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ABSTRACT / The impacts of land use and land cover (LULC)
change in buffer zones surrounding protected ecological
reserves have important implications for the management
and conservation of these protected areas. This study
examines the spatial and temporal patterns of LULC change
along the boundary of Rio Abiseo National Park in the
Northern Peruvian Andes. Landscape change within four
ecological zones was evaluated based on trends expected to

occur between 1987 and 2001. Landsat TM and ETM imag-
ery were used to produce LULC classification maps for both
years using a hybrid supervised/unsupervised approach.
LULC changes were measured using landscape metrics and
from-to change maps created by post-classification change
detection. Contrary to expectations, tropical upper wet
montane forest increased despite being threatened by hu-
man-induced fires and cattle grazing of the highland grass-
lands inside the park. Within the park's buffer zone, tropical
moist forest remnants were fragmented into more numerous
and smaller patches between 1987 and 2001; this was in part
due to conversion into agricultural land. The methods used in
this study provide an effective way to monitor LULC change
detection and support the management of protected areas
and their surrounding environments.

Land use has been recognized as one of the major
drivers of global change in biodiversity over the past
several decades (Sala and others 2000; Hansen and
others 2004). Over this same period, protected areas
have expanded globally in order to conserve biological
and cultural resources (Rodrı́guez and Young 2000;
Chape and others 2003; Zimmerer and others 2004). It
is recognized that protected areas are effective in pro-
tecting some kinds of biodiversity (Bruner and others
2001) although extinction of native species still occurs
inside reserves (Woodroffe and Ginsberg 1998). In
addition, land use/land cover (LULC) change sur-
rounding a reserve can reduce its conservation capac-
ity, and loss of biodiversity inside a protected area may
be attributed to the size or isolation of the reserve
(Baker 1989; 1992; Hansen and Rotella 2001; Hansen
and others 2004; DeFries and others 2005). Buffer
zones with limited or restricted land use have been
suggested as a management strategy to reduce the
influence of surrounding land-use activity on biodi-
versity within the protected area (Schonewald-Cox and
Bayless 1986; Schonewald-Cox 1988; Byers 2000;
Lynagh and Urich 2002).

Human-driven change occurs along trajectories of
land use change proceeding from wildlands to a com-
pletely developed or urban stage (Hansen and others
2004). These landscapes may be undergoing multiple
phases of transition or reversals resulting in a mosaic of
native habitat remnants, agriculture, and urban envi-
ronments. These land-use changes can result in loss of
biodiversity due to homogenization of vegetation types
(Flather and others 1998), susceptibility to edge effects
where habitat fragmentation has occurred (Laurance
and others 2001; Harper and others 2005), or an in-
crease in the degree of human activity such as hunting,
logging, grazing, or agriculture (Brashares and others
2001). Causes of landscape change and conservation
strategies to protect biodiversity will vary, but it is
apparent that economic, political, and conservation
forces at local, national, and global scales are drivers of
land cover change (Homewood and others 2001; Jokisch
and Lair 2003) and influence the designation and
management of protected areas (Zimmerer and others
2004; Bonta 2005).

Much attention has been paid to LULC change
within the lowlands of the Amazon basin (e.g., Skole
and Tucker 1993; Alves and others 1999; Evans and
others 2001), while relatively little attention has been
paid to the Andes, though they are recognized as
globally important for biological diversity (Stotz and
others 1996; Young and León 1999; 2000; Rodrı́guez
and Young 2000). In the tropical Andes, landscapes
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have been profoundly shaped by millennia-old land
use practices (Gade 1973; Young 1998; Sarmiento
2003), and the role of humans in adding to, reduc-
ing, or maintaining that diversity will, therefore, be a
central issue in terms of conservation goals and
practices in this region. People living within the
buffer zone of a protected area could change the
frequency and type of disturbances and thus alter
disturbance regimes and associated vegetation types.
However, little research has been done to evaluate
the nature and consequences of human-induced
LULC change on protected areas in this region. In-
deed, few monitoring tools are available to detect
when and where change may be important.

A change detection and landscape pattern metric
study was conducted to evaluate the implications of
LULC change along the boundary of Rio Abiseo Na-
tional Park, located in the northern Peruvian Andes
Figure 1. Several years after the park’s establishment
in 1983; Young (1993a) obtained information on the
vegetation types and land use systems within the dis-
trict of Pataz, which is located inside the western
buffer zone of the park. He delineated four ecological
zones across the cordillera where the park and human
settlements are located, and provided descriptions of
land use and vegetation types for each zone. Before
the change detection of the current study was con-
ducted, certain expected landscape changes were
predicted (Table 1). It was expected that fires set by
humans would inhibit growth of wet montane forest
inside the park and expansion of agriculture would
result in fragmentation of moist montane forest
remnants, resulting in a loss of cover of these native
but unprotected habitats.

