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Abstract

Baird’s tapir (Tapirus bairdii) has an important role in the
dynamics of tropical forests through herbivory, seed
dispersal, and seed predation. This mammal has also been
a food source for rural inhabitants of Mesoamerica. Tapirs
are currently endangered due to habitat loss and over-hun-
ting. The objectives of this study were: (1) to evaluate the
status of the tapir population in Montes Azules Biosphere
Reserve (MABR) and its surroundings in the Lacandon
Forest of Chiapas, Mexico; and (2) to propose a strategy
for the conservation and management of tapirs in collabo-
ration with residents of the study area. We walked 1908
km of line transects in the study area to count tapirs and
their tracks. We interviewed 232 local hunters and had
meetings with local communities to discuss our results. We
observed 19 individuals and 438 tapir tracks between May
1998 and April 2001. Most tapir records (79.3%) were
obtained in slightly hunted sites within MABR and only
0.4% were found outside this protected area. We estimated
an overall encounter rate of 0.9 tapirs/100 km and a densi-
ty of 0.22 ind/km2. Average density estimated in slightly
hunted areas (0.24 ind/km?2) was considerably higher than
density of persistently hunted areas (0.05 ind/km2). We
estimated a two-month home range of 0.67 km2 for a radio-
collared female tapir. The sex ratio based on hunting
records at persistently hunted sites did not differ from the
expected 1:1. From direct sightings, we estimated that the
tapir population was composed of 78.9% adults (n=15),
15.8% juveniles (n=3), and 5.3% young (n=1). Using the
production and the harvest models, we detected unsustain-
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able hunting of tapirs at both regional and local levels in
the study area. Through the stock-recruitment model, we
estimated the status of the hunted tapir population at 21%
of K. In order to promote tapir conservation in the study
area, we recommend: (1) to protect remaining habitat with-
in and outside existing reserves; (2) to encourage self-regu-
lation of subsistence hunting by local communities; (3) to
look for alternative sources of income for local people (e.g.
tourism, and agro-forestry projects); (4) to establish envi-
ronmental education and wildlife research programmes
around MABR.

Introduction

Among the numerous wildlife species used by rural inhab-
itants of Mesoamerica, Baird’s tapirs (Tapirus bairdii) are
notable because of their meat yield and the usefulness of
their skins. Apart from representing food resources for
rural people, these mammals play an important function in
the dynamics of tropical forests through the processes of
herbivory and the seed dispersal of many plant species.
However, as is the case with other large tropical mammals,
Baird’s tapir populations are particularly vulnerable to
local extinction triggered by habitat loss and over-hunting
(Naranjo, 2002). Baird’s tapir is listed in CITES Appendix
I, and is regarded as “vulnerable” and “endangered” by
IUCN (2001) and SEMARNAP (2000), respectively. It is
very likely that both the Lacandon Forest of Chiapas and
the region of Calakmul, Campeche, shelter the largest
Mexican population of tapir. Several conservation areas
have been created in the Lacandon Forest (Figure 1).
However, little has been done to promote wildlife manage-
ment and conservation in and around such areas. Because
of its large size and the diversity of its natural and cultural
resources, Montes Azules Biosphere Reserve (MABR;
3,300 km?2) represents a very interesting study area for con-
servation scientists. In spite of this, quantitative informati-
on on the status of local wildlife populations is very scar-
ce. Two recent, general assessments of wildlife use in the
Lacandon Forest (March et al., 1996; Naranjo et al., 1997)
revealed that tapirs are still locally hunted even within pro-
tected areas. In this study we obtained basic information
on the status of tapir populations in the Lacandon Forest.
This information was used to design a conservation stra-
tegy incorporating the sustainable use and monitoring of
the species in collaboration with local people. The resul-
ting strategy may be useful to conserve a wider array of
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| The interior of MABR is primarily covered
by tropical rainforest (selva alta perennifo-
lia), while the community lands show a
| mosaic of rainforest fragments surrounded
by secondary vegetation, pasturelands, sea-
sonal crops (corn, beans and chilli peppers),
and cacao plantations (Castillo & Narave,
1992). A complete inventory of the fauna of
the Lacandon Forest has not been underta-
ken. However, 67 fish, 23 amphibians, 54
reptiles, 341 birds and 116 mammals have

