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Abstract. To assess the conservation status of Lacandonia, a megadiversity area in Mexico, rates of defor-
estation were calculated for the periods 1974–1981 and 1981–1991, using a random sample of 38 5×5 km
sites. We evaluated: (i) the overall magnitude of, and spatial and temporal variation in deforestation;
(ii) how spatial variation relates to human population density, terrain slope and the presence of the Montes
Azules Biosphere Reserve; (iii) the magnitude of potential plant species loss associated with deforestation.
Overall deforestation was greater in the former than in the second period (1412 vs. 744 ha/year), although
mean rates (2.1 and 1.6%/year) were statistically indistinguishable due to a considerable spatial variation.
The greatest spatial variation was related to the presence of the Montes Azules Reserve: deforestation out-
side the reserve was 20 and 6 times greater in the first and second period, respectively. Population density
and terrain slope were related to deforestation but the relationship was considerably poor. Estimates of
plant species committed to extinction (out of the expected total flora of 4314 species) were as high as 22%
by year 2035, and 55% by year 2135. Such levels of potential species extinction associated to deforestation,
and the great biological diversity of Lacandonia provide evidence to declare it as the northernmost tropical
hot-spot and a priority goal in conservation efforts.
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Introduction

The current patterns of land use constitute one of the most pressing global envir-
onmental changes. Habitat destruction and fragmentation have been recognised as
the major threat to biological diversity (Reid and Miller 1989; Whitmore and Sayer
1992; Laurance and Bierregaard 1997; Whitmore 1997), especially in the tropics,
where a disproportionately high magnitude of the Earth’s biological diversity is con-
centrated (Wilson 1988; Orians et al. 1995). Also, there is a growing recognition that
deforestation, particularly of tropical forests, plays an important role in atmospheric
gas regulation (Trexler and Haugen 1993; Dixon et al. 1994) and can significantly
influence the climate at different scales (Nobre et al. 1991; IPCC 1992; Henderson-
Sellers et al. 1993). Thus, there is a justified concern for the measurement, monitoring
and assessment of the consequences of tropical deforestation (Whitmore and Sayer
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1992; Skole and Tucker 1993; Heywood and Watson 1995; Laurance and Bierregaard
1997). Despite this growing concern, several methodological and organisational prob-
lems persist and the mere estimates of the magnitude and rates of deforestation con-
tinue to be a major issue in conservation biology (Melillo et al. 1985; Orians et al.
1995). Such estimates remain considerably variable depending on the authors and
source (see examples and reviews in Whitmore and Sayer 1992; Myers 1993; Skole
and Tucker 1993).

An important contribution to the undergoing international efforts to assess the
current patterns of land use is the detailed analysis of the levels and consequences
of deforestation at local/regional scales. At these scales, methodological and organ-
isational problems can be more readily tackled and estimates can be supported by
fieldwork and more tractable ground-truthing protocols. The need for such studies is
particularly critical in areas where biological diversity is known or suspected to be
notably high, and where information on current and potential habitat destruction is
unknown.

In this paper we report on the magnitude and rates of deforestation in Lacandonia
or Selva Lacandona (Chiapas, southern Mexico), where remaining extensive tropical
rain forest vegetation reaches its northernmost distribution on the American continent
(Dirzo 1994).

Although Mexico is recognised as one of the megadiversity regions of the world
(Mittermeier and Mittermeier 1992; Ramamoorthy et al. 1993), Mexican tropical rain
forests occupy a reduced proportion of its territory. In addition, a recent estimate
indicates that deforestation rates of this biome are the highest (2%/year) for all closed
forests of the country (Masera et al. 1997). Thus the remaining tropical rain forests
in Mexico are an important conservation priority; moreover here we argue that the
importance of Lacandonia should transcend the Mexican conservation interests.