Analysis and monitoring of the rates and conse-
quences of land-use change has been facilitated by sa-
tellite-based remote sensing (Skole and Tucker 1993;
Jensen 1996; Hansen and others 2004; DeFries and
others 2005), and information about land cover can
serve as a proxy to evaluate effects on biodiversity based
on knowledge of habitat preferences (Turner and
others 2003). In this study, Landsat TM and ETM sa-
tellite imagery from 1987 and 2001 were acquired to
monitor the status of landscape change along the
boundary of the park several years after it became
established. The analysis was done by (1) collecting
field data in 2001, (2) performing from-to change
detection of LULC classifications of the study area for
1987 and 2001, (3) evaluating LULC change within the
study area and by ecological zone, and (4) measuring
changes in the extent and configuration of cover types
using landscape metrics.
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Study Area

The �214,090-ha study area straddles the north-
south oriented Eastern Cordillera of the northern
Peruvian Andes extending from 7� 40¢¢ 36¢S to 8� 05¢¢
31¢S and 77� 41¢¢ 07¢W to 77� 16¢¢ 24¢W (Figure 1). The
area includes the western portion of Rio Abiseo Na-
tional Park, which encompasses the upper section of
the Huallaga River watershed, and the districts of Pat-
az, Pias, and Parcoy, which comprise the park’s western
buffer zone where several towns and rural communities
are located. Topography varies markedly on both sides
of the cordillera with elevation ranging from �1100 to
4500 m.

The area is divided into ecological zones varying by
elevation, climate, and vegetation. From east to west,
the open tropical dry forest (1100–2300 m), the trop-
ical moist montane (2300–3600 m), and the highland
Puna grassland (3500–4500 m) zones extend across the
western slopes of the cordillera. The Puna zone covers
the formerly glaciated valleys and peaks of the upper
cordillera and extends across and down the eastern
side of the cordillera to �3700 m, transitioning into
isolated forest patches and treeline, which marks the
boundary of the wet montane forest zone below
3300 m (Young 1993a).

Humidity provinces of the Holdridge life zone sys-
tem are dry (400 to 700 mm/yr), moist (700 to 1100
mm/yr), wet (1100 to 2200 mm/yr), and rain (>2200
mm/yr) (Holdridge 1967). There is an east to west
directionality to precipitation; the leeward Marañon
valley on the west side of the cordillera receives little
precipitation from easterly tradewinds bringing mois-
ture from the Amazon basin. The length of the dry
season in the tropical dry forest zone is 8–10 mo/yr
(May–January) and 3–5 mo/yr in the moist montane
zone (June–October). Average daily minimum and
maximum temperatures during the dry season are 25�
and 33�C at �1100 m, and 15� and 25�C at �2700 m,
respectively. Minimums and maximums are cooler,
around 10� and 15�C, respectively, during the wet
season (Young and León 1999).

On the eastern slopes of the cordillera, prevailing
tradewinds, convection, and orographic uplift cause
the formation of rain clouds over the tropical wet
montane forest inside the park and the dry season is
less than 1 mo/yr during the months of May through
October. These forests are often exposed to severe
weather during the rainy season when windstorms are
common. Hail and frost occur above treeline and frost
is especially likely during the dry season when skies are
clear at night (Young 1993a). Mean annual tempera-
tures range from 7� to 15�C in the upper montane

forest belt (2500–3300 m) and from 15� to 19�C in the
lower montane forest belt (1500–2500 m) (APECO
1999).

Land Use and Land Cover by Zone

The tropical dry forest zone includes scrub and
cactus vegetation, along with a tall deciduous tree,
Eriotheca discolor (Bombacaceae). Extensive stands of
dry tropical forest are still relatively intact because
agriculture is largely limited to irrigated sites around
tributary outlets draining into the Marañon River.
Houses dispersed across alluvial fans are surrounded by
fruit-bearing orchards interspersed with maize and
coca crops. Domesticated animals such as sheep and
goats forage the native scrub.

The tropical moist montane ecological zone in-
cludes shrub and thorn woodland, as well as remnants
of a tropical moist forest dominated by Alnus acuminata
and Weinmannia glabra (Young 1993a; APECO 1999).
The majority of native forest has been cleared and
converted perhaps centuries ago into scrub, eucalypt
plantations, or crops including maize, wheat, lentils,
oca, alfalfa, barley, and potatoes. In 1961, there were 5,
4, and 23 people per km2 in the districts of Pataz, Pias,
and Parcoy, respectively. In 1999, the population had
increased, with respective densities of 13, 6, and 34
people per km2. Small villages and towns sit on pla-
teaus at �2700 m, while more rural and dispersed agro-
pastoral settlements exist on slopes above this eleva-
tion. Land use consists predominantly of artesanal and
commercial mining, field agriculture, and grazing for
sheep, goats, cattle, horses, and mules (Young 1993a,
informal discussions during fieldwork 2001).