SRk been recorded in the area (INE, 2000; March

et al., 1996). The human population of the
area is composed of several ethnic groups of
descent (Lacandon, Tzeltal,

? Tojolabal, Chol), and Spanish-speaking
C Mestizos. Except for the Lacandon, most of
the local residents have emigrated from ei-
ther the Chiapas highlands or from other
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Mexican states within the last 30 years.

Methods

Figure 1. Study sites in the Lacandon Forest of Chiapas, Mexico.

game and non-game species with similar habitat require-
ments to those of the tapir (i.e., brocket deer, white-lipped
peccaries, primates and cracids).

Study Area

The Lacandon Forest (16°05’- 17°15” N, 90°30°-91°30* W)
is located in the northeastern portion of the state of
Chiapas, Mexico, and is delimited by the Guatemalan bor-
der on the east, north, and south and by the Chiapas
Highlands to the west. Average monthly temperatures
range from 24°C to 26°C with maximum and minimum
values in May (28°C) and in January (18°C), respectively.
Mean annual rainfall is 2500-3500 mm, with roughly 80%
of rainfall occurring between June and November. The
area was originally covered by over a million hectares of
rainforest, of which about half remains today (INE, 2000;
Naranjo, 2002). Among the protected areas extant in the
Lacandon Forest, Montes Azules Biosphere Reserve
(MABR) is the largest with over 3,300 km2, and harbours
some of the largest Mexican populations of precious hard-
wood trees and large vertebrate species which are harve-
sted by both Indian and Mestizo residents (Medellin, 1994;
Véasquez & Ramos, 1992).

Distribution and Abundance

From May 1998 through April 2001 we

recorded tapirs and their tracks along 1,908

km of line transects established at two
slightly hunted sites and two persistently hunted sites wit-
hin Montes Azules Biosphere Reserve (MABR), Chiapas,
Mexico. We walked transects during the first and the last
hours of daylight, usually 7-11 AM and 4-7 PM, at a slow
pace (about 1.5 km/h). We recorded the number of indivi-
duals seen, their perpendicular distance to the centre line of
the transect and the numbers of tracks and/or faecal groups
found in all the transects (Southwell, 1996). We estimated
the encounter rate (number of individuals, groups or
tracks/100 km) for every site, year, and season (Conroy,
1996). In addition, we assessed tapir population density
(number of individuals or groups/km?2) through distance
sampling (Buckland et al., 1993), using the computer soft-
ware DISTANCE 3.5 (Thomas et al., 1998).

Home Range

We captured a female tapir using a pitfall trap measuring
2.20 x 1.50 x 2.0 m (Meédici & Valladares, 1997). We
covered the trap with 4 mm-thick asbestos sheets and a uni-
form layer of fallen leaves. We placed small amounts of
bananas, mangoes and native fruit in the trap. Once the
trap was set, it was checked every morning. When the tapir
was caught, it was immobilized with a mixture of butorp-
hanol hydrochloride (40 mg) and xylacine hydrochloride
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(200 mg). Once the tapir was sedated, we fitted a radio-
collar (Telonics Inc., mod. 500) around her neck, and then
estimated her age class, weight, and reproductive conditi-
on. We also measured her total length and took tissue sam-
ples for future genetic analysis. After recovering, the tapir
was allowed to escape by digging on one of the corners of
the trap to reduce its depth. We radio-tracked this tapir
from fixed stations located along the transects established
within MABR. We assessed its home range using
Kernell’'s method and the Minimum Convex Polygon
(MCP) estimator with 95% of localizations (White &
Garrott, 1990).

