered species, mainly due
to habitat loss[9,39]. Although the LTBR was declared
natural protected area in 1998[10]; deforestation processes
have continued since then, with higher intensity at altitudes
below 990m[11], which coincides with the altitudinal range
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of distribution of these primates[12].

Several primatological studies have been conducted in
LTBR on the effects of habitat fragmentation on primate
populations, focusing on abundance, ecology and behav-
iour[4,13-18]. Particularly, for the southeast region of the
LTBR the first primate survey was conducted in 1985[14].
By this time the landscape was already fragmented and the
authors urged to look for productive alternatives compatible
with the conservation of primate habitat. Recent studies in
the same portion of LTBR have included landscape charac-
teristics to the analysis of primate distribution among frag-
ments[19-22].

Nevertheless, the quantifying of landscape dynamics and
assessing changes in habitat availability through time, in
order to determine trends in habitat loss and transformation,
had not been addressed. Furthermore, improving the under-
standing of species response to landscape changes, espe-
cially those caused by land use and land cover change, is
crucial for setting conservation priorities, and enabling ef-
fective landscape management[2,23,24].

In this study, we integrate the analysis of landscape dy-
namics with research on primate populations for a period of
21 years (1986-2007) in the southeast portion of the LTBR.
We focused on two main questions: 1) how has deforestation
affected habitat availability for primates, and 2) what are the
effects of habitat loss on primate populations?
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We applied temporal and spatial analyses to compare the
different landscape scenarios under which primate popula-
tions have been immersed. We analysed land cover changes
and forest fragmentation from 1986-2007; evaluated defor-
estation drivers and habitat availability, and assessed the
impacts of habitat transformations on primate populations.
Since our study considers time periods before and after the
establishment of the LTBR, we discuss the impact that this
natural protected area has had so far, on the conservation of
primates and their habitat.

2. Study Area

The study site is located in the Sierra de Santa Marta re-
gion, in the south-east portion of the LTBR, located in the
state of Veracruz, Mexico (Figure 1). The study site covers
an area of 3,371 ha, including the territories and landhold-
ings of four agricultural communities (ejidos).

Figure 1.  Study site location and forest cover in 1986, 2000 and 2007. Left
oval: Los Tuxtlas Biosphere Reserve, Mexico

2.1. Landscape History

Human occupation in the Sierra de Santa Marta region
dates from pre-Hispanic times, approximately 1500 years
ago[25]. However, the ejidos located in the study area were
founded between 1964 and 1970[26], encouraged by gov-
ernment land reform and agricultural development policies.

The main productive activity during the early settlement
period of the ejidos was milpa agriculture where several
useful plants are intercropped in small land clearings; at that
time, cattle ranching was not part of the traditional produc-
tion systems[27].

In the early 1980, the agrarian policies focused on the
promotion of cattle ranching in the region, conferring local
farmers with financial credits for livestock production. This
initiated severe impacts on the environment as well as
landscape transformation[28]. In 1992, changes in the

agrarian law allowed the certification, privatization and sale
of ejido lands. As a consequence, the agrarian frontier ex-
panded, causing further environmental perturbation[29].

Today’s main productive activity is extensive cattle
ranching[30]. The natural landscape is highly fragmented,
consisting of a pasture matrix and small patches of tropical
forest vegetation, which remain sources of valuable products
for the survival of local human populations, such as
fuel-wood, timber, medicine and food. Moreover, forest
patches also provide habitat for primates.

3. Methodology

3.1. Primate Population Sampling

Surveys of primate populations were carried out from
March to June 2009. All vegetation fragments bigger than
0.5 ha were visited and thoroughly inspected. Each survey
trek started at 5:00 am and ended at 4:00 pm. Once a primate
group was located, we registered: geographic position, spe-
cies, group size and composition. We compared the survey
results with previous reports from 1986 and 2000 in the same
area[14,21].

3.2. Remote Sensing Analysis

We applied remote sensing of satellite images to evaluate
deforestation and forest fragmentation from 1986-2007.
Imagery used included three scenes: a Landsat 5 TM from
1986, a Landsat 7 ETM from 2000, and a SPOT 5 from 2007.
To compare changes in forest cover between these images,
we used the minimum surface of vegetation considered as a
fragment of 0.5 ha, which could be detected by both type of
satellite images.

We collected 103 GPS ground-truth points in the field,
describing vegetation types and land use. Subsequently, we
used the GPS points to classify land use and land cover using
supervised classification techniques. Classified images were
then used to analyze changes in forest cover, fragment size,
connectivity and deforestation rates using GIS software
ArcGis 9 (ESRI®) . We estimated deforestation rates with a
standardized deforestation indicator:

dn (E] . (1)
sl

Where dn = deforestation rate, S2= forest cover in time
two, S1= forest cover in time one, and » = number of years
between time one and two[31].