The Puna grassland zone is dominated by a bunch
grass formation that prevails at heights above 3500 m in
the central Andes Mountains (Young and others 1997).
Bunch (tussock) grasses such as Calamagrostis,
Cortaderia, and Festuca become dominant within this
zone. Wetlands exist within valley bottoms and on
slopes where soils can remain saturated from high
rainfall throughout the year. Exposed rock exists above
4000 m, although grasses continue to grow above this
elevation and cover most ridges despite nightly frosts
and a large diurnal range in temperature (Young
1993a; Young and others 1997). Land use mainly in-
volves cattle grazing; Puna grassland is occasionally
burned to trigger regrowth of palatable grasses. It is
now considered illegal to set fires inside the park, but
grassland fires set outside the park’s boundary can be
uncontrollable and spread across tens of square kilo-
meters depending on moisture and wind conditions.
Fire scars extending to wet montane treeline show
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evidence of plant mortality along the edge of this zone
(León and others 2001).

The wet montane forest zone includes forest pat-
ches that exist along the slopes of glaciated valleys be-
tween 3300 to 3700 m (Young 1993b; 1993c). Although
treeline elevation varies markedly across the Andes,
forest within the study area continues below �3300 m
down into the Amazonian lowlands where wet montane
forest transitions into tropical rainforest. Forest struc-
ture at treeline is heterogeneous with 86 species of
scandent plants and 133 species of trees (10 to 15 m)
and shrubs (�2 m). Below treeline, the upper montane
forest belt has an understory typically dominated by
bamboos of the genus Chusquea; above 2000 m, forest
structure is complex with an irregular open canopy 10
to 25 m tall. Below 2000 m, the lower montane forest
belt has a forest canopy 20–35 m tall and supports a
high diversity of flora and fauna with 30 to 60 tree
species per hectare (Young 1993b; 1993c; Young and
León 1999).

Rio Abiseo National Park has a surface area of
�274,520 hectares and includes both Puna and wet
montane forest. It was established in 1983 after an
assessment of its diverse natural and cultural resources
(Young and others 1994; Leo 1995) and was added to
Unesco’s World Heritage List in 1990. Before the park
was created, local residents occasionally used the forest
as a source of timber, medicinal plants, and game
(Young 1993a; APECO 1999; Figueroa and others
2000). Potential threats to the park’s integrity include
cattle grazing, fires triggered by humans, theft or
destruction of archeological sites, local or commercial
interest in opening the area to mining, and possible
conversion of premontane forest for coca cultivation
(Young 1993a; Young and others 1994; Young and
others 1997; Young and León 1999).

Methods

Landsat 5 TM and 7 ETM satellite imagery were
selected for LULC classification of the study area dur-
ing a period when change in land cover by human
activity has been recognized as an important driver of
global environmental change (Lepers and others
2005). Imagery was obtained for May 15, 1987 and June
30, 2001 for path/rows 08/065 and 08/066. Selection
of this imagery was based on minimal cloud cover, time
of year, and the timeframe in which land cover change
could be monitored since the designation of the
protected area. Image pre-processing, classification,
change detection, and GIS analysis were done using
ERDAS IMAGINE 8.4 and ESRI’s ArcGIS 8.2. Ground
control points collected in the field were used to rectify

the 2001 pair of scenes. The 1987 pair was rectified to
the 2001 image via image-to-image registration. Both
pairs were resampled using the nearest-neighbor algo-
rithm with RMS errors under 0.5. The pairs were
mosaicked and subset to the study area. Atmospheric
corrections were not done to the satellite data as the
datasets were classified separately (Song and others
2001).

A classification scheme with LULC classes unique to
the study area was developed prior to going into the
field (Table 2) based on interpretation of the imagery,
descriptions of the study area (e.g., Young 1993a;
Young and León 1995; Young and others 1994; APECO
1999; Figueroa and others 2000), and cover type
descriptions by Anderson and others (1976). Eleven
cover types were selected for mapping at medium res-
olution using 30-m Landsat imagery. Orchards were
separated from the agriculture class due to its unique
shape, height, forest structure, and spectral character-
istics. Field data were collected during the summer of
2001 with the help of a local informant. A stratified
sampling scheme was developed based on collecting a
number of points proportionate to the dominance of a
class on the landscape. The collection of samples for
certain classes was limited, however, due to the
remoteness and inaccessibility to sites inside the study
area.