Population Structure

We estimated age classes and sex ratios from direct
sightings and hunting records. Age categories considered
were: (1) Young (small individuals accompanied by their
mother and with white spots and stripes); (2) Juvenile (soli-
tary individuals with or without vestiges of white spots or
stripes, but clearly smaller than adults); and (3) Adult
(large animals without stripes or spots, with very little hair
on the rump; Montenegro, 1998). We additionally exami-
ned tooth wear and eruption from skulls kept by local hun-
ters (Dimmick & Pelton, 1994). All skulls donated by hun-
ters were deposited in the mammal collection of Ecosur at
San Cristobal de Las Casas, Chiapas, Mexico.

Hunting Sustainability

We interviewed 232 residents of five localities (Bethel,
Flor del Marqués, Lacanja-Chansayab, Nueva Palestina
and Playon de la Gloria). We questioned residents of the
study area about their use of tapirs and other wildlife spe-
cies, as well as the methods, instruments, seasons and sites
where they hunted. From these data we assessed annual
harvest rates (individuals hunted/km2/year). We applied
the unified harvest model (Bodmer & Robinson, in press)
to evaluate the hunting sustainability of tapirs in the
Lacandon Forest. This model uses data on actual produc-
tivity, harvest rates, and population densities in slightly and
persistently hunted sites to construct a graph that displays
a vertical bar representing the status of hunted populations
with respect to their K (x-axis), and with respect to their
corresponding MSY (y-axis) (Bodmer, 2001; Bodmer &
Robinson, in press). We assumed that a population was
being harvested sustainably and safely if its vertical bar
was well under its corresponding curve representing MSY
(i.e. harvest did not exceed production), and on the right
side of the graph (N approached to K; Bodmer, 2001).
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Results and Discussion

Population Density and Abundance

We observed 19 individuals and 438 tapir tracks during the
study. Most records (79.3%, n=380) were obtained in
slightly hunted sites within MABR, and only two tracks
(0.4% of all records) were found outside this protected
area. We estimated an overall encounter rate of 0.9
tapirs/100 km and an overall population density of 0.22
ind/km2 (Table 1). Density was almost five times greater
in slightly hunted (0.24 ind/km?2) than in persistently hun-
ted areas (0.05 ind/km2). Similarly, tapir track frequency
was considerably higher in persistently hunted than in
slightly hunted sites (Mann-Whitney’s U=1119.5; d.f.=1;
P=0.047; Table 1). We did not detect significant variations
in densities or track frequencies among years, months or
between seasons (P>0.05).

Our estimates of Baird’s tapir abundance in the Lacandon
Forest are similar to those obtained in La Sepultura,
Chiapas (Cruz, 2001; Naranjo & Cruz, 1998). However,
tapir density was lower in our study area than in Corcovado
National Park, Costa Rica (Foerster, 1998; Naranjo, 1995),
but higher than in Honduras (Flesher, 1999) and Belize
(Fragoso, 1991). Our estimates suggest that the status of
tapir populations in slightly hunted and non-hunted sites of
the Lacandon Forest is good. Yet, the situation is noticea-
bly different at persistently hunted sites inside MABR, and
especially outside this protected area. Tapirs have very low
reproductive productivity (Eisenberg, 1989) and their
populations do not recover easily from an intense or even a
moderate harvest rate (Bodmer, 1995). In addition, becau-
se of its habitat requirements, this mammal is sensitive to
habitat fragmentation and other effects of human activity
(e.g., noise, odours, dogs and cattle; Matola et al., 1997;
Naranjo & Cruz, 1998). In persistently hunted sites, habi-
tat transformation and forest fragmentation combined with
over-hunting have driven tapir populations to the point of
near-extinction.

Population Structure

During the study we observed 78.9% adults (n=15), 15.8%
juveniles (n=3), and 5.3% young (n=1). We were able to
identify the sex of 14 of the 19 individuals observed. We
saw eight females (42.1%), six males (31.6%), and five
unidentified animals (26.3%; Table 2). The female-male
ratio did not differ from the expected 1:1 (57.1: 42.9 %,
respectively).