We used Patch Analyst 3.1 to determine landscape metrics
(size, shape, and distance to nearest village and to the nearest
fragment) of forest fragments. Connectivity was measured
employing the connectivity index:

CI=Dnf +Pc—J 2)

Where CI= connectivity index, Dnf= distance to the
nearest fragment, Pc= presence of corridors, J= journey
(Table 1).

3.3. Data Analysis
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Using SPSS Statistics 17.0 we ran one-way ANOVA tests
to compare variables of forest fragment size, connectivity,
percent of secondary vegetation, and forest cover loss among
fragments that remained occupied, that were abandoned, and
that were colonized by primates from 1986-2000 and
2000-2009. In addition, linear regressions were applied to
test the relationship between deforestation and the distance
to the nearest village as well as deforestation and fragment
characteristics. The probability level at which we determined
significance was P=0.05

Table 1. Variables and values for estimating the connectivity index (CI)
| VARIABLE DESCRIPTION VALUE |
Distance to the 3-30m 1
nearest fragment 31-50m 0.5
(Dnf)* >50m 0
Connects to a fragment with no other
. 1xn
¢ corridors
Pre;ence[c: Connects to a fragment that has corri- 2xn
corridors (Pc) dors connecting with other fragments
n = number of corridors with this feature
Journey (J) Presence of roads between fragments or 05

corridors

*Distances estimated according to the dispersal capacity across pasture matrix. A
distance up to 30m has been considered feasible for these primates to walk[32].
Crossing distances longer than 50m will be risky and will require high expendi-
ture of energy, lowering the probabilities for this to happen[12,16].

4. Results

4.1. Landscape Dynamics

Table 2 summarizes land cover change and deforestation
rates in the study area for periods 1986-2000 and 2000-2007.
Deforestation was most intense during the first period; with a
significant reduction from 2000-2007; nontheles, deforesta-
tion area reamins considerable. The lower annual deforesta-
tion rate, along with a decrease in the amount of forest re-
growth from 2000 to 2007, show that the landscape changes
were more dynamic from 1986 to 2000 than from 2000 to
2007 (Figure 2).

Table 2. Percentage of land cover changes and deforestation rates from
1986-2007 in Sierra de Santa Marta, Los Tuxtlas, Mexico

Land cover changes 1986-2000 2000-2007
Remained forested 22.8% 22.9%
Forest regrowth 11.6% 10.5%
Remained deforested 46.2% 55.1%
New deforestation 19.4% 11.5%
Annual deforestation rate 1.5% 0.5%

4.2. Primate Habitat and Population

The total amount of habitat available for primates has
diminished through time, and forest fragments have become
smaller and more isolated (Figure 1 and Table 3). In 1986
there were 28 fragments, of which 32% were less than 10 ha
and the largest fragment was 166.7 ha. By 2007, there were
25 fragments; 60% of the fragments had less than 10 ha and
the largest fragment covered an area of 59.7 ha.

Table 3. Changes in primate’s habitat in Sierra de Santa Marta, Los Tux-
tlas, Mexico for 1986, 2000 and 2007

1986 2000 2007
Habitat availability (ha) 876.9 3322 335.5
Mo pachsoe e L 2 23 25
P . 313404  144+183  12.0+14.0
Mean patch composition 57.1% 79.6% 57.2%
Connectivity Index 2.8 1.8 1.6
1986 2000 2009
Alouatta palliata (ind) 40° 50° 37*
Ateles geoffroyi (ind) 67° 68*
“Patch composition in terms of secondary vegetation according to remote
sensing.
°[14,21]

*Present study
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Figure 2. Land cover change at Sierra de Santa Marta, Los Tuxtlas Bio-
sphere Reserve, Mexico

From 1986-2007, 12 fragments disappeared in the study
area, three of which were occupied by primates; five frag-
ments were divided into two smaller fragments and another
three fragments were regenerated. According to our primate
survey, by 2009 these last three patches were still unoccu-
pied by primates. Population surveys show the presence of
primate groups within patches of available habitat was fairly
constant between 1986-2009, but showing colonization and
abandonment among the fragments (Table 4).

For Alouatta palliata no significant differences in spatial
characteristics were found between fragments that remained
occupied or that were colonized, and fragments that were
unoccupied. In contrast, the fragments that remained occu-
pied by Ateles geoffroyi from 1986-2009 differ from the
unoccupied ones by being larger (ANOVA: F=11.68, df=14,
P=0.005) and by having better connectivity (ANOVA:
F=6.63, df=14, P=0.023); also, the fragments colonized by
Ateles geoffroyi during this period show a higher connec-
tivity index than the unoccupied fragments (ANOVA: F=7.8,
df=18, P=0.012).

