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Abstract Identifying the patterns of land cover change

(LCC) and their main proximate causes and underlying

driving forces in tropical rainforests is an urgent task for

designing adequate management and conservation policies.

The Lachuá region maintains the largest lowland rainforest

remnant in Guatemala, but it has been highly deforested

and fragmented during the last decades. This is the first

paper to describe the patterns of LCC and the associated

political and socioeconomic factors in the region over the

last 50 years. We estimated spatial and temporal variations

in LCC from a random sample of 24 1-km2 landscape plots

during three time periods (1962–1987, 1987–2006, and

2006–2011) and evaluated how they were related to some

important proximate causes and underlying driving forces.

During the study period, 55 % of forest cover disappeared,

at an annual rate of 1.6 %. The deforestation rate increased

from 0.6 % (during the first study period) to 2.8 % (last

period), but there was very high spatial variation. Land-

scape plots located outside conservation areas and close to

roads lost between 80 and 100 % of forest cover, whereas

the forest cover in landscapes located within protected

areas remained intact during the study period. The estab-

lishment of new human settlements, roads, and annual

crops was the main proximate cause during the first period,

but during the second and third periods, open areas were

mainly created to establish cattle pastures. Because *75 %

of forest cover has disappeared outside the protected areas,

the conservation of this biodiversity hot spot will depend

on the expansion of protected areas, and the promotion of

forest regrowth and alternative biodiversity-friendly land

uses in the landscape matrix.

Keywords Forest loss � Mesoamerica � Land use

policy � Lowland forest

Introduction

Tropical rainforests maintain the highest number of species

in terrestrial ecosystems and play a key role in climate

regulation through their interaction with carbon and water

cycles (Myers 1996; FAO 2011; Shi et al. 2011), but in

recent decades they have been the primary sources of new

agricultural lands (Meyer and Turner 1992; Turner and

Meyer 1994; Gibbs et al. 2010; FAO 2011). This trans-

formation threatens the biodiversity in this ecosystem, and

the environmental services they provide (e.g., Hersperger

and Bürgi 2009; Sala et al. 2000). To counteract these

threats, it is urgent to identify the patterns of land cover

change and the main driving forces that are leading to the

degradation of these forests (Dale et al. 2000; Bürgi and
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Turner 2002; Wu and Hobbs 2002; Bürgi et al. 2004; Alig

et al. 2005; Bürgi et al. 2010), because this information is

essential for developing effective management and con-

servation policies. Although this topic has received much

attention during the last decades, and some important

global patterns have emerged (e.g., Reid et al. 2000;

Achard et al. 2002; Mayaux et al. 2005; Wassenaar et al.

2007; Gibbs et al. 2010; Wulf et al. 2010; Nelson and

Chomitz 2011; Zhou et al. 2011; Wang et al. 2008; Aide

et al. 2013), additional studies at regional and local scales

are needed because land cover changes (LCCs) can vary

widely among regions and localities (e.g., FAO 2011; Aide

et al. 2013; Redo et al. 2012), and most management and

conservation policies are usually carried out at the local or

regional scales.

Globally, deforestation has been concentrated in hot

spots of Latin America, Africa, and Southeast Asia

(Mayaux et al. 2005; FAO 2010; Aide et al. 2013). An

important deforestation hot spot in Latin America is loca-

ted in Mesoamerica, where several Mexican and Guate-

malan tropical forests have been heavily deforested during

the last decades (Mayaux et al. 2005; Dı́az-Gallegos et al.

2008; Aide et al. 2013), particularly in southeastern Mex-

ico and northeastern Guatemala (Mendoza and Dirzo 1999;

Carr 2005; Wassenaar et al. 2007; Dı́az-Gallegos et al.