From our hunting records, we observed that the proportion
of young tapirs was higher in persistently hunted than in
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Table 1. Relative abundance (encounter rates) and densities of Baird’s tapir in the Lacandon Forest, Mexico (1998-2001).

Sighyhunied | Porsiaterty uniad
Variaba pl "'Efl'g Overal
Dietance vavelied () 1393 596.2 T908.)
Number of tpks seen 18 3 15
Popuiation dermity nOaT? 2 SE) 024 £ 008 0.06. £ 004 022012
Encourter r2te (tapke/100 k) 12 0% 100
Number of racke found 301 o 435
EnceUrter rete (iracks100 km) 27,56 1454 T

Table 2. Age structure and sex ratios of Baird's tapir estimated through three different techniques in the Lacandon Forest,

Mexico (1998-2001).

Technkpua @:cd | Unknown | Young and greniiee Adults Told
n n n % n % n

Direct sightings B:6 5 i .1 15 749 19

Colieciad aiulls ? 3 2 887 1 .3 3

Intorvicaws 3:2 i) 1 2.0 0.0 5

slightly hunted sites (x2=13.4; df=1; P=0.0002). If hunters
were not selective towards the largest animals within each
population, then our data would reflect the actual age struc-
ture of persistently hunted populations, suggesting a proba-
bility that source-sink systems are functioning for tapirs
(Naranjo, 2002). Considering the vulnerability of tapir
populations to hunting (Bodmer et al., 1997), immigration
of individuals from slightly hunted areas of MABR would
be a key factor in maintaining the persistently hunted popu-
lations in the Lacandon Forest.

Home Range and Movements

The two-month home range of a 200-kg adult female tapir
was estimated at 0.67 and 0.22 km2 using Kernell’s and the
Minimum Convex Polygon estimators with 95% of locali-
sations (n=10), respectively. The number of localisations
obtained for this female was very small, probably because
she was not a resident of the capture site. After the last
localisation, we unsuccessfully tried to locate her signal in
a radius of about 10 km for several months.  Dispersing
tapirs have been observed moving over 20 km in a few
days to establish a new home range in the rainforest of
Corcovado National Park, Costa Rica (Foerster, 1998).
This could have been the case with our female tapir in the
Lacandon Forest, even though she was the first radio-
tracked individual of this species in Mexico.

Other information on tapir movement includes the obser-
vation, made on several occasions, of fresh tapir tracks
coming out of the water in forest fragments outside
MABR. Local fishermen and riverside dwellers confirmed
this observation by describing occasional sightings of
tapirs swimming across the Lacantin River towards com-
munity lands during the dry season, when the waters are
calm, clear, and shallow. Dispersing tapirs coming from
MABR are probably attracted by fruiting trees and forage
growing in large forest patches across the river. However,
we did not have observations or references of tapirs cros-
sing the Lacantun River from community lands to MABR.
This might be an indicator that MABR could indeed func-
tion as the source of individuals taken by hunters from
neighbouring communities.

Hunting Sustainability

Harvest/Production ratios (H/P) estimated for tapir popula-
tions in the Lacandon Forest are shown in Table 3. Under
the unified harvest model (Bodmer and Robinson, In
press), Baird’s tapir appeared to be over-hunted in the
study area. However, a further analysis revealed that tapirs
were actually over-exploited in the Tzeltal community of
Nueva Palestina, one of the largest settlements in the regi-
on (Table 3, Figure 2). Tzeltal hunters took a little more
than 100% of P, while Lacandon hunters extracted only
15% of P, and Mestizo hunters did not take tapirs at all.
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Table 3. Sustainability of tapir hunting by three ethnic groups in the Lacandon Forest through the unified harvest

model (Bodmer and Robinson, in press).

Vartahin Lacanidon Trnllal Maette Cvarall
Production (F; ind/ane] » 0.7 007 007 007
Harvest Rials H; indin?) .0 e 1] o
HP 18 ] 1.00 1] 044
Susininmbiat & i) No - No

Camying capacky (K Inciad) © 0.24
Denatty of hunisd poputation (D; IndAme) 0,05
O * 100 b 1
Stalus Rigky

a Based on actual densities estimated in the Lacandon Forest and reproductive data from R.E. Bodmer (Personal

communication).

b A sustainable harvest of tapirs should be lower than 20% of population production (H/P < 0.20; Bodmer, 1994).
¢ It is assumed that populations are at their carrying capacity (K) in non-hunted sites. Therefore, tapir density

estimated in non-hunted sites is used as K.