Fragments that had lower number of primates in 2009 than
in 1986, showed a reduction of up to 68% of their surface
area. Fragments that had more primates in 2009 than in 1986,
maintained their connectivity with other fragments despite
the losses in their surface area.

Regression analysis indicate a positive relationship be-
tween fragment size and the amount of forest cover loss
(R’=0.414, P=0.001), the largest fragments being the ones
with more deforestation.
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Table 4. History of primate occupation per fragment in Sierra de Santa
Marta, Los Tuxtlas, 1986-2009. S= Ateles geoffiroyi, H= Alouatta palliata,
X= deforested fragment

Fragment 1986° 2000° 2009*
1 H H
2 S H
7 S
8 S
9 S H H S,H
10
11 S, H S,H
12 S H S,H
14
15 H
16 H S
17 H H H

21 S
22 S, H H H
23 S
24 X S
25 H
26 S, H X X
27 S X X
28 H X
T14,21]

*Present study

5. Discussion and Conclusions

The aim of this study was to determine how landscape
dynamics (deforestation and fragmentation) affect primate
habitat availability and how primate populations have been
impacted by these changes. Deforestation rate for the study
area was extremely high from 1986 to 2000, accelerating
forest fragmentation during this period. The following re-
duction in deforestation from 2000 to 2007 allowed for some
forest regrowth and the maintenance of forest fragments. The
less intense deforestation from 2000-2007, could be ex-
plained by conservation strategies and policies implemented
with the establishment of the LTBR in 1998, but also by the
fact that the processes of certification of ejido lands, which
started in 1992, was over in the region around 2000; more-
over, human population growth remained constant[32], thus
there was no further deforestation in order to claim new
property.

Land cover changes have modified the landscape in such a
way that currently available habitat for primates is consti-
tuted by several small patches, immersed in a “hostile”
pasture matrix with no forest cover, hindering the movement
of primates among fragments[33], disturbing dispersal and
the subsequent formation of new groups.

The comparison between primate surveys showed that,
contrary to the expected, the total primate population has
remained stable, despite deforestation, fragmentation, and
high percentage of habitat loss. However, a demographic
analysis of both primate species in the same region, suggests
that the low proportion of infants in groups of both primate
species could be having a negative impact on population
replacement rates[34]. Furthermore, it has been reported for
this particular region, that Alouatta palliata groups inhabit-
ing fragments smaller than 15 ha have a 60% of extinction

probability within 30 years[18]. Since 73% of the current
Alouatta palliata population in the study area inhabit frag-
ments smaller than this area, coupled with the fact that the
mean fragment size in 2007 was also smaller than 15 ha, the
primate populations in this region are probably highly
threatened.

The analysis of occupation and colonization of forest
fragments by primates, suggests that fragment size and
connectivity are key landscape features for the persistence of
primates in the region, mainly for Ateles geoffroyi, since this
primate has a larger home range than Alouatta pal-
liata[16,35-36]. Alouatta palliata groups have been more
static, probably because of their high tolerance to fragmented
habitats[4,37] and their low dispersal capacity[38].

The positive relationship found between deforestation and
fragment size, in addition to the tendency of Ateles geoffroyi
to occupy and remain within the larger fragments, suggest
that strong anthropogenic pressure against primate habitat is
still present in this portion of Sierra de Santa Marta. Forest
fragments in this part of LTBR are constantly exploited by
the local people, since obtaining products, such as food and
timber, is indispensable for their subsistence. In order to
determine the effects of human activities on the quality of
primate habitat and its impact on primate populations, it is
necessary to monitor the frequency and intensity of such
activities within these forest patches, and to establish if the
tree species managed by humans are also key species for
primates.

The design of the LTBR conservation zones did not con-
sider the altitudinal restrictions for the presence of endan-
gered species such as Alouatta palliata, establishing the core
zones at higher elevation than what this primate can tolerate,
leaving most of the habitat suitable for primates within the
buffer zones of the LTBR, where deforestation has had its
strongest impacts[11]. Our results coincide with previous
authors[11,22], and advise that the strategies for primate
conservation in this part of Sierra de Santa Marta must be
directed to preserve the patches of forest habitat and to in-
crease the patch connectivity within the landscape.

Primate population viability, in this part of LTBR is linked
to political decisions that take place at federal, state and local
levels, which influence the production and land use systems
of local communities through their programs. Since habitat
availability for primates is ruled by the individual decisions
of land use made by local residents, the inclusion of these
local communities in the management of the LTBR is crucial.
Therefore, conservation of these species depends on a
greater political commitment to adequately manage LTBR
and to a stronger social cohesion that allows integrating
habitat conservation strategies.
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