2010; Aide et al. 2013). Although several protected areas

have been established in this region, in practice, all

reserves are highly threatened by LCC, especially along the

boundaries of the reserves (Mendoza and Dirzo 1999;

Schmitt et al. 2009; Dı́az-Gallegos et al. 2010; Laurance

et al. 2012). Most studies of LCC and the associate driving

forces in Mesoamerica have focused on Mexican forests

(Mendoza and Dirzo 1999; Roy Chowdhury 2006; Mora

2008; Velázquez et al. 2010; Dı́az-Gallegos et al. 2010; but

see Redo et al. 2012). It is therefore urgent to identify both

the patterns of LCC and the main proximate causes and

underlying driving forces that are leading to the degrada-

tion of Guatemalan rainforests, as this information is nee-

ded for management and conservation policies, particularly

in the context of the ‘Mesoamerican Biological Corridor’; a

region-wide initiative (including the neighboring Montes

Azules, Calakmul and Sian Ka’an Biosphere Reserves)

intended to conserve biological and ecosystem diversity in

a manner that promotes sustainable social and economic

development in Mesoamerica (Miller et al. 2001; Mora

2008).

In Guatemala, the loss of tropical forests during the last

decade (2000–2010) has been larger than in the 1990s (Rudel

et al. 2009; FAO 2011; Redo et al. 2012). The Lachuá region

of Guatemala is considered one of the last remaining rain-

forests of the country, but it is also one of the most threatened

due to agricultural expansion. Here, we assessed temporal

and spatial variations in LCC in this region over the last

50 years (1962–2011) and relate these changes with impor-

tant political and socioeconomic factors. These factors

included underlying driving forces related to demographic

and economical factors, as well as proximate causes such as

those associated with agricultural and infrastructure expan-

sions (Mendoza and Dirzo 1999; Hayes et al. 2002; Nagen-

dra et al. 2003; Bray and Klepeis 2005; Carr 2005; Roy

Chowdhury 2006; Dı́az-Gallegos et al. 2008; Ellis and Por-

ter-Bolland 2008; Bush and Geoghegan 2010; Bonilla-

Moheno et al. 2012). To have a better understanding of the

underlying driving forces of LCC, we also review and dis-

cuss the potential impacts of several political and institu-

tional factors, such as the civil war and the most important

national decrees during the study period. Although bio-

physical factors can be important drivers of LCC in other

tropical regions (e.g., Roy Chowdhury 2006), we did not

consider them because the biophysical conditions are highly

homogeneous in the study region.

Methods and data

Study area

The Lachuá region of Alta Verapaz, Guatemala, is part of

the Petén-Veracruz Moist Forest ecoregion, and this eco-

region is considered critically endangered due to rapid land

use change (ecocode NT0154; http://wwf.panda.org/about_

our_earth/ecoregions/ecoregion_list/). The region covers

535.2 km2, and it is located next to a major road project

(Franja Transversal del Norte, FTN), which will connect

Belize to Mexico (Fig. 1). The region is limited to the

north, west, and east by the Chixoy and Icbolay rivers and

to the south by the Sultana mountains (15�580, 16�020N;

90�420, 90�400W). The climate is warm and humid, with a

mean annual temperature of 25.3 �C and an annual rainfall

[2,500 mm. The original vegetation is tropical rainforest,

and it is considered one of the most important rainforests in

Guatemala (CONAP 2003).

A total of 49 rural communities inhabit the region, with

12,500 persons. Most inhabitants belong to the Maya-

Q’eqchi’ ethnic group. Nineteen of these communities are

located within the limits of the National Park Laguna La-

chuá (NPLL), which was established in 1975 and covers

396.7 km2 (including its surrounding buffer zone) (Fig. 1).

Two additional private reserves were established in 2001:

Chajumpec (9.8 km2) and Entre Rios (4.3 km2) (CONAP

2003; Fig. 1). The Salinas Nueve Cerros protected area is a

municipal reserve that has not been included in the Gua-

temalan System of Protected Areas, but it covers 6.6 km2

of old-growth forests (CONAP 2003). Approximately

75 % of forest cover has disappeared outside these pro-

tected areas, and the region is presently composed of a
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mosaic of rainforest patches, secondary forests, agricultural

lands, human settlements, and roads.

