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RECENT CHANGES IN LANDSCAPE-DYNAMICS 
TRENDS IN TROPICAL HIGHLANDS, CENTRAL 

MEXICO
CARLOS ARREDONDO-LEóN, JULIO MUñOz-JIMéNEz 

and ARTURO GARCíA-ROMERO

andscape-dynamics do 
not take place homoge-
neously across a given 

area, but there are changes in the bal-
ance between negative and positive 
processes (Forman and Godron, 1986; 
Serrão et al., 1996; Bastian and Röder, 
1998; Bocco et al., 2001: Ramírez, 
2001). This situation is particularly rele-
vant in mountain areas, where the broad 
topographic and altitudinal gradients 
result in a wide biophysical diversity 
(Smethurst, 2000; Jansky et al., 2002). 
In central Mexico, diversity increases 
because a high proportion of the popula-
tion lives in mountain areas (>1800masl; 
Chávez et al., 2001) and their recent 

0378-1844/08/08/569-09 $ 3.00/0

history have led to the development of 
different land-use and deforestation pat-
terns (García-Romero, 2002).

In order to address 
problems such as the nexus of biophysi-
cal diversity with the landscape-dynam-
ics, landscape geography approaches are 
particularly useful (Arler, 2000; Works 
and Hadley, 2004) since landscape 
morpho-structural and mesoclimatic 
variables are not considered homoge-
neous, but vary according to a certain 
order that is reflected in the formation 
of patterns, or landscape systems (Vi-
tousek et al., 1981; Ortiz and Toledo, 
1998; Pimm, 1999; Kristensen et al., 
2003; Burgos and Maass, 2004). Within 

a landscape system, the dynamics take  
place in hierarchically lower and visu-
ally homogeneous landscapes contained 
in it, and each of them corresponds to a 
specific system’s response status to dis-
turbance and/or regeneration processes 
(Bertrand, 1968; Forman and Godron, 
1986; Farina, 1998; Gragson, 1998).

Except for mature veg-
etation that characterizes the landscape 
with the highest development and sta-
bility in the system, all other landscape 
types are regarded as secondary, result-
ing either from natural and/or human 
disturbances, or from land-use abandon-
ment and regeneration processes (Bas-
tian and Röder, 1998; Muñoz, 1998). 

SUMMARY

Recent trends in landscape dynamics were investigated in vari-
ous forest ecosystems along the Tuxpan river basin (1887.5km2; 
620-3640masl) in the State of Michoacan, Mexico. Landscape 
maps were developed from the interpretation, in GIS-ILWIS ver. 
3.0, of land covers corresponding to four different dates (1976-
2000), and the typology was based on origin vegetation, physi-
ognomic development and permanence of the land-use distur-
bance. Maps were cross-related and calculations were derived on 
surfaces, percent change and mean annual transformation rate, 
and transition matrices were obtained so as to identify the main 
change processes. In order to explain the distribution of land-
scape-dynamics patterns, a landscape geography method was ap-
plied using relief units and potential vegetation as the bases for 

determining landscape systems. The study area comprises three 
landscape-dynamics patterns: i. fir forest in high volcanic peaks 
(>3100masl), highly preserved but showing a trend towards an 
increase in traditional agriculture and deforestation; ii. pine-oak 
forests in volcanic slopes and peaks (1900-3100masl) and tropi-
cal dry forest on sedimentary basement (<1700masl) showing a 
high deforestation and heavy use, with a trend towards abandon-
ment of crops, expansion of shrublands/grasslands and scarce 
forest regeneration; and iii. pine-oak forest in low volcanic 
slopes (1700-2600) with the highest inherited modifications and 
a trend towards land-use intensification in human settlements 
and forest plantations.
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Under this approach, the positive or 
negative direction of the dynamics of a 
landscape system results from the bal-
ance of changes between landscapes 
with different functional significances 
(Bertrand, 1968; Serrão et al., 1996; 
Farina, 1998; Veldkamp and Lambin, 
2001).

On the other hand, in 
the past decades several authors have 
pointed out that land-use change is 
the main mechanism leading the land-
scape-dynamics processes (Gragson, 
1998; Smethurst, 2000; Bocco et al., 
2001; Chávez et al., 2001; Veldkamp 
and Lambin, 2001; Jansky et al., 2002). 
This is of importance because when a 
type of landscape is replaced over time 
by another one, the process involves a 
transformation that may be either posi-
tive or negative in terms of the intensity 
and permanence of the damage associat-
ed to land use. According to Nepstad et 
al. (1991) and Lambin (1997) landscape-
dynamics processes may be either nega-
tive when they are associated to distur-
bance and intensification of damage, or 
positive when related to landscape con-
servation and the (natural) landscape re-
generation capacity.

Study Area

The Tuxpan river basin 
(1887.5km2) is located in the center-
south side of the Trans-Mexican Volca-
nic Belt, which runs across the country 
from east to west along parallel 19°N. 
Its wide altitudinal gradient (3000m) al-
lows the formation of three bioclimatic 
belts that respond to the distribution of 
geological structures: tropical dry for-
est on hills modeled upon a Cretaceous 
sedimentary basement (<1700masl), 
pine-oak forests on Plio-Quaternary vol-
canic slopes and the Tuxpan river allu-
vial plain (1700-3100masl), and pure fir 
forests in the peaks of the main moun-
tain ranges (>3100masl).

At present the popula-
tion (194143) is distributed in 167 vil-
lages and towns devoted to cultivation 
and cattle raising. Agricultural expan-
sion affects the sedimentary hills and 
volcanic piedmonts, so that the for-
est area has retreated to the slopes and 
peaks of volcanic complexes (Figure 1). 
However, there are no previous studies 
clarifying the direction and rhythm of 
land-use changes, their consequences on 
forest-landscape regeneration or the eco-
logical features of recovered areas.