The Landsat imagery was stratified by ecological
zone to be classified separately in order to reduce class
confusion errors by isolating homogenous landscape
units (Hutchinson 1982; Elumnoh and Shrestha 2000;
Heggem and others 2000; Hubert-Moy and others
2001). Classifications of the 1987 and 2001 imagery
were produced for each stratified layer using a hybrid
unsupervised/supervised classification approach (Mes-
sina and others 2000). The imagery was initially classi-
fied into 256 classes or signatures using the
unsupervised Isodata algorithm. The signature file was
edited within a transformed divergence table to remove
signature pairs with low spectral separability values to
maximize the variance between signatures (Jensen
1996; Messina and others 2000). The edited training
signatures were used for supervised classification. The
resulting LULC raster files were clumped and speckle
pixels were removed using a 4 · 4 pixel filter. Thematic
classes were coded according to the classification
scheme (Table 2) and the stratified units were
mosaicked together.

Several landscape metrics useful as ecological indi-
cators of landscape composition and configuration
(Forman and Godron 1986; Heggem and others 2000;
Turner and others 2001) and commonly used within
the literature (e.g., Hargis and others 1998; Zomer and
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Ustin 1999; McGarigal and others 2001; Southworth
and others 2002) were chosen to analyze the character
of landscape change as measured by the classification
maps. Edge density, mean nearest-neighbor distance,
contagion, and perimeter-area fractal dimension were
computed for the study area as a whole and for each of
the stratified landscape units using the software
FRAGSTATS 3.3 (McGarigal and Marks 1995). An edge
distance of 30 m was used to compute the total core or
interior of a patch that is hypothetically unaffected by
the dynamics of the surrounding ecotone. While edge
effects may extend further into a patch interior (e.g.,
Reed and others 1996; Baker and Knight 2000), a 30-m
edge corresponds with the edge influence distance
measured by Young (1993b) and Young and Keating
(2001) in the upper tropical montane forests of Peru
and Ecuador, respectively.

Results

LULC classification maps of the study area were
produced with eleven cover types for both 1987 and
2001 (see Figure 2 for examples). An error matrix for
the 2001 LULC classification shows that of 295 GPS
points taken in the field, 229 samples agreed with the
2001 product (Table 3). Classes with the lowest pro-
ducer’s accuracy (most errors of omission) include the
mixed grass/rock, agriculture, and moist montane
forest classes. Classes with the lowest user’s accuracy
(most errors of commission) include the wet montane
shrub, wetland, and exposed surface classes. Overall
accuracy was 78% with a Kappa statistic of 73%, which is
below the generally accepted standard of 85%. Kappa is
a commonly accepted measure of agreement between
reference and classified data, but information provided
by this statistic is limited in that it does not distinguish
between quantification error and location error (Pon-
tius 2000; 2002). Possible reasons for the classification

errors include confusion between classes caused by the
topographic effect (Colby and Keating 1998; Helmer
and others 2000), an insufficient number of samples
for certain classes (Congalton 1991), misclassification
of mixed pixels at the edges of class boundaries (Frohn
1998; Foody 2002), or inaccurate ground control
points resulting in image-to-image registration errors
(Jensen 1996; Congalton and Green 1999).

Areas by cover type for 1987 and 2001 with amount
and percentage of change during this time period are
shown in Table 4, and a from-to change matrix indi-
cating change trajectories is shown in Table 5. Urban,
orchards, tropical wet montane forest, wet montane
shrubland, and mixed exposed surface increased in
area while agricultural land, moist montane forest,
dry/moist shrubland, puna grassland, wetland, and
mixed grass/rock decreased between 1987 and 2001.
Dry/moist shrubland and puna grassland were the
relatively dominant classes, comprising �24% and
�32% of the study area by 2001, respectively.

Despite the expectation that wet montane forest
growth would have been inhibited by fire inside the
boundary of the park, this cover type actually increased
in area by 23% from 6206 ha to 8606 ha between 1987
and 2001. Eighty-seven percent of forest area in 1987
remained stable in 2001. Totals of 1418 ha of wet
montane shrubland, 457 ha of puna grassland, 452 ha
of wetland, and 74 ha of grass/rock converted to forest,
which expanded westward and upward into the puna
grassland zone. Wet montane shrubs also expanded
into areas that were previously puna grassland, wet-
land, and grass/rock, and 585 ha of wet forest con-
verted to shrubland.

Only 35% of wetland area remained stable in 2001
although total amount of wetland declined slightly
between 1987 and 2001 suggesting significant from-to
change in both directions. Wetlands converted into wet
montane shrub (937 ha), wet montane forest (452 ha),

Table 2. Land use/land cover categories within the study area

Class LULC type Description