Data processing

To create a spatiotemporal database of the region, spatial

analysis of four time slices (1962, 1987, 2006, and 2011)

was used in 24 randomly selected landscape plots of 1-km2,

with a minimum distance of 1 km between plots (Figs. 1,

2). This was done with the aim of obtaining representative

samples of the region that could be verified in the field.

Changes in land cover were analyzed by creating a

superimposed image of aerial photographs (1962 and 1987,

1:60,000), high-resolution orthophotos (pixels of

0.5 9 0.5 m) from the National Institute of Geography

(2006) and the Ministry of Agriculture (MAGA by its name

in Spanish) using ArcGISTM 9.3 software. The maps for

2011 were digitized through careful field verifications for

all land use classes with GPS in July 2011. All black-and-

white photographs from 1962 and 1987 were scanned at a

resolution of 400 dpi and then were individually georecti-

fied using the 2006 orthophotos and image-to-image

georeferencing techniques. A minimum of 4 points were

used for georeferencing and superimposing; distinguish-

able features, such as rivers and the Lachuá Lake, were

utilized for this purpose.

Fig. 1 The study area with

sampled landscapes (1–24) in

the Lachuá region, northeastern

Guatemala. Protected areas:

NPLL National Park Laguna

Lachuá, SNC Salinas Nueve

Cerros, CHA Chajumpec and

ER Entre Rios. The plots with

(*) are located within reserves,

and plots with (?) are located

near the boundary of the

reserves
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In each landscape plot, we estimated LCC over time and

across space by calculating the percentage of cover of each

class with the V-late extension for ArcGIS (Lang and Tiede

2003). Seven land cover classes were distinguished

(Table 1), but only four were considered in our analyses

(i.e., old-growth forest, secondary forest, pastures and

agriculture, and human settlements). These classes were

the most representative land covers in the region, and they

were easily recognized in the aerial photographs and high-

resolution orthophotos. Although shade crops were intro-

duced in the region in 1985, we could not identify this land

cover type in the 1987 aerial photographs. The area of

shade crops in 2011 was estimated by field verification

with GPS. At the same time, we interviewed at least seven

people in each plot, to determine the size and spatial

location of each patch of shade crops in 2006.

We quantified three underlying driving forces: popula-

tion density, percentage of economically active population

Fig. 2 The time course of the

land cover in the sampled

landscapes in the Lachuá

region, northeastern Guatemala.

The landscape numbers (1–24)

are the same as in Fig. 1. The

plots with (*) are located within

reserves, and plots with (?) are

located near the boundary of the

reserves
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(PEAP), and proportion of ethnic population; and three

proximate causes: main economic activity, distance to the

nearest road, and type of access to the plots. Population

density, PEAP, and proportion of ethnic population were

obtained from census data for each community (ejidos) of

the National Institute of Statistics for the years 1981, 1994,

and 2002. The absence of recent census data did not allow

us to evaluate these driving forces during the last time

period. The main economic activities were categorized as

type I (annual crops, such as corn and beans), type II (shade

crops, such as cocoa and cardamom), type III (cattle

ranch), and no economic activity. The distance of each

landscape plot to the nearest road was estimated with

ArcGIS. Finally, to assess the effect of the type of access to

the plots on the deforestation rate, the landscape plots were

classified as those without roads and those with roads (all

roads in the region are nonpaved).

Data analyses

To calculate annual deforestation rates, we used the FAO

formula [q = ((A2/A1)1/(t2-t1) - 1], where A is area and

t is time (FAO 1996; Puyravaud 2003). We compared the

total proportion of forest loss among landscape plots

located within protected areas (NPLL, SNC, Chajumpec,

and Entre Rı́os, n = 8), plots located near the boundary of

the reserves (n = 6), and those located outside of the

reserves (n = 10) using a one-way ANOVA. Although plot

18 seems to be located within the SNC reserve (Fig. 1), we

considered this plot in the boundary of this reserve because

it was located in a buffer area where a variety of human

activities are permitted (i.e., it was not located in the core

area of the reserve).