This study aims at as-
sessing the magnitude and direction of 
the recent (1976-2000) landscape dy-
namics and determining the processes 

that control these changes. The working 
hypothesis stems from the consideration 
that, in mid-sized mountain areas, the 
formation of different landscape systems 
affected by several biophysical and so-
cioeconomic characteristics, suggests the 
existence of different patterns of land-
scape dynamics led by different stocks 
of change processes.

Methods

Landscape typology and multi-temporal 
cartography

Landscape maps were 
obtained from the interpretation in GIS 
(ILWIS ver. 3.0) of land covers in 1995 
digital orthophotos (scale 1:75000) and 
1976 and 1986 Landsat MSS, 1992 
Landsat TM and 2000 Landsat ETM 
satellite images. Covers were inter-
preted through a “visual” method that 
uses direct, associative and deductive 
techniques to differentiate landscape 
“features” (Enciso, 1990; Mas and 
Ramírez, 1996; Arnold, 1997; Slaymak-
er, 2003; Chuvieco, 2002). The size of 
the minimum cartographical area was 
4ha (Campbell, 1996), and color com-
pounds (red, green and blue) 2,3,4 in 
Landsat MSS, and 3,2,1 (natural color) 
and 4,5,7 (false color) in Landsat TM 
were used for a better differentiation of 
covers. In order to check the informa-
tion and determine the landscape typol-
ogy, we used the classification of land 
use and vegetation of INEGI (1983), 
which provided the most suitable tool 

to allow updating and eventual assess-
ments.

To verify the units and 
identify new classes, diverse indicators 
were reviewed (Slaymaker, 2003) com-
prising digital maps of slopes, altimetry 
and exposition of hillsides. Additionally, 
field inspections and interviews were 
conducted, resulting in 12 landscape 
classes which differ in terms of origin 
(mature vegetation, disturbance or re-
generation) vegetation physiognomic de-
velopment, type and permanence of the 
disturbance associated to land use.

Images were corrected 
geometrically and georeferenced to top-
ographic maps scale 1:50000, through 
the Tie-Points method (Maus, 1996; 
ITC, 2001). Control points were taken 
from the land-cover map (1:50000; 
INEGI, 1983), and the RMSE index, or 
Sigma ≤2 was used to check the pre-
cision (Mas and Ramírez, 1996; ITC, 
2001). In order to verify the image su-
perposition, it was necessary to trace 
segments, over the orthophotos, which 
must not exceed the 30m (1 pixel) of 
the 2000 satellite image. The first in-
terpretation was made over more de-
tailed 1995 orthophotos of the area, 
and the resulting map was used as the 
basis for interpreting satellite images. 
The TM images of 1992 and 2000 have 
better spatial, spectral and radiometric 
resolution, so the interpretation was 
easier with support in the field work 
and sources of edited information. In 
the case of the MSS images of 1976 y 

Figure 1. Location of the Tuxpan river basin, State of Michoacan, Mexico.
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1986, the interpretation was support-
ed with land use and vegetation maps 
(1:50000) from INEGI (1983).

In order to validate 
the classifications, besides the previ-
ous verifications, criteria include the 
interpretation of crown structures of 
plant communities, knowledge of the 
environment of the study area and field 
work, and the support of bibliography 
and cartography in the decision mak-
ing. In addition, 60 sites were set up 
for verification of georeferenced fields 
with GPS technology.

Landscape system cartography

In order to determine 
and explain the landscape-dynamics 
patterns in the study area, a landscape 
classification system was used consist-
ing of two taxonomic units: landscape 
system and landscape subsystem. The 
former is defined by morpho-lithology 
and climate features, that is, variables 
having spatial and temporal widespread 
range (1:50000-1:100000) and consider-
ing, at this scale, a kind of dynamical-
ly stable landscape (Bertrand, 1968).

The subsystem enables 
to distinguish landscapes belonging 
to the same bioclimatic environment 
but differing in morpho-lithology con-
tents, with consequences that affect the 
distribution of the natural resources, 
slope sensibility and land use patterns. 
Both landscape system and subsystem 
maps were obtained from the integra-
tion (in GIS) of two information layers 
(1:50000):

Relief units. The map depicts a synthesis 
of the morpho-lithological and climatic 
aspects conditioning landscape stability 
and sensitivity (Lugo, 1988; Guerrard, 
1993). To elaborate such units, the topo-
graphic patterns associated to different 
lithology types were interpreted in aer-
ial photographs (1:75000; INEGI, 1978; 
Silva, 1979; Palacio, 1985) and the re-
sulting units were analyzed and finally 
regrouped according to altitude, slopes 
and density drainage (Lugo, 1988; Guer-
rard, 1993).

Potential vegetation. The map shows 
the potential distribution of mature 
vegetation types that, at this scale, 
were integrated to the analysis as at-
tributes of the relief units. The inter-
pretation was conducted on the land-
cover map, and in the case of areas 
devoid of mature vegetation, morpho-
lithological, biogeographical and cli-
matic aspects were used, as well as 
land-use patterns of the area (Rze-
dowski, 1988; INEGI, 1983).

Landscape-dynamics trends 
and processes

In order to assess land-
scape-dynamics magnitude and trends 
between the four dates of analysis, cross-
tabulations, in GIS, were conducted be-
tween landscape maps and landscape 
systems, and the databases were exported 
to a statistics software to calculate areas, 
percent changes and mean annual trans-
formation rates (MATR) as percentages 
(modified from Nascimento 1991).

K= 100×[(X1/X0)1/n]-1

where K: mean annual transformation 
rate, X0: landscape cover at the begin-
ning of the period, X1: landscape cover 
at the end of the period, and n: period 
duration.