Lacandonia includes not only the major tract of tropical rain forest on the Mex-
ican territory, but it stretches into Guatemala and Belize, thus constituting the most
extensive tract of this biome in Mesoamerica, and one of the largest in the Neotropics
(Dirzo 1994). Despite its extreme latitudinal position on the continent, the preliminary
biological information for some groups of organisms (discussed below) indicates that
the biodiversity of the area is considerable. This, and the qualitative value of this
forest’s biological diversity at its most northern distribution, suggests that Lacandonia
is likely to constitute a special component of the Neotropical biological diversity. The
importance of the study of deforestation in this zone was recognised by Myers (1993),
who regarded this general region as one of the main deforestation fronts in tropical
areas. Thus a thorough analysis of the recent and current rates of deforestation will
help to elucidate to what extent this region is an important and as yet ignored hot-spot
of biological diversity (see Myers 1990; Wilson 1992 and Meffe and Carroll 1997 for
a description of the major hot-spots in the world).

In order to provide a detailed description of deforestation in Lacandonia, we spe-
cifically addressed the following questions: (i) what are the recent and current levels
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of deforestation in the Mexican part of this forest? (ii) given its large extension, how
do rates of deforestation vary spatially? (iii) is spatial variation in deforestation asso-
ciated to proximal factors such as local human population density and terrain slope?
and (iv) what scenarios of potential species loss can be derived from the calculations
of deforestation rates in this forest?

Materials and methods

The study site

The Mexican portion of Lacandonia is located on the eastern extreme of the State
of Chiapas (16◦05′, 17◦15′ LN; 90◦25′ and 91◦45′ LW) (Figure 1). The study area
encompasses 800,000 ha, slightly over half the total area covered by Lacandonia (De
la Maza and De la Maza 1991). The region of Marqués de Comillas, located to the
east and south of the Lacantún river (Figure 1), was not included in the present ana-
lysis because it was massively colonised and deforested in the decade of the sixties.
Although lowlands are predominant, Lacandonia presents three ranges that run in a
NW–SE direction, with an elevational gradient from 60 to 2450 m above sea level
(m.a.s.l.). The climate typical of elevations below 800 m is hot (mean of 25◦C);
it becomes semi-hot (average 20◦C) from 800 to 1300 m and lower temperature
regimes are restricted to some peaks above 1300 m. Rainfall ranges from 2500 to
3500 mm per year, with the greatest concentration in June–September, and the lowest
in March–April. The predominant vegetation type of the zone is tropical rain forest
but numerous variants and associations are present (Dirzo 1991; Martínez et al. 1994).
Such vegetational diversity is associated in part to the great diversity of soils and the
complex fluvial network of the zone (Figure 1). The most thorough, though still in-
complete, biological inventories correspond to butterflies, with 800 recorded species
(De la Maza and De la Maza 1991) and vascular plants with 3400 recorded species
and 4314 species expected when inventories are completed in the whole region (see
Martínez et al. 1994). Mayan archaeological sites are profusely scattered throughout
the zone (Gómez-Pompa and Dirzo 1995).

A remarkable feature of Lacandonia is the presence of the Montes Azules Bio-
sphere Reserve (see Figure 1), officially decreed in 1978. With an extension of
331, 200 ha, and largely covered by lowland rain forest, the reserve hosts some 9000
inhabitants of several ethnic origins, collectively known as the Lacandon community.
A detailed description of the Montes Azules Reserve is given in Gómez-Pompa and
Dirzo (1995).
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Figure 1. The location of the area of study, in the Mexican State of Chiapas. The squares in the inset show
the 38 randomly selected sampling quadrats, numbered consecutively. The main roads (- - - - -), rivers
(——–) and the Montes Azules Biosphere Reserve ( ), as well as some prominent localities are also
shown.
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Analysis of deforestation