To assess differences in land use through time, we used

r-Pearson correlations. To avoid spatial autocorrelation’s

problems, we averaged the values from all plots within

each year. We made a separate correlation analysis for each

land cover category (i.e., old-growth forest, secondary

forest, pastures and agriculture, and human settlements). In

all analyses, proportion data were arcsine-square-root

transformed.

To assess the effect of each proximate cause and

underlying driving force on the annual rate of deforesta-

tion, we made two complementary nonparametric analyses

because the annual rate of deforestation did not have a

normal distribution (Shapiro–Wilk test, p \ 0.05 in all

cases). First, Mann–Whitney U and Kruskal–Wallis k tests

were used to assess for differences in the annual rate of

deforestation between 1962 and 1987 and the types of

access to the plots and principal economic activity in 1981,

respectively. Second, we used Spearman rank correlations

to relate the population density, PEAP, and proportion of

ethnic population within each plot in 1981 to the annual

Table 1 Land cover types assessed in this study

Land cover type Description

Old-growth

forest

Rainforest without distinguishable signals of

disturbance, with a continuous canopy of up to

30–40 m tall and with some emergent trees

reaching up to 45 m tall

Secondary forest Forest that regrows after a major disturbance

(e.g., fire, timber harvest, land cover change),

dominated by smaller trees, most of them from

light-demanding pioneer genera such as

Cecropia, Ochroma, Piper, Miconia, and

Helioparpus, which usually form a

discontinuous canopy of less than 20 m tall

Shade crops An agroforestry system dominated by thick and

tall trees that in this region provides shade to the

cultivation of cardamom (Cardamomum elletari

Garsault) and rubber plantation

Pastures and

agriculture

Cleared areas for cattle ranching and agricultural

purposes, including shrub crops such as corn,

beans, squash, rice, chili, watermelon, and

pineapple

Human

settlements

Small rural communities, mainly houses

Water bodies Rivers, lakes, and naturally flooded sites

Roads Nonpaved roads

Table 2 Land cover, annual change, and annual rate of change of five land cover classes over four time periods in 24 1-km2 landscape plots

located in the Lachuá region, Guatemala

Land cover type Land cover (ha) Annual change (ha year-1) Annual rate of change (%)

1962 1987 2006 2011 62–87 87–06 06–11 Total

(62–11)

62–87 87–06 06–11 Total

(62–11)

Old-growth forest 2384.5 2074.5 1226.5 1066.8 -12.4 -44.6 -31.9 -26.35 -0.56 -2.73 -2.75 -1.60

Secondary forest 0.05 85.3 204.8 126.6 3.4 6.3 -15.6 2.53 34.71 4.71 -9.17 16.98

Shade crops 0 0 237.6 156.3 0 12.5 -16.3 3.13 0 33.37 -8.03 10.63

Pastures and

agriculture

0 208.4 688.2 857.5 8.3 25.2 33.9 17.15 23.81 6.49 4.50 14.46

Human Settlements 0 18.1 30.7 31.4 0.7 0.7 0.1 0.63 12.28 2.81 0.47 7.14

Land cover changes in the Lachuá region, Guatemala 1143
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rate of deforestation between 1962 and 1987. These same

groups of nonparametric analyses were used to correlate

the driving forces in 1994 to the annual rate of deforesta-

tion between 1987 and 2006.

Results

In the 24 plots (2,400 ha), rainforest cover decreased from

2,390 ha in 1962 to 1,070 ha in 2011. This represents a

total loss of 55.3 % of forest cover in 50 years and an

average annual rate of deforestation of 1.6 % (Table 2).

Secondary forest was almost absent in 1962 (5 ha), but it

covered approximately 130 ha in 2011, representing an

annual rate of increase of 17 %. Shade crops, pastures and

agriculture, and human settlements increased from zero in

1962 to 160, 860, and 30 ha in 2011, respectively, repre-

senting annual rates of increase of 11, 15, and 7 %,

respectively. Although the overall trends are clear, LCC

varied among landscape plots and time periods (Table 2;

Fig. 2).