Transition matrices were 
developed (Ramírez, 2001) resulting 
in 198 types of changes that were then 
grouped (depending the origin, physiog-
nomic development and permanence of 
the disturbance of the landscape classes 
involved in the changing process) into 
two main groups plus 4 variants (Bas-
tian and Röder, 1998). Positive process-
es were conservation (permanence of 
mature forests with scattered crops and 
forest use) and regeneration (conversion 
of a landscape class into another with a 
higher development and stability, in re-
lation to the mature vegetation). Nega-
tive processes were disturbance (conver-
sion of a landscape class into another 
less developed one, in relation to the 
mature vegetation, assuming damage of 
higher intensity and permanence) and 

Figure 2. Landscape structure map (a) including the distribution of landscape classes and groups (b), 
and environmental summary of Landscapes Systems and Subsystems (c).
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intensification (permanence or turnover 
between landscapes with poor natural 
vegetation development and with land 
use other than forest, leading to nega-
tive consequences on landscape regen-
eration capability and stability).

Results 

Landscape dynamics and processes

The Tuxpan river basin 
comprises 12 landscape classes and 4 
groups (Figure 2 and Table I):

Forests with scattered farming and for-
est use. These comprise an area of 
873.6km2 (46% of the study area), with 
675.3km2 corresponding to pine-oak 
forest, followed by tropical dry for-
est (138.1km2), fir forest (50.7km2) and 
cloud mountain forest (9.6km2).

Secondary vegetation under extensive 
use. This comprises an area of 564.7km2 
(30% of the study area), of which sec-
ondary shrublands and induced grass-
lands comprise 381.5km2, followed by 
highly fragmented (100.2km2) and frag-
mented forests (82.9km2).

Cultivated vegetation under intensive/ex-
tensive agro-forest use. The area devot-
ed to agriculture is extensive (404.4km2, 
21% of the study area) and includes tra-
ditional crops (corn, bean, gourd) cul-

tivated in small active and resting (<2 
years) plots (298.7km2), as well as agro-
forest plantations (105.7km2) under irri-
gation production systems.

Areas devoid of vegetation under ex-
tensive/intensive use. These comprise 
46.2km2, including human settlements 
(13.7km2), water bodies (6.5km2), and 
soil/rock areas (26.1km2) correspond-
ing to rock-extraction quarries, active 
alluvial fans and terraces and eroded 
areas.

The mean annual trans-
formation rate (MATR) during 1976-
2000 (Table I), indicates a significant 
expansion of the forest area, from 781.1 
to 873.6km2 (41-46% of the study area), 
mainly due to the expansion of pine-oak 
forests (MATR= 0.4, 0.0 and 2.5 in the 
three periods) from 572.8 to 675.3km2. 
In contrast, the secondary vegetation 
showed an evident retreat, from 674.6 to 
564.7km2 (36-30% of the area), mainly 
due to reduction of fragmented and 
highly fragmented forests (MATR= -2.4 
and -1.7).

Agricultural landscapes 
also showed a slight increase, from 
387.8 to 404.4km2 (21% of the study 
area). However, this data resulted from 
different trends which led to a reduc-
tion in crops area (MATR= -0.1 in the 
latest periods) from 303.4 to 298.7km2, 

while agro-forest plantations underwent 
ups (MATR= 1.0, -0.4 and 3.3 in the 
three periods), from 84.4 to 105.7km2. 
Landscapes devoid of vegetation dis-
played a slight increase, from 44.0 to 
46.2km2 (2% of the study area), due 
to the expansion of human settlements 
(MATR= 2.3, 5.8 and 7.3 in the three 
periods), while soil/rock areas were re-
duced (MATR= -0.7, 0.0 and -3.2), and 
water bodies remained unchanged.

Table I shows the tran-
sition matrix (1976-2000) for 12 land-
scape classes. Intensification was the 
most important process (44% of total 
changes), with water bodies and human 
settlements maintaining 99 and 97% of 
their original area, followed by agro-
forest plantations and crops (86 and 
85%), shrublands/grasslands (82%) and 
highly fragmented forests (60%).

As regards conservation 
processes (710.9km2 and 38% of total 
changes), the cloud mountain forest 
kept 98% of its original area, followed 
by the tropical dry forest (97%), pine-
oak forest (90%) and fir forest (87%). 
Mature pine-oak forest regeneration 
(199.7km2 and 11% of total changes) 
took place from fragmented forests 
(50% of their surface), highly frag-
mented forests (30%) and shrublands/
grasslands (7%). Likewise, shrubland/

TABLE I
MAGNITUDES AND TRENDS IN LANDSCAPE DyNAMICS IN THE STUDy AREA

Landscape Surface (km2) Mean annual transformation rate Landscape transition matrices for the period 1976-2000

1976 1986 1995 2000 76-86 86-95 95-00 76-00 F PO CM TD FF HFF SG AFP C HS SR WB

Mature forests with scattered farming and forest use
F 56.69 56.10 56.10 50.66 -0.1 0.0 -2.0 -0.5 86.5 0.0 0.1 7.5 5.9
PO 572.76 593.23 595.72 675.30 0.4 0.0 2.5 0.7 0.0 89.8 0.0 2.6 0.8 4.6 0.0 1.9 0.0 0.3
CM 9.40 9.59 9.59 9.59 0.2 0.0 0.0 0.1 1.2 98.4 0.2 0.2
TD 142.24 142.28 142.40 138.05 0.0 0.0 -0.6 -0.1 0.0 96.9 0.1 2.9
subtotal 781.09 801.19 803.81 873.59 0.3 0.0 1.7 0.5
% 41.38 42.45 42.59 46.28