The causes of these variations may be related to the geo-
graphical, cultural, and socio-economic contexts of hunters
and their communities. Tzeltal hunters of Nueva Palestina
(n=850) by far outhumbered Lacandon and Mestizo hun-
ters combined (n=140), and used a larger catchment area
than the other two ethnic groups. This implied that Tzeltal
hunters had a higher probability of finding a tapir in their
home ranges than Lacandon and Mestizo hunters. On the
other hand, most Lacandon hunters interviewed in this
study said that they did not like to hunt tapirs because they
are too heavy and too bulky to transport back to their
homes. Mestizo hunters, on their part, did not harvest
tapirs basically because these mammals are rarely found in

their community lands. In spite of this, the unified harvest
model allowed us to infer that on a regional scale, tapir
populations in hunted areas are at only 21% of K, which
means that they could have been decimated by hunting in
the study area (Table 3, Figure 2). Interestingly, the analy-
sis of interviews with local hunters showed us that hunting
pressure on tapirs has been relatively low during the last
decade in the Lacandon Forest. In fact, the tapir does not
appear within the top ten hunted species in the study area
(Naranjo, 2002). However, the status of this ungulate does
not appear hopeful on a more local scale: it has become
extremely rare in most community lands outside MABR.

Figure 2. Unified harvest model sho-
wing the sustainability of hunting and
status of Baird's tapir populations at
persistently hunted sites of the
Lacandon Forest, Mexico. Note that
the vertical bar representing the hunted Ly
tapir population is on the left side of the
x-axis, denoting a very low density with
respect to K. Meanwhile the bar is con-
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area (Bodmer, 2001).
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Conservation Proposal

We organized workshops on sustainable hunting in the
communities visited during the study. In addition to our
own results, we also incorporated most of the suggestions
made by residents of the Lacandon Forest in the conserva-
tion proposal presented below.

Habitat Protection

Large-sized, charismatic species requiring an extensive
mosaic of habitat types can function as “flagships” and/or
“umbrellas” for the conservation of entire communities and
even ecosystems (Entwistle & Dunstone, 2000).
Considering its size, habits and habitat requirements,
Baird’s tapir could represent such a species in the
Lacandon Forest. Consequently, planned actions to con-
serve Baird’s tapir populations can be beneficial for many
other wildlife species in the area.

It is essential to maintain the most important protected
areas in the Lacandon Forest (Montes Azules, Lacantin,
Chankin, Yaxchilan and Bonampak) to ensure the long-
term persistence of tapir populations. Connectivity amon-
gst those reserves is also a relevant factor to allow for
genetic flow between local populations. In this

Hunting Regulation

Residents of communities around MABR let us know
during the workshops that tapirs represent interesting, cha-
rismatic and rare species for them. Therefore, they them-
selves, have recently discouraged tapir hunting on their
lands, although this study did find over-hunting of this spe-
cies in that area. On the other hand, local people regarded
peccaries, deer, pacas, and other mammals as important
game species that should be managed to increase their har-
vest. After researching the viewpoint of the local people,
we deem it necessary to promote community organisation
to regulate subsistence hunting. This organisation may be
initiated through the election, by the residents themselves,
of small “wildlife committees” to establish and encourage
hunting regulation.