Temporal variations in LCC

The percentage cover of each land cover category was

significantly correlated with time (Fig. 3). The rainforest

cover was significantly lower in 2006 and 2011 than in

previous time periods (r = 0.99, p = 0.014). In fact, the

annual deforestation rate varied among periods, being five

times higher between 1987 and 2006 (-2.73 %), than

between 1962 and 1987 (-0.56 %; Table 2). In contrast,

the percentage cover of secondary forest increased signif-

icantly from 1962 to 1987 and then increased again to a

peak of 8 % in 2006 (r = 0.93, p = 0.046), with the

highest annual rate of increase between 1962 and 1987

(34.7 %; Fig. 3). There was a significant positive correla-

tion between pastures and agriculture cover and time

(r = 0.99, p \ 0.001), but the annual rate of increase was

noticeably higher during the first period (23.8 %) com-

pared to the following periods (Table 2). Finally, the per-

centage cover of human settlements also increased

significantly with time, particularly between 1962 and

1987, but the rate of change was lower after 2006

(r = 0.97, p = 0.032; Table 2; Fig. 3).

Spatial variations in land cover

While five landscapes remained unaltered over the last

50 years, one landscape was totally deforested; however, in

most cases (16 landscapes, 54 %), the remaining forest

cover in 2011 varied between 0.6 and 33 % (Fig. 2). This

notable spatial heterogeneity in forest cover loss was

highly related with the presence of protected areas, as

landscapes located within protected areas (n = 8) showed a

significantly lower deforestation level (16.9 ± 11.9 % of

forest cover loss, mean ± SE) than the landscapes located

on both the reserve’s limits (80.0 ± 12.4 %, n = 6) and
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outside the reserves (71.3 ± 8.4 %, n = 10) (F2,21 = 13.1,

p \ 0.001; Figs. 1, 2).

Proximate causes and underlying driving forces of land

cover change

The annual rate of deforestation was significantly higher in

landscapes with roads than in landscapes without roads in

both time periods (1962–1987: Z = 3.22, p \ 0.001;

1987–2006: Z = 3.38, p \ 0.001; Fig. 4a, b). During the

first time period, the landscapes dominated by the eco-

nomic activity type I (annual crops) showed the highest

annual rate of deforestation, compared with landscapes

without economic activity and landscapes with the eco-

nomic activity type III (cattle ranch) (H = 6.30, p = 0.04;

Fig. 4c). During the second time period, some landscapes

were dominated by cattle ranching (Fig. 2), and we found

that these landscapes showed a higher deforestation rate

than the landscapes without any economic activity

(H = 13.30, p = 0.004; Fig. 4d).

The landscapes with higher population density showed

higher deforestation rates in both time periods, but rates were

substantially higher during the second time period

(1962–1987: rs = -0.44, p \ 0.05; 1987–2006: rs = -0.70,

p \ 0.01). The PEAP (rs = -0.49, p \ 0.05), and the pro-

portion of indigenous people (rs = -0.46, p \ 0.05) were

good predictors of deforestation during the first time period

evaluated, but not during the second period (p [ 0.05).

Discussion

This study shows that the Lachuá region in Guatemala has

lost 55.3 % of rainforest cover during the last 50 years,

representing an annual deforestation rate of 1.6 %. This

result concurs with previous studies that have documented

extensive deforestation in the northeastern part of the

country (Hayes et al. 2002; Carr 2005; Aide et al. 2013).

In fact, the deforestation rate found in this region is similar

to that reported for other neighboring regions in Mexico

and Guatemala (0.4–2.1 %) (Myers 1991; Dirzo and

Garcı́a 1992; Mendoza and Dirzo 1999; De Jong et al.

2000; Hayes et al. 2002; Dı́az-Gallegos et al. 2008, 2010).

As reported for other Mesoamerican wet forests, defores-

tation was principally associated with subsistence agri-

culture (annual crops) and cattle pastures (De Jong et al.

2000; Geist and Lambin 2002; Wassenaar et al. 2007;

Rudel et al. 2009; Dı́az-Gallegos et al. 2010; Turner 2010;

Velázquez et al. 2010; Armenteras et al. 2011; Bonilla-

Moheno et al. 2012; Müller et al. 2012; Aide et al. 2013).

However, the spatial and temporal patterns of LCC, and its

main proximate causes and underlying driving forces,

Fig. 4 Annual rate of

deforestation within each time

period associated with the types

of access to the plots (i.e., plots

with and without roads) (a,

b) and the main economic

activity (c, d). Economic

activities: type 0, no economic

activity; type I, annual crops

(e.g., corn and beans); type II,

shade crops (e.g., cocoa and

cardamom); and type III, cattle

ranch
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were not constant over time periods and across landscape

plots.

The first time period (1962–1987) showed the lowest

annual deforestation rate (0.56 %). During this period,

deforestation was associated with the establishment of

human settlements, road construction, and annual crops. The

colonization of the Lachuá region began in the late 1960s to

early 1970s (Fig. 5) promoted by the Decree 60–70 ‘Ley de

Establecimiento de Zonas de Desarrollo Agrario’; a gov-

ernmental program that promoted colonization and agricul-

tural development in large unoccupied forests during the

1960s and 1970s. The first colonizers were from the ethnic

group Maya-Q’eqchi’. To support this colonization move-

ment and to expand oil and mineral exploration, the gov-

ernment began the construction of the road ‘Franja

Transversal del Norte’ in early 1970s (Hurtado 2008; IN-

TRAPAZ 2009; Fig. 5). During the first period, deforesta-

tion was associated with population density, and particularly

with the proportion of ethnic population and economic

activity type I (annual crops) because the household econo-

mies of the first colonists, ethnic Q’eqchi’, are characterized

by subsistence crops such as corn, beans, and chili (Fig. 5).

The second colonization event occurred between 1981 and

1988 (Fig. 5), promoted by a counterinsurgent policy during

the Guatemalan civil war (1971–1996), and was dominated

by nonindigenous people (Hurtado 2008; Rogers 2013). A

similar situation has been observed in the El Petén (Hayes

et al. 2002; Carr 2005; INTRAPAZ 2009) and other neigh-

boring Latin American regions (Bray and Klepeis 2005;

Redo et al. 2012), as several countries in Latin America were

pushed by the ‘Alliance for Progress’ program, an agrarian

reform and colonization program for reducing the attrac-

tiveness for revolutionary movements (Rudel et al. 2009).

Fortunately, the largest protected area in the region (NPLL)

was established during this period (1975; Fig. 5), preventing

the deforestation of a larger percentage of forest (CONAP

2003).

During the second time period (1987–2006), the Lachuá

region suffered a deforestation rate (2.73 %) five times

higher than during the first period. The area covered by

human settlements increased, as did the population density,

and both factors were also associated with increasing

deforestation during this period. Additionally, this high rate

of deforestation was stimulated by the application of Article

12 from Decree 1551, by which the lands that were not

being used for agriculture or livestock were considered

‘leisure’ or abandoned lands, and the penalty for this was

the payment of high taxes or the loss of the property

(Hurtado 2008). Although some secondary forests emerged

as a consequence of the abandonment of some annual crops,

this situation stimulated the expansion of agriculture and

pastures in the region (Fig. 5). Shade crops of cardamom

(Elettaria cardamomum) were established in this time

period, principally by indigenous people (small producers).

Most nonindigenous colonists focused their efforts on cattle

ranching (CONAP 2003; Hurtado 2008), which resulted in

the loss of hundreds of hectares of forest, representing one

of the main proximate causes of deforestation between 1987

and 2006. Furthermore, between 2001 and 2004, the price

of cardamom declined, and many farmers transformed areas

in cardamom production to cattle ranching. Both small-

scale and extensive cattle ranching are well-known proxi-

mate causes of deforestation in Latin America (Myers 1991;

Geist and Lambin 2002; Armenteras et al. 2011; Aide et al.

2013), probably because it can provide the highest profit per

day of labor invested (Bush and Geoghegan 2010). The

continued deforestation during this period was also asso-

ciated with better access, as roads were improved. These
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important underlying driving

forces (black arrows) in the

Lachuá region, northeastern

Guatemala. Dotted lines

indicated proximate causes with

a smaller influence on forest

cover change
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results concur with many previous studies that have shown

how the creation and improvement of roads are critical

determinants of land cover transformation in the tropics

(Geist and Lambin 2002; Hayes et al. 2002; Nagendra et al.

2003; Carr 2005; Bonilla-Moheno et al. 2012).

The last time period (2006–2011) showed the highest

annual deforestation rate (2.75 %). The percentage of sec-

ondary forests and shade crops decreased, and the cover of

pastures and agriculture increased (Table 2; Fig. 3).

Although we did not have census data to relate this LCC to

population characteristics, government policies, such as

Decrees 22–99 and 88–2005, that promoted the paving of the

‘Franja Transversal del Norte’ road are likely to be important

factors (SEGEPLAN 2011). This road crosses the country

and was created for facilitating the economical development

of the region. Economic activities such as cattle ranching,

crop and biofuel cultivation, and petroleum exploration

increased during this period in the region, and these activities

were partially financed by governmental incentives, a situ-

ation similar to that reported in other parts of Mesoamerica

(Hayes et al. 2002; Carr 2005; Sánchez-Azofeifa et al. 2009;

FAO 2010; Bonilla-Moheno et al. 2012).

Despite the extensive deforestation in the region, the

creation of forest reserves played an important role in

limiting forest loss in these particular areas. Landscape

plots located within protected areas were significantly less

deforested than plots outside these areas. A similar pattern

has been observed in other parts of the Maya forests, such

as the Lacandona rainforest in Mexico (De Jong et al.

2000; Mora 2008), and other rainforests in Costa Rica,

Brazil, Indonesia, and Madagascar (Nelson and Chomitz

2011). Thus, although tropical forest protected areas alone

cannot impede habitat degradation, hunting, and forest-

product exploitation (Laurance et al. 2012), the present

study and others demonstrate that the creation of protected

areas is an effective management strategy to prevent

deforestation (Mora 2008; Nelson and Chomitz 2011).

Because tropical protected areas are strongly linked eco-

logically to their surrounding habitats (Laurance et al.

2012), the effectiveness of protected areas in preserving

biodiversity and ecosystem services will depend not only

on the creation of protected areas, but also on the promo-

tion of lower-impact land uses near reserves (Bruner et al.

2001; Porter-Bolland et al. 2012; Laurance et al. 2012).

Conclusions and future directions

The Lachuá region of Guatemala has suffered a rapid loss of

rainforest cover during the last 50 years, but LCC and its

main proximate causes and underlying driving forces varied

across the time and space. Over the last 50 years, the rates of

deforestation have increased principally due to improved

infrastructure (e.g., better roads) and governmental policies

that promoted colonization and subsidized development of

the region. Although these incentives stimulated extensive

deforestation, the four protected areas established in the

region have been affective in protecting the approximately

78 % of remaining forest cover in the region.

The future of this region is uncertain. In 2012 the gov-

ernment started paving roads and has promoted petroleum

exploration and the expansion of monocultures (e.g., African

oil palm) (SEGEPLAN 2011) (Fig. 5). In contrast, a number

of communities (ejidatarios) have initiated efforts to expand

shade crops, such as cacao and cardamom, and they have

received governmental support to link their local markets

with regional, national, and international markets. The

expansion of this type of low-impact land uses outside these

reserves will contribute to increasing forest cover in the

region (Porter-Bolland et al. 2012). Although these activities

will greatly improve the matrix, the future of this biodiversity

hot spot will depend on the creation of new protected areas,

and the fomentation of forest regeneration outside these

reserves (Porter-Bolland et al. 2012; Laurance et al. 2012).
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2004–2009. Proyecto Nacional Laguna Lachuá, INAB, UICN,
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