Secondary vegetation under extensive use
FF 148.75 127.65 126.66 82.92 -1.5 -0.1 -8.1 -2.4 0.6 49.6 0.1 37.0 0.9 7.8 1.4 2.5 0.1
HFF 151.02 136.04 136.00 100.19 -1.0 0.0 -5.9 -1.7 29.6 2.8 60.3 7.3 0.0
SG 374.77 384.68 384.30 381.54 0.3 0.0 -0.1 0.1 0.2 7.4 0.1 1.2 0.7 82.0 3.5 3.5 0.4 0.9 0.0
subtotal 674.55 648.36 646.96 564.65 -0.4 0.0 -2.7 -0.7
% 35.74 34.35 34.28 29.92

Cultivated vegetation under intensive/extensive agro-forest use
AFP 84.36 92.90 89.94 105.69 1.0 -0.4 3.3 0.9 0.2 0.1 0.0 4.5 85.9 3.4 5.9 0.0
C 303.42 302.10 300.08 298.71 0.0 -0.1 -0.1 -0.1 0.0 4.5 1.3 0.0 5.4 2.5 84.9 0.8 0.6
subtotal 387.78 395.00 390.02 404.40 0.2 -0.1 0.7 0.2
% 20.55 20.93 20.66 21.43

Areas devoid of vegetation under extensive/intensive use
HS 4.63 5.82 9.64 13.70 2.3 5.8 7.3 4.6 2.0 0.9 97.2
SR 32.94 30.60 30.60 26.07 -0.7 0.0 -3.2 -1.0 1.1 1.0 3.3 18.2 18.3 0.2 58.0
WB 6.47 6.47 6.47 6.45 0.0 0.0 -0.1 0.0 0.3 0.6 99.1
subtotal 44.03 42.89 46.71 46.22 -0.3 1.0 -0.2 0.2
% 2.33 2.27 2.47 2.45
total 1887.45 1887.45 1887.45 1887.45

F: Fir forest, PO: Pine-oak forest, CM: Cloud mountain forest, TD: Tropical dry forest, FF: Fragmented forest, HFF: Highly fragmented forest, SG: Shrub-
lands / Induced grasslands, AFP: Agro-forest plantations, C: Crops, HS: Human settlement, SR: Soil / rock areas, WB: Water bodies.
The mean annual transformation rates (MATR) were taken from Nascimento ś formula (1991), multiplied by 100 to obtain percentages. the landscape tran-
sition matrices were calculated on percentage of the initial surface in each case. 
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grassland regeneration resulted from 
agro-forest plantations (5% of their 
surface area) and crops (5%) abandon-
ment. Disturbance was less significant 
(140.9km2 and 8% of total changes), 
and was due to the expansion of shrub-
lands/grasslands over fragmented for-
ests (8% of their surface), fir forests 
(8%), highly fragmented forests (7%) 
and pine-oak forests (5%). Further-
more, cultivated land expansion af-
fected fir forests (6%) and shrublands/
grasslands (4%).

Landscape systems

The relief units and 
potential vegetation maps enabled to 
determine the distribution area of 3 
landscape systems and 3 subsystems 
(Figure 2):

Landscape system of fir forest in high 
volcanic peaks (S1). In the basin high-
lands (3% of study area) altitude ex-

ceeds 3100masl and is associated to a 
moderately cold (0-18°C) and sub-humid 
(800-900mm) climate with summer rain-
fall –C(E)(w2)(w) (García, 2004). The 
potential vegetation is fir forest (Abies 
religiosa) with scattered Pinus, Quercus 
and Cupressus trees. The slope’s abrupt 
morphology (slopes of up to 30°), mod-
eled upon volcanic tuffs and brecchias 
of Plio-Quaternary andesites, accentu-
ate the risk from runoff and soil erosion 
(Price, 1998).

Landscape system of pine-oak forest in 
volcanic slopes and peaks (S2). Some 
low volcanic peaks and slopes (83% 
of total) are distributed between 1700 
and 3100masl, leading to a temperate 
and sub-humid climate with summer 
rainfall –C(w2)(w) (García, 2004). The 
pine-oak forest is the potential vegeta-
tion, formed by “casimbo” pine com-
munities (Pinus pseudostrobus) along 
with Juniperus and Quercus trees. The 

morphological diversity of slopes in-
f luences the resource distribution and 
the system’s sensitivity to disturbance, 
resulting in three landscape subsys-
tems.

Landscape subsystem of pine-oak for-
est in volcanic peaks (S2a). The S2 
peaks (2300-2900masl and 10% of the 
study area) correspond to a volcanic 
complex delimited by Oligo-Miocene 
ignimbrite domes. The heavily erod-
ed dome slopes (30°) continue with 
extensive and stable hills and cine-
ritic plains in the central portion (3° 
slope).

Landscape subsystem of pine-oak for-
est in high volcanic slopes (S2b) . 
Plio-Quaternary vulcanoclastic pied-
monts bordering the main S1 and S2a 
peaks are located between 1900 and 
2900masl, although they reach 3100m 
in the slopes connecting with S1. The 
differences in height and the terrain 
slope (>45°) increase the lithological 
basement sensitivity (volcanic tuffs 
and brecchias), evidenced as an in-
tense soil erosion, a high drainage 
density and gravitational events.

Landscape subsystem of pine-oak for-
est in low volcanic slopes (S2c) . The 
bottom of the north half of the basin 
(1700-2600masl) comprises the base of 
volcanic piedmonts (26% of the study 
area), partially covered by basaltic 
spills and Quaternary cineritic cones, 
and by the Tuxpan river’s narrow allu-
vial plain. The morphology consists in 
plains and gently sloping hills (0-15°), 
although some cineritic cones reach up 
to 3100masl, being affected by intense 
soil erosion and gullying.