In order to provide quantitative estimates of deforestation, six satellite Landsat Multis-
pectral Scanner System (MSS) and Thematic Mapper (TM) scenes were used to
create a time-series of images corresponding to 1974, 1984 and 1991. Each image
was a mosaic of two Landsat scenes (path 21 and rows 48 and 49). Dates of pairs
of scenes were: 15/02/74 (first set), 25/11/84 and 15/01/85 (second set) and 19/02/90
and 03/04/91 (third set). The first two sets correspond to MSS and the latter to TM.
Each image was corrected in order to match spatial resolution to 60×60 m and reduce
distortions and spatial error to less than a pixel (see Mendoza 1997 for more details).
A non-supervised classification procedure was applied to each image through the
use of the GRASS4.1 software for work station (US Army Construction Engineering
Research Laboratory 1993) using a maximum likelihood algorithm. This algorithm
allows classification of the images based on the probability that a pixel belongs to
a particular spectral class. Sets of homogeneous spectral clusters were subsequently
assigned to land cover classes. The classification procedure was aided with the follow-
ing ancillary tools: thematic cartographic charts scales 1:25,000 (produced by DIASA
Consultores, Mexico City) and 1:250,000 (from the National Institute of Geography
and Statistics, INEGI); aerial photography sets, scales 1:70,000 (INEGI 1978) and
1:38,000 (National Defense Secretary, SEDENA, 1994); false color composites; a
survey flight (1994) and periodic visits by the authors to the area since 1992. Details
regarding dates, acquisition, processing, classification and analyses of the images and
ancillary tools are given in Mendoza (1997).

Given the large extension of the study area and in order to facilitate the possibility
of any necessary verification in the field, a representative sample of areas was taken
for the analysis of deforestation. To this effect, the satellite images were divided into
a grid of 5×5 km quadrats. A random sample of 50 quadrats was chosen for analysis.
However, 12 of them had to be eliminated either because of the lack of complete cor-
respondence in the time series (due to a shift in the orbit of TM satellites with respect
to that of MSS), or because the presence of clouds prevented a reliable analysis of
forest coverage. Such a random sample has the additional advantages that average
deforestation values can be given with associated statistical measures of variation,
and that spatial variations in deforestation can be explored in conjunction with other
variables (e.g., population density, terrain slope, etc.) specific to those local quadrats.

Areas were calculated in terms of forested and deforested sectors, which included
areas converted to pastures or agricultural fields and sparse/poorly developed second-
ary vegetation. A differentiation was also made of bodies of water (rivers, lakes) and
shadows due to topographical features.

From the areas covered by forest in each of the dates, a deforestation rate was
calculated for each quadrat according to the formula of Dirzo and García (1992):
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DR= 1−
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t × 100

In this formula DR corresponds to the deforestation rate (% area lost/year),A1 and
A2 are the initial and final areas of forest andt is the interval (years) during which
the change in forest coverage is evaluated.

Temporal and spatial variation in deforestation

The availability of images for three dates (1974, 1984 and 1991) allowed for forest
coverage to be calculated for each of those years and deforestation rates to be calcu-
lated for two periods: 1974–1984 and 1984–1991.

The use of the 38 randomly distributed quadrats and the calculation of their indi-
vidual deforestation rates permitted a direct analysis of the spatial variation as per the
specific location of each quadrat (cf. Figure 1). In addition, other spatial strata could
be defined to explore variation associated to such strata. In this study we analysed the
variation in deforestation in relation to the presence of the Montes Azules Biosphere
Reserve by comparing the values of the quadrats located both within and outside
the reserve (see Figure 1). This analysis tests the effectiveness of the reserve as a
conservation entity, especially considering the presence of the Lacandon community
within the reserve.

Relationships between deforestation and terrain slope and population density

In order to explore whether flatter terrains present higher values of deforestation,
descriptors of the topography were calculated for each quadrat. The mean, median
and modal slopes of each quadrat were calculated employing a digital elevation model
(DEM), which was obtained from the Institute of Geography-UNAM, where it was
generated through the digitizing of topographic charts from INEGI scale 1:50,000.
The model was developed as part of the National Forest Inventory Program of Mex-
ico (SARH 1994). A regression analysis was carried out using these tophographic
measures as single independent variables and the corresponding deforestation rate as
the dependent variable.

In order to test whether human population density was influential on deforestation,
two estimates of local population density were obtained for each quadrat. In the first
estimate, the number of inhabitants associated to each quadrat was derived from
the National Census of Population Statistics (INEGI, 1971; 1991) and from socio-
economic information for the region (Vásquez-Sánchez et al. 1992) regarding all
human settlements (villages or towns) located within the quadrat’s area (2500 ha). We
refer to this as the restricted-range analysis. In the second estimate, the same sources
of information were used to calculate the number of inhabitants corresponding to an
area 9 times larger, 22 500 ha, the physical centre of which corresponded to the central
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point of each of the quadrats studied. We refer to this as the broad-range analysis.
Each of these two estimates of population density were used as single independent
variables and deforestation rate as the dependent variable in regression analyses.