We propose that subsistence hunting may be regulated
through land planning in each community. Hunting of vul-
nerable species such as the white-lipped peccary (Tayassu
pecari), great curassow (Crax rubra), black guan
(Penelope purpurascens), and parrots (Amazona spp.),
may be temporarily or definitively banned (Table 4). A
complementary strategy may consist of establishing har-

sense, we believe that it is extremely important to
avoid further deforestation in the area known as
Sierra de la Cojolita, which connects Montes Azules-
Lacantin-Bonampak with the Yaxchilan and Chankin
reserves. The latter reserves in turn favour the even-
tual dispersal of tapirs and many other species
towards the rainforests of northern Guatemala
(Figure 3). The creation and maintenance of smaller

community reserves around MABR should be consi- [~

dered as valuable components for the conservation
strategy of wildlife habitat. In spite of their relative-
ly small size, these reserves may function as corri-
dors that facilitate animal transit from, and to, larger
and better areas for the survival of tapirs and many
other terrestrial vertebrates.

Perennial water bodies are crucial elements in tapir
habitat. Rivers and streams are particularly impor-
tant not only as water sources, but also as suitable
habitat for this mammal. The preservation of wide
vegetation strips along tributary streams of main
rivers (Usumacinta, Lacantun and Lacanji, among
others) will be favourable for the movement and for-
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aging of tapirs and other herbivores.

Figure 3. Protected areas of the Lacandon Forest, Mexico.
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Table 4. Proposed strategies for sustainable use and protection of game mammals and birds in com-

munity lands of the Lacandon Forest, Mexico.

Pormanarthy banned Spallslly requieted Hume:rically reguiatod
| hunting huniing huring
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Fanimrm once Crox redvr Lisronss niitana
Lacnanie sanals PONNGNa DUTDUTaRCNS Ococolaut wrmang
Loopamis wiod

Thpdris bukrd

ArA AGCET)

vest quotas for species more tolerant to hunting, such as the
paca (Agouti paca), nine-banded armadillo (Dasypus
novemcinctus), collared peccary (Tayassu tajacu), red-
brocket deer (Mazama americana), white-tailed deer
(Odocoileus virginianus), and tinamou (Tinamus major). In
regard to threatened species such as tapirs, primates, wild
cats and scarlet macaws, we recommend a definitive ban
on hunting in community lands (Table 4).

Environmental Education

We are convinced that local people constitute an essential
component in the conservation of natural areas. Many resi-
dents of the study area made it clear that they are not con-
cerned about maintaining protected areas and their species
because they do not perceive any tangible benefit from
such preservation. Therefore, we believe it essential to
promote awareness about the potential benefits of natural
areas and biodiversity among residents.

Economic Alternatives for Local People

As residents of areas inhabited by tapirs get more and bet-
ter sources of income, they will probably develop a better
attitude towards projects and programmes related to wild-
life sustainable use and conservation. In this sense, some
locals can be hired and trained as conservation promoters
within their own communities instead of sending employ-
ees from the city. These promoters may in turn form part
of the “wildlife committees” described above in order to
help encourage wildlife management on their own land. In
addition, several residents of communities around MABR
have been employed for several years as field assistants in
research projects conducted in the area (four people in our
own project). This alternative could be encouraged by both
the federal Wildlife Office (Direccion General de Vida
Silvestre-INE) and the reserve authorities when institutions
apply for research permits.
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The Lacandon area has great potential for alternative tou-
rism (i.e. “ecotourism”) because of its wildlife and its sce-
nic and archaeological richness. Tapirs, in particular, seem
to be a very attractive species for nature-oriented tourists.
Interested persons, groups, or even communities might be
advised and trained to apply for their own credits or grants
from government agencies or NGO’s to initiate ecotourism
or some other kind of environmentally sound project, such
as agroforestry, around existing reserves.

Research and Monitoring

Scientific research and monitoring are fundamental for
designing viable conservation strategies. We specifically
recommend promoting research on the hunting sustainabi-
lity and status of threatened game species in the northern
(Zona Norte) and western (Cariadas) sectors of MABR, as
well as in its neighbouring reserves: Lacantin, Chankin,
and Yaxchilan. Additional research topics relevant for
tapirs include their response to habitat fragmentation and
human activities such as selective logging, extraction of
non-timber products (i.e. Chamaedorea spp. and Aechmea
sp.), traditional agricultural practices and road construc-
tion.
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