Landscape system of tropical dry for-
est in sedimentary basement (S3). In 
the basin’s southern sector (15% of the 
study area) there are limestone, con-
glomerate and schist outcrops plicated 
and faulted since the Tertiary. The ma-
jor relief element is the deep V-shaped 
Tuxpan river valley (up to 500m level 
drop and 45° slope), with hills and 
some basaltic mesas upon S2 lava flows. 
Altitude (620-1700masl) allows a mod-
erately warm (12-33°C) and sub-humid 
climate, with an irregular rainfall dis-
tribution (800-900mm in 3 to 4 summer 
months) -(A)C(w1)(w) (García, 2004). 
The tropical dry forest forms communi-
ties with high plant diversity and ende-
misms (60% of the rainforest species; 
Trejo and Dirzo, 2000), where low trees 
(8-12m) predominate, along with some 
temperate-forest elements and other life 
forms (Rzedowski, 1988).

TABLE II
STRUCTURE OF LANDSCAPE SySTEMS/SUBSySTEMS

Clases 1976 1986 1995 2000 % Clases 1976 1986 1995 2000 %

Fir forest in high volcanic peaks (S1)  Pine-oak forest in volcanic peaks (S2a)  

F 25.99 26.07 26.07 25.15 52.68 FF 3.81 3.81 3.81 3.85 1.90
PO 15.10 15.36 14.79 15.25 31.94 PO 76.48 87.12 88.65 110.97 54.86
FF 3.66 2.76 2.76 2.76 5.78 FF 45.72 28.79 27.95 12.44 6.15
SG 1.03 0.77 1.34 1.29 2.70 HFF 0.48 0.16 0.94 1.91 0.94
C 1.96 2.78 2.78 3.29 6.89 SG 69.69 76.22 74.75 65.30 32.28

C 0.00 0.00 0.00 1.41 0.70
HS 0.20 0.30 0.30 0.62 0.30
SR 0.14 0.14 0.14 0.04 0.02
WB 5.75 5.75 5.75 5.74 2.84

Pine-oak forest in volcanic slopes and peaks (S2) Pine-oak forest in high volcanic slopes (S2b)

F 30.76 30.11 30.11 25.52 1.64 FF 13.84 13.34 13.34 12.51 1.44
PO 557.79 577.81 580.90 659.74 42.34 PO 380.27 393.24 393.40 437.44 50.27
CM 9.39 9.57 9.57 9.57 0.61 CM 9.39 9.57 9.57 9.57 1.10
TD 2.94 2.94 3.06 1.71 0.11 TD 0.16 0.16 0.16 0.16 0.02
FF 144.13 123.85 122.86 79.10 5.08 FF 75.51 72.12 72.08 55.01 6.32
HFF 145.78 130.92 130.90 95.14 6.11 HFF 143.75 126.82 126.02 92.31 10.61
SG 258.33 268.45 267.54 265.28 17.03 SG 135.31 140.02 141.03 145.54 16.73
AFP 69.61 78.14 75.07 87.99 5.65 AFP 8.92 9.95 9.88 8.95 1.03
C 298.14 296.01 294.02 291.25 18.69 C 91.74 92.38 91.78 92.43 10.62
HS 4.44 5.66 9.47 13.53 0.87 HS 0.67 1.06 1.39 2.78 0.32
SR 30.21 28.06 27.95 22.73 1.46 SR 10.30 11.19 11.19 13.16 1.51
WB 6.50 6.50 6.50 6.47 0.42 WB 0.33 0.33 0.33 0.30 0.03

Tropical dry forest in sedimentary basement (S3)
Pine-oak forest in low volcanic slopes (S2c)

FF 13.12 12.96 12.96 9.16 1.89
PO 0.07 0.17 0.17 0.17 0.06 PO 101.04 97.45 98.85 111.33 22.93
TD 139.27 139.30 139.30 136.31 48.39 TD 2.78 2.78 2.90 1.55 0.32
FF 1.03 1.03 1.03 1.03 0.37 FF 22.90 22.95 22.84 11.65 2.40
HFF 5.23 5.12 5.12 5.13 1.82 HFF 1.55 3.94 3.94 0.91 0.19
SG 115.27 115.47 115.40 115.00 40.82 SG 53.33 52.22 51.76 54.43 11.21
AFP 14.83 14.76 14.76 17.75 6.30 AFP 60.69 68.19 65.19 79.04 16.28
C 3.12 3.15 3.12 2.85 1.01 C 206.40 203.63 202.24 197.40 40.65
HS 0.17 0.14 0.14 0.14 0.05 HS 3.57 4.31 7.78 10.14 2.09
SR 2.71 2.56 2.66 3.32 1.18 SR 19.78 16.73 16.62 9.53 1.96

WB 0.42 0.42 0.42 0.42 0.09

The areas (km2) are calculated for 1976/1986/1995/2000. Landscape classes: fir forest (F), pine-oak 
forest (PO), cloud mountain forest (CM), tropical dry forest (TD), fragmented forest (FF), high frag-
mented forest (HFF), shrubland/grassland (SG), agro-forest plantation (AFP), crops (C), human settle-
ment (HS), soil/rock areas (SR) and water bodies (WB).
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Landscape-
dynamics variability 
between landscape
systems

Figure 2 and 
Table II show 
the structure and 
dynamics (1976-
2000) in land-
scape systems. 
As expected, the 
fir forest in vol-
canic peaks (S1, 
>3100masl) has 
the less diverse 
landscape pattern 
(five landscape 
classes), compris-
ing extensive ar-
eas of mature for-
est (85% of study 
area), small farm-
ing plots (7%) and 
scattered shrub-
lands /grasslands 
(3%).