Scenarios of potential species loss associated to deforestation

The estimated rates of deforestation were used to model scenarios of potential di-
versity loss, on the basis of the species-area relationship of MacArthur and Wilson’s
(1967) island biogeography theory:S = cAz (whereS is the number of species,
c a constant,A the area andz the slope of the relationship between species and
area). Average rates of deforestation were used to predict remaining forest areas at
a given time (or the time necessary for a given reduction in area to occur) using
a simple exponential decay model (Dirzo and García 1992). The calculation of the
S value for the specified reductions in forest area was made following Simberloff
(1992). Thez exponent values have been found empirically to range between 0.15
and 0.35 (Connor and McCoy 1979; Begon et al. 1990) and these two values were
used to model scenarios of plant species loss, assuming that the current average de-
forestation rate remains the same. Plants were chosen for this exercise since they
constitute an important descriptor of overall biological diversity (Raven 1992) and
also because a recent account of the flora of the Selva Lacandona is available (see
Martínez et al. 1994). For these simulations the expected number of vascular plants,
4314, was employed.

Results

Temporal variation in deforestation

Our estimates of the areas of remaining forest (Table 1) indicate that in a period
of 17 years a total of 19,327 (i.e., 14,121+5206) ha were lost in the 38 selected
quadrats. This corresponds to ca. 24% of the forest coverage present at the beginning
of the study period (1974). However, there was a notable contrast in the magnitude of
absolute deforestation between the two periods analysed (Table 1). While 17% of the
forest was lost between 1974 and 1984, only ca. 7% was lost in the subsequent seven
years. Although this may be due in part to the time-difference in the two periods, such
contrast is also borne out in the estimate ofannualforest loss, which was 1.6 times
higher in the former period.

A revealing view of the deforestation process in Lacandonia is gained by consid-
ering the original forest coverage, i.e., when all analysed quadrats were completely
forested. Of the initial 95,000 ha (not considering the minor fraction covered by
bodies of water), only 13% was lost by 1974. That is, the proportional amount of
forest lost from the last century (or centuries) to the early seventies is lower than that
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Table 1. Estimates of forest area and loss for the accumulated
area of the 38 quadrats studied in Lacandonia, Mexico.

Estimated
forest area Lost area Lost area Annual loss

Year (ha) (ha) (%) (ha)

Potential 95,000 – – –
12,562 13.22

1974 82,438
14,121 17.13 1412

1984 68,317
5206 7.62 744

1991 63,111

lost between 1974 and 1984, indicating that a major pulse of deforestation occurred in
the decades of the sixties and seventies. In general terms, the original forest coverage
of all sampled quadrats has been reduced by approximately 34% currently, with the
most accelerated pace occurring during the last third of this century.

The average estimated areas of forest coverage in the quadrats and their corres-
ponding 95% confidence intervals were used to extrapolate forest coverage remaining
in the entire study zone. We calculated areas of 694,218± 33,000 ha in 1974, and
531,453± 55,600 ha in 1991. The values can be used to estimate conservative and
worst-case magnitudes of absolute forest loss in the zone in the last 17 years. These
would be, respectively: 74,165 ha (i.e., [1974 average+ 33,000]− [1991 average
− 55,600]) and 251,365 ha (i.e., [1974 average− 33,000]− [1991 average+ 55,600]).

Spatial variation in deforestation

Rates of deforestation varied considerably among quadrats. Figure 2 depicts three
representative examples of such spatial variation. Figure 2A shows a case of low
deforestation with almost imperceptible changes in forest cover (2%); Figure 2B
illustrates a case where, although forest conversion is already evident in 1974, the
remaining coverage in 1991 is 64% of that in 1974, giving an intermediate deforesta-
tion rate. Finally, Figure 2C shows a typical situation of high deforestation in the area,
in this case forest coverage was reduced by 80% in a period of 17 years. Our ground-
truthing work and further analysis of the images indicate that the spatial variation
in deforestation depicted in Figure 2 reflect that conversion to grassland for cattle
ranching is the predominant use, followed by conversion to secondary vegetation in
abandoned agricultural lands.

The analysis of the data for each of the two survey periods separately yields a
strikingly similar pattern of spatial variation (Figure 3). In both cases the frequency
distribution of deforestation rates produced a non-normal pattern, with a marked
positive skew (1.3 and 1.9; first and second periods, respectively) and a high
coefficient of variation (116 and 125%, respectively). In the first period (Figure 3A)
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Figure 2. Examples of the variation in deforestation in three representative quadrats within Lacandonia.
Each pair of images corresponds to forest coverage in 1974 (left panels) and 1991 (right panels). (A) Low
deforestation; (B) Intermediate deforestation and (C) High deforestation. Prominant localities and rivers
(R) or lagoons (L) are indicated. The numbers in the upper left and lower right angles indicate the quadrat’s
UTM coordinates. For details see text.
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Figure 3. Frequency-distribution of the rates of deforestation in the 38 5× 5 randomly sampled quadrats
in Lacandonia, in the two study periods: (A) 1974–1984; (B) 1984–1991.

the range of variation in deforestation rates was 0 to 8.1%/year, with an average of
2.1. However there was a predominance of values around 1%, and about 11% of
the cases had no detectable deforestation. The first three lowest classes account for
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ca. 70% of the instances. The three largest classes of deforestation, although of low
frequency, included rates of very high score (5.2 to 8.15%/year). A pooled category
of intermediate levels of deforestation (2.1 to 5%) had a cumulative frequency of ca.
30%. In the latter period (Figure 3B) values ranged from 0 to 7.9%, with an average of
1.6 and, again, with a modal representation of values around 1%. Deforestation was
nil in 8% of the cases, and the classes with the three lowest scores accounted for over
80% of the total. Again, the highest rates of deforestation were of low frequency,
but included scores that went beyond 6%/year. Intermediate values, in this period,
were poorly represented. Although the average rate was slightly higher in the first
period, the median values are the same (1.0) and statistical comparisons do not reveal
significant differences (U-test of ranks,P = 0.603). Nevertheless, even if the rates of
deforestation show a statistically indistinguishable pattern between the periods, the
absolute deforestation was markedly higher in the first period.

The most distinguishable aspect of the spatial heterogeneity in the area was the
presence of the Montes Azules Biosphere Reserve. Figure 1 shows that 11 quadrats
are located within the reserve and 21 are located outside. In addition, 6 quadrats can
be considered as located on the reserve’s limits. We compared the rates of deforest-
ation among these three sectors of the area. In both periods, Kruskal–Wallis tests
revealed the existence of statistical significant variation in the rates of deforestation
among sectors (Figure 4) (P < 0.0001, χ2 = 20.90, DF = 3 for 1974–1984 and
P = 0.0035, χ2 = 5.99, DF= 3 for 1974–1984; tests corrected for unequal sample
sizes and tied ranks). A post hoc test (Tukey-type) showed that differences were due
to the considerable lower values of deforestation rates inside the reserve for both
periods. In the first period (Figure 4A), values for the quadrats within the reserve
ranged from 0 to 0.56%/year, with an average of 0.14. Outside the reserve the range
was 0.16 to 7.9, with an average value, 2.79%, 20-times larger than within. Very
similar results were obtained in the second period (Figure 4B), although the contrast
within–outside was not as large (a 6-fold difference). Interestingly, quadrats located
at the reserve’s limits (border) had values which were higher than, but statistically
indistinguishable from those of the quadrats outside (averages = 3.82 and 2.23% in
the first and second periods, respectively).

Relationships with human population density and slope

Human population density did not show a significant relationship with deforestation
rates in the period 1974–1984, considering either the restricted (regression ANOVA,
F = 2.70;P = 0.1090) or the broad (F = 3.33;P = 0.076) ranges of population
density. In contrast, in the second period (Figure 5) a significant positive relationship
was detected in both the restricted range (F = 14.12;P = 0.0006) and in the
broad range (F = 6.94, P = 0.0123). Nevertheless, in both cases the proportion of
explained variation in deforestation by local population size was relatively low: 28%
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Figure 4. Average rates of deforestation (±SE) within, outside and at the border of the Montes Azules
Biosphere Reserve in the two periods of study: (A) 1974–1984; (B) 1984–1991. Different letters indicate
statistically significant differences (Tukey-type post hoc test).
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Figure 5. Relationship between population density and deforestation rate in Lacandonia, in the period
1984–1991. The figure shows the relationship of deforestation with population density in the restricted
range (A) and the broad range (B). See text for details.

in the restricted analysis and only 15% in the broad analysis. Thus, human population
density seemed to play a limited role in explaining the variation in deforestation rates.

The regression analyses between slope estimators and rates of deforestation
showed a statistically significant relationship (ANOVA,F = 5.25, P = 0.0277)
only for the 1974–1984 period, using the average slope of quadrats. However, the
proportion of explained variance was very low (r2 = 0.127). Moreover, the re-
lationship was again very poor and marginally significant using the median slope
(F = 4.05, P = 0.0518). None of the relationships for the 1984 to1991 period were
statistically significant (F = 0.84, P = 0.3641;F = 0.0032, P = 0.9556 and
F = 0.38, P = 0.5423 for the average, modal and median slopes, respectively).
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Thus it appears that the topography of terrain does not play a determining role on the
deforestation rates of the zone.

Scenarios of plant species loss

Assuming that the most recent average rate of deforestation calculated (1.6%/year)
remains constant after 1991, the time-course of plant species committed to local
extinction according to the species-area relationship of the island biogeographymodel,
would show a pattern like the one depicted in Figure 6. The calculated proportional
loss of plant species is shown for time-points when the forest is reduced to 75, 50, 25
and 10% of its 1991 area, when the number of species expected to exist in the area is
4314. The increment in species committed to extinction at equilibrium is, as would be
expected, sharper in the simulation when thezcoefficient is set at 0.35. Nevertheless,
even with the slope of 0.15, predicted species loss is quite significant, reaching∼ 10%
by the year 2035 and 29% by the year 2135. When forest area is reduced to 10% of its
1991 size (year 2135) and the slope is 0.35, about 55% of Lacandonia’s plant species
would be committed to extinction. Such final proportional loss would be equivalent
to reducing the known flora from 4314 to 1925 species, or to a committed rate of loss
of about 17 species per year.

Figure 6. The predicted plant species loss as a function of deforestation in Lacandonia, on the basis of the
species-area relationship (S = cAz). Forest remaining area in Lacandonia (#) was estimated assuming
that average deforestation rate (1.6%/year) remains constant. The time-course of predicted species loss is
shown under two values of thezexponent ( = 0.15,� = 0.35) of the species–area model.
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Discussion

An extrapolation from our calculated average of forest area remaining in 1974 and
1991 permits an estimate of some 163,000 ha lost in the whole of the Mexican side of
Lacandonia, equivalent to approximately 23% of the original area. This is a significant
reduction, particularly considering that about two thirds of the original 1.5 million
ha of Mexican Lacandonia had been lost prior to 1974 (Calleros and Bauer 1984).
The predominant conversion activity noted in the area is extensive cattle grazing.
Indeed, Chiapas was the second state of Mexico with the largest number of cattle in
the 1970–1990 period (World Bank 1995).

The calculated average rates of deforestation for Lacandonia (2.13%/year for 1974
and 1.6%/year for 1984–1991) are larger than those reported for the closed forests of
the country, 1.29%, and close to those of the collective evergreen tropical forests of
Mexico, 2.0% (Masera et al. 1997). Rates of deforestation in Lacandonia are lower
than those reported in the Los Tuxtlas region of Southern Veracruz (2.1 vs. 4.3%/year
in an equivalent period) (Dirzo and García 1992). Nevertheless, in terms of absolute
area, deforestation in Lacandonia was considerably higher (7500 vs. 118,920 ha) in
the same period corresponding, on an average, to an annual area loss 16 times higher.
This underscores the importance of addressing policies to curb the deforestation
tendencies in Lacandonia.

The observed reduction in absolute deforestation for the latter period of this study
may not necessarily imply an encouraging situation. It is possible this reflects that
the areas most susceptible to undergo deforestation have already succumbed and
those remaining are the least accessible (see Lambin 1997) both physically (e.g.,
remote, isolated) and administratively, such as the Montes Azules Biosphere Reserve.
Nevertheless, if present trends of deforestation continue, conversion pressure might
shift into the protected area. This could be exacerbated by the fact that some 9000
inhabitants are settled within the limits of the reserve. In this regard, it was of interest
to confirm that in both periods deforestation rates were 20- and 6-times lower within
the reserve. Average deforestation rates for Lacandonia, omitting the values of the re-
serve, are 3.31 and 2.14%/year for each of the two periods – substantially higher than
the overall calculated values. It would appear that since its decree, in 1978, the reserve
has played a significant role in diminishing the deforestation process in Lacandonia.

A superficial analysis indicates that in addition to the spatial variation in defor-
estation accounted for the biosphere reserve, the presence of roads and rivers may
also play some role in such variation. For example, of the seven quadrats associ-
ated with major roads (i.e., quadrats 5, 10, 11, 27, 30, 31, 38, see Figure 1), six
presented deforestation rates which were, at least in one of the two periods, above
the median value for their respective period. Four of these had deforestation rates
above 3.35%/year. Moreover, three of these sites had deforestation rates greater than
6%/year. The importance of roads as a determining factor of habitat destruction was
quite evident in an analysis of deforestation in Costa Rica (Sader and Joyce 1988;
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Mertens and Lambin 1997). It is of interest that in the first period the two largest
values of the deforestation rate corresponded to two sites (24 and 25) which were
located in direct relation to the Lacantún river which was, at that time, the major
means of local/regional communication. Nevertheless the association between rivers
and deforestation does not appear to show much consistency throughout the zone.

It was expected that proximal factors such as terrain slope and population density
could explain a significant portion of the spatial variation in deforestation. While
the effect of slope is evident in other tropical deforestation studies (Green and Suss-
man 1990; Dirzo and García 1992), this appeared to be of negligible importance in
the present study. It was surprising that the relationship between human population
density and deforestation was significant in only the second period, and with a low
proportion of explained variance. On the one hand substantial deforestation is associ-
ated to some areas of Lacandonia where human settlement is of long permanence and
density. For example, the region of Las Cañadas (quadrats 8, 18, 19, 20, 21, 22, 23, 30,
34, 35, 36, 37 and 38 to the west of the reserve, Figure 1), densely colonised for a long
time, shows a considerable reduction of its forest coverage (see also Ortíz-Espejel and
Toledo 1998). This is reflected in the fact that in the mid 1970s the quadrats located
in this region had forest coverage significantly lower than within the reserve (U -test,
P = 0.0005). On the other hand, population nuclei have been found to bring about
deforestation in other studies (Green and Sussman 1990; Harrison 1991). The lack of
relationship in the first period may reflect that population density during the decades
of the sixties and seventies was low in general. However our findings and those of
other studies (see Masera et al. 1997) indicate that it may be unwarranted to use
human demographic information to predict deforestation and to imply causality (see
Skole et al. 1994). Ultimately the causes of deforestation are rooted in inappropriate
socio-economic strategies and policy factors that have promoted the extensive cattle
ranching of the zone (Mendoza 1997).

Deforestation leading to habitat destruction has been considered a major driving
force for the extinction of species and populations (Reid and Miller 1989; Whitmore
and Sayer 1992). An approach used to assess such relationships has been the use
of the species-area relationship proposed by MacArthur and Wilson (1967). Our
application of such an approach to model plant species loss, given the most recent
average rate of deforestation, leads to expectations of as much as 29 or 55% of
the floristic contingent of Lacandonia being committed to extinction by year 2135.
While such applications are useful in providing potential scenarios of extinction,
several caveats have to be borne in mind. First, there is the uncertainty that a model
devised for oceanic islands should be readily applicable to terrestrial ‘islands’ where
connectivity is more feasible and may buffer against extinction. Secondly, the
use of the average deforestation rate throughout the simulation period may be un-
realistic if, with time, deforestation rates change. In particular, as remaining forested
areas are reduced, deforestation rates may also decrease (Reid 1992). Thirdly, po-
tential extinctions can be overestimates since the model ignores the possibility that
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some species may thrive in altered areas resulting from forest conversion (Lugo
et al. 1993). Also, it ignores the fact that the dispersal ability of some species may
have the effect of reducing the value of thez coefficient. On the other hand, several
considerations argue that extinction scenarios like the ones presented here may be
conservative. Species extinction may come about or may be exacerbated for reasons
other than area reduction (Wilson 1992) such as: over exploitation (orchids, palms
and precious timbers are all real-life examples in Lacandonia), disease, and loss of
ecological interactions (Dirzo et al. 1995, see a review in Phillips 1997). Some recent
studies provide evidence in support of the contention that deforestation may have
profound consequences on extinction of birds (e.g., Brooks et al. 1997). In summary,
our predicted scenarios suggest the potential for a significant pulse of plant species
committed to local extinction in this zone (but see Turner et al. 1994).

The significance of Lacandonia’s rates of deforestation in relation to its potential
species or population loss can be seen in the light of recent information regarding
the biological diversity of this forest. The most popularized biological aspect of this
forest in the last few years has been the revolutionary discovery of a new Angiosperm
family, Lacandoniaceae (Martínez and Ramos 1989). The type species,Lacandonia
schismatica, has a number of truly remarkable features (see also Márquez-Guzmán
et al. 1989) including that it is only known from two populations of Lacandonia, and
each population is composed of a few individuals – a truly rare taxon evolutionarily
and ecogeographically speaking. This discovery has drawn the attention of conser-
vation biologists and biological inventories for some groups have been advanced,
highlighting the biodiversity of this zone. As an example, data for species richness
in five groups of organisms and the total for Mexico are given in Table 2. Fishes,
followed by amphibians and reptiles are the taxa with the least proportional diversity
in relation to the whole country. The rest of the groups are outstanding, approaching
or surpassing 20% of the country’s total known, with butterflies having the highest
representation. The overall relative representation of ca. 20% is clearly above the
expected, given that the area encompasses only 4% of the country. Considering the
latitudinal position of the area (approaching the northernmost limit of the distribution
of tropical rain forest on the continent) these numbers are noteworthy. Moreover,
the distributional aspect brings up an additional relevant facet to the biodiversity of
this forest. Lacandonia is the extreme point of boreal expansion of many taxa of
Equatorial and Antillean affinity and it is likely that some of these taxa will be repres-
ented here by local populations distinct from their more southern counterparts. To our
knowledge no genetic studies have been made to compare these marginal populations,
but the mere phenotypic appearance of some species (e.g.,Brosimum alicastrum,
Terminalia amazonia, among plants), which contrasts with that of more southern
populations (R. Dirzo, pers. obs.), may be indicative of population differentiation
(see Hamrick et al. 1992; Hall et al. 1994).

In summary, the remarkable biodiversity features of this region, and the current
magnitude and trends of deforestation described here, designate Lacandonia as the
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Table 2. Numbers of species in six groups of organisms in Lacandonia, and their relative
representation with respect to the total known of species in those groups for Mexico.

Lacandonia Mexico Relative
Group of organisms (No. of species) (No. of species) representation (%)

Angiosperms 4314 22,800 18.9
Mammals 112 439 25.5
Birds 300b 1007c 29.8
Butterflies 800d 2237e 36.0
Fish 40 384f 10.4
Amphibians & reptiles 109b 978g 11.1

Total 5675 27,845 20.4

Sources:(a) Mart́ınez et al. (1994); (b) Medellı́n (1991); (c) Escalante et al. (1993); (d) De la
Maza and De la Maza (1991); (e) Mittermier et al. (1998); (f) Espinoza-Pérez et al. (1993); (g)
Flores-Villela (1993).

northernmost hot-spot of tropical biological diversity. Further studies on biodiversity,
conservation and the application of ecological principles directed to responsible man-
agement practices in the area are imperative.
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