In contrast, 
the pine-oak for-
est in volcanic 
slopes and peaks 
(S2) has a highly 
diverse landscape 
pattern (12 land-
scape classes). 
Although mature 
forests form the 
landscape matrix 
(45% of study 
area), this is con-
siderably frag-
mented by crops 
(19%) and shrub-
lands /grasslands 
(17%). Of the 
three landscape 
subsystems form-
ing S2, the high 
volcanic slopes 
(S2b) displayed the highest similarity 
with the general pattern. There, the in-
stability derived from topography and 
altitude fosters extensive mature for-
ests (53%), scarce distribution of crops 
(11%), high abandonment and shrub-
land/grassland regeneration (17%) and 
highly fragmented forests (11%). In 
volcanic peaks (S2a) the landscape pat-
tern includes a lower diversity (9 land-
scape classes) and with prevalence of 
grasslands (32%) distributed in large 
areas of plains and low piedmonts. 
Mature forests (57%) and fragmented 
and highly fragmented forests (7%) 
are noticeably restricted inside volca-
nic domes. In contrast, in low volcanic 

slopes (S2c) a highly diverse farming 
pattern prevails (11 landscape classes), 
with predominance of crops (41%) and 
agro-forest plantations (16%) at the ex-
pense of the reduced mature forest area 
(25%).

For its part, the landscape pattern of 
tropical dry forest in sedimentary base-
ment (S3) is diverse (9 landscape class-
es) but with scarce forest surface (48%). 
The biophysical limitations derived from 
drought (9 months per year) plus heavy 
rainfall lead to alternating erosion, re-
flected as scarce development of crops 
(1%) and agro-forest plantations (6%), 
contrasting with the expansion of shrub-
lands/grasslands (41%).

During 1976-2000 the 
higher increase in forest surface ben-
efited S2 (MATR= 0.4, 1.0 and 2.6 in 
the three periods; Figure 3). This ad-
vance was due to different trends be-
tween the three S2 landscape subsys-
tems. While S2a attained important 
benefits (MATR= 1.3, 0.2 and 4.6), 
expanding from 76.5 to 110.0km2 of 
the forest area, S2b underwent lower 
growth rates but that nevertheless af-
fected a more extensive area, from 
380.3 to 437.4km2. S2c displayed a 
discrete recovery, which rose since 
the third period (MATR= 2.4).

The secondary veg-
etation showed various trends. While 
shrublands/grasslands displayed a sta-
ble behavior (MATR= 0.1), fragmented 
and highly fragmented forests retreat-
ed (MATR= -2.5 and -1.8), mostly S2a 
and S2c fragmented forests (MATR= -
5.3 and -2.8) and the S2b highly frag-
mented forest (MATR= -1.8). To note, 
in contrast with the decline in crops 
(MATR for S2c= -0.1, 0.2 and -0.2), 
forest plantations showed a positive 
trend (MATR= 1.1). Likewise, the sys-
tem underwent an expansion of human 
settlements (MATR= 0.5, 5.9 and 7.4) 
along with a reduction in S2a and S2c 
areas with soil/rocks (MATR= -4.7 
and -3.0).

Unexpectedly, S1 
showed a retreat in mature and frag-
mented forests (MATR= -0.1 and 
-1.2). Besides, the small cultivated 
land was very dynamic (MATR= 
2.2) by having a 68% increase, simi-
larly to shrublands and grasslands 
(MATR= 1.0), which underwent a 
26% growth. S3 also showed a stable 
behavior, with slight retreats in both 
the forest area (MATR= -0.4 in the 
latest period) and highly fragmented 

Figure 3. Mean annual transformation rates (MATR) for the periods 76-86/86-95/95-
00/76-00 at landscape system/subsystem level. Landscape classes: fir forest (F), pine-
oak forest (PO), cloud mountain forest (CM), tropical dry forest (TD), fragmented forest 
(FF), high fragmented forest (HFF), shrubland/grassland (SG), agro-forest plantation 
(AFP), crops (C), human settlement (HS), soil/rock areas (SR) and water bodies (WB).

Figure 4. Main change processes of landscape 
dynamics calculated for the period 1976-2000, 
and six landscape systems/subsystems: fir for-
est in high volcanic peaks (S1), pine-oak forest 
in volcanic slopes and peaks (S2), pine-oak for-
est in volcanic peaks (S2a), pine-oak forest in 
high volcanic slopes (S2b), pine-oak forest in low 
volcanic slopes (S2c), and tropical dry forest in 
sedimentary basement (S3). Data are given in 
percentage of the initial surface in each case.
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forests (MATR= -0.2 in the first pe-
riod). Despite the reduction of crops 
(MATR= -0.4), agro-forest plantations 
showed a positive trend (MATR= 0.8), 
rising from 14.8 to 17.8km2. Landscapes 
related with intensive land uses were af-
fected by the reduction of human settle-
ments (MATR= -0.7).

Figure 4 shows the 
main change processes of landscape 
dynamics (1976-2000) for the six land-
scape systems. The results reveal that 
S2c showed the most unfavorable situ-
ation due to a low conservation (20% 
of total changes) plus high intensifica-
tion (60%) and disturbance (10%). The 
situation of S3 is similar, as conserva-
tion was lower than intensification pro-
cesses (48 and 50%, respectively), while 
regeneration and disturbance were non-
significant (0.2 and 1.5%). In S2a and 
S2b, conservation processes prevailed 
(36 and 42%, respectively) over inten-
sification (32 and 38%), as did the re-
generation process (23 and 12%) over 
disturbance (10 and 8%). In contrast, 
S1 displayed the most favorable situa-
tion, with an evident predominance of 
conservation (81%) over intensification 
(10%) and disturbance (5%).

Discussion 

Contrasting with other 
authors that report high deforestation 
areas in the country (Carabias, 1990; 
Masera et al., 1997; SEMARNAP, 1997; 
Ochoa and González, 2000; Bocco et 
al., 2001; Galicia and García-Romero, 
2007), the study area displayed a posi-
tive overall landscape dynamics and al-
lowed the expansion of the forest area 
(162.58km2) at a rate (MATR value) of 
0.09.

The explanation of this 
finding is complex, due to the balance 
between negative (51% of total) and 
positive (49%) processes, as well a non-
significant agricultural landscape growth 
(from 20.5 to 21.4%) and stability of 
landscapes associated to intensive uses 
(2%). However, the data variability be-
tween the six landscape systems showed 
clear differences in the direction and 
rhythm of landscape dynamics, enabling 
to determine the existence of three be-
havioral patterns:

Fir forest in high volcanic peaks un-
der conservation status. The instability 
caused by the high topographic and al-
titudinal gradients at >3100masl (Guer-
rard, 1993; Smethurst, 2000; Bocco et 
al., 2001; Jansky et al., 2002), added 
to the legal restrictions imposed by the 
Monarca Butterfly Biosphere Reserve 

(Giménez de Azcárate et al., 2003) re-
strain accessibility and farming develop-
ment, while favoring the expansion of 
the forest area (85% of its surface).

This is important since, 
according to Farina (1998) and Galicia 
and García-Romero (2007), the land-
scape matrix exerts a significant control 
on the system’s dynamics, leading to 
high conservation (81% of total changes 
in this system) and low intensification 
(10%). Despite this favorable situation, 
the recent landscape dynamics showed a 
trend towards cultivated land expansion 
(MATR= 2.2) and clandestine fir (Abies 
religiosa) clearing (Rzedowski, 1988; 
Ramírez, 2001; Works and Hadley, 
2004). The disturbance surface area was 
higher than the regeneration area (5 and 
4%, respectively) even affecting frag-
mented forests (MATR= -1.2) that up 
to now have been key for the system’s 
stability and resilience, reflecting, as in 
other areas of Mexico, the lack of gov-
ernment programs interested in reducing 
the effects of corruption on forest land 
use (Works and Hadley, 2004).

Landscape systems under intensifica-
tion-conservation status. Pine-oak fo-
rests in volcanic peaks (S2a) and in 
high volcanic slopes (S2b), and the 
tropical dry forest in sedimentary base-
ment (S3), representing 71% of the 
study area, are characterized by a long 
history of land-use expansion and di-
versification (Bocco et al., 2001). Thus, 
by the early 1970s the inherited defor-
estation had reduced the forest area of 
the three systems to less than half their 
total surfaces (39.7, 6.4 and 49.5% for 
S2a, S2b and S3, respectively), result-
ing in a reduction of conservation (35.7, 
42.1 and 48.4%) similar to the intensifi-
cation area (31.7, 38.2 and 49.9%).

However, the three 
systems displayed a positive landscape 
dynamics. For example, regeneration 
surpassed disturbance in S2a (23 and 
10% of total changes) and S2b (12 and 
8%), enabling the expansion of mature 
forests (MATR= 1.6 and 0.6). The ex-
planation is complex and is related to 
the drop of corn prices and the lack of 
farming development and subsidies (To-
ledo et al., 1989; Ochoa and González, 
2000) that resulted in increased pover-
ty, social margination and vulnerability 
(Rzedowski, 1988; Serrão et al., 1996; 
Byers, 2000; Giménez de Azcárate et 
al., 2003), and also affected the fre-
quency and duration of abandonment 
periods (Bocco et al., 2001).

In contrast to other ar-
eas (Vitousek et al., 1981; Pimm, 1999; 
Tasser and Tappeiner, 2002; Kristensen 

et al., 2003), the expansion of shrub-
lands/grasslands (S2b MATR= 0.3) does 
not represent a higher regeneration and 
resilience of disturbed systems. For ex-
ample, in S2b 24% of forest-plantation 
land shifted to shrubland/grassland, but 
only 2% led to the regeneration of frag-
mented forests, affecting mostly steep 
slopes that, in theory, should be dedi-
cated to forest management and con-
servation (Bocco et al., 2001). In these 
areas, the active exchange between cul-
tivated land and shrubland/grassland has 
led to a higher landscape heterogene-
ity and instability (Burgos and Maass, 
2004). Even in S3, where disturbance 
and regeneration exerted only a slight 
control on landscape dynamics (0.2 and 
1.5% of total changes in these systems, 
respectively), this may suggest that the 
levels of heterogeneity and damage have 
remained unchanged for a long time.

This situation suggests 
grave perspectives, since during the 
study period the regeneration of mature 
forests occurred mainly in fragmented 
and highly fragmented forests (68% 
and 46% of their surface in S2a), which 
have not benefited from farming aban-
donment (MATR of fragmented for-
ests in S2a= -5.3 and in S2b= -1.3). It 
is worth noting that, in general, forest 
management comprises clearing and/or 
selective cultivation of a few species, 
restraining an integral resource manage-
ment. For example, in S2a resin produc-
tion and timber in sawmills (heartwood) 
favors “lacio” pine (Pinus michoacana) 
and “chinese” pine (P. leiophylla) plan-
tations (Works and Hadley, 2004), af-
fecting other native species, such as the 
“casimbo” pine (P. pseudostrobus).

Pine-oak forest in low volcanic slopes 
under intensification-disturbance status 
(S2c). The landscape pattern is similar 
to the flat bottoms of the large alluvial 
basins of central Mexico, characterized 
(Rzedowski, 1988; Bocco et al., 2001; 
Ramírez, 2001) by a noticeable histori-
cal development of human settlements, 
cultivated land (40% of its surface) and 
agro-forest plantations (16%). Pine-oak 
deforestation has been so intense (23% 
of its surface in 2000) that the remain-
ing communities appear restricted to the 
interior of cineritic cones and are domi-
nated by non-commercial oak species 
(Works and Hadley, 2004).

As expected, intensifi-
cation was the most important process 
(60.4% of total changes in this system), 
while conservation had the lowest figure 
in the basin (20.0%). However, the re-
cent landscape dynamics shows a slight 
decline in cultivation (MATR= -0.2) 
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along with an expansion of the forest 
area (MATR= 0.4) at the expense of an-
cient fragmented forests (54% of its sur-
face) and shrublands/grasslands (11%). 
The cultivated field abandonment is ex-
plained on similar grounds as above for 
other systems, adding in this case the 
effect of heavy environmental imbal-
ances due to gullying upon weathered 
volcanic ashes. This situation contrasts 
with the expansion of agro-forest plan-
tations (MATR= 1.1) dedicated to pro-
duction for regional commerce (Chávez 
et al., 2001), which accounts for the 
predominance of disturbance upon for-
est regeneration (10 and 9%).

Conclusions

The recent landscape 
dynamics shows that the six landscape 
systems respond to three behavior pat-
terns. The fir forest in high volcanic 
peaks (>3100masl) is characterized by 
high conservation, but shows a trend to-
wards increasing traditional agriculture 
and permanence of deforestation, pro-
moted by high and hard-to-access areas 
which favor clandestine activities. The 
pine-oak forests in volcanic slopes and 
peaks (1700-3100masl) and the tropi-
cal dry forest in sedimentary basement 
(<1700masl) show high deforestation 
and use intensification, but also a trend 
towards abandonment of traditional ag-
riculture, expansion of shrublands/grass-
lands, and scarce forest regeneration. 
The pine-oak forest in low volcanic 
slopes (1700–2600masl) shows the high-
est inherited transformation and displays 
a trend towards intensification of land 
use in human settlements and forest 
plantations.

The agricultural expan-
sion that affected mostly the landscape 
systems of pine-oak forest and tropical 
dry forest (S2 and S3) took place prior 
to the study period. The trends observed 
over the past three decades show the in-
tensification of a large area dedicated 
to agriculture, but with a trend towards 
predominance of positive change pro-
cesses (conservation and regeneration) 
compared with negative processes (dis-
turbance and intensification), particu-
larly in the case of the regeneration of 
fragmented forests into mature forests.

However, today the re-
generation of secondary and mature 
forests from shrublands/grasslands is 
a hard-to-complete process, due to the 
high risk of reactivation of land use 
for agriculture and cattle raising, which 
jeopardizes the current positive trends. 
Finally, it is worth noting that, in view 
of the decline of traditional agriculture, 

the supply of infrastructure into the re-
gion has led to the intensification and 
expansion of irrigated crops and human 
settlements, mainly in alluvial plains 
having soil, water and communication 
availability.
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CAMBIOS RECIENTES DE LA DINÁMICA DEL PAISAJE EN TIERRAS ALTAS DEL TRóPICO, CENTRO DE 
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RESUMEN

saje que utiliza las unidades del relieve y la vegetación potencial 
para determinar sistemas de paisajes. El área comprende 3 patro-
nes de dinámica del paisaje: i. abetal de altas cumbres volcánicas 
(>3100msnm) con alta conservación, pero tendencia al incremento 
del cultivo tradicional y la deforestación; ii. bosques de pino-encino 
de cumbres y de laderas volcánicas altas (1900-3100) y selva baja 
caducifolia del basamento sedimentario (<1700) con alta defores-
tación e intensificación del uso, pero tendencia al abandono del 
cultivo y expansión de la vegetación secundaria; y iii. bosque de 
pino-encino de laderas volcánicas bajas (1700-2600) con la mayor 
transformación heredada y tendencia a la intensificación del uso del 
suelo en asentamientos humanos y plantaciones forestales.

Se estudiaron las tendencias recientes de la dinámica del paisa-
je en distintos ecosistemas forestales de la cuenca del río Tuxpan 
(1887,5km2 y 620-3640msnm), en el estado de Michoacán, México. 
Los mapas de paisajes se obtuvieron a partir de la interpretación, 
en SIG-ILWIS ver. 3.0, de las coberturas del suelo en cuatro fechas 
(1976-2000). Para la tipología se consideró el origen, desarrollo 
fisonómico de la vegetación y permanencia del disturbio asociado 
al uso del suelo. Los mapas se cruzaron entre sí, se calcularon su-
perficies, porcentajes de cambio e índices de transformación media 
anual y se elaboraron matrices de transición para identificar los 
principales procesos de cambio. Para explicar la distribución de la 
dinámica del paisaje se aplicó un método de la geografía del pai-
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RESUMO

evo e a vegetação potencial para determinar sistemas de paisa-
gens. A área compreende três padrões de dinâmica da paisagem: 
i. abetal de altos cumes vulcânicos (>3100msnm) com alta con-
servação, mas tendência ao incremento do cultivo tradicional e 
ao desflorestamento; ii. bosques de pinho-encino de cumes e de 
ladeiras vulcânicas altas (1900-3100) e selva baixa caducifólia 
do basamento sedimentário (<1700) com alto desflorestamento 
e intensificação do uso, mas tendência ao abandono do cultivo e 
expansão da vegetação secundária; e iii. bosque de pinho-encino 
de ladeiras vulcânicas baixas (1700-2600) com a maior trans-
formação herdada e tendência à intensificação do uso do solo 
em assentamentos humanos e plantações florestais.

Estudaram-se as tendências recentes da dinâmica da paisa-
gem em distintos ecossistemas florestais da bacia do rio Tuxpan 
(1887,5km2 e 620-3640msnm), no estado de Michoacán, México. 
Os mapas de paisagens se obtiveram a partir da interpretação, 
em SIG-ILWIS ver. 3.0, das coberturas do solo em quatro datas 
(1976-2000). Para a tipologia se considerou a origem, o desen-
volvimento fisionômico da vegetação e a permanência do distúr-
bio associado ao uso do solo. Os mapas se cruzaram entre si, 
se calcularam superfícies, porcentagens de mudança e índices de 
transformação média anual; foram elaboradas matrizes de tran-
sição para identificar os principais processos de mudança. Para 
explicar a distribuição da dinâmica da paisagem se aplicou um 
método da geografia da paisagem que utiliza as unidades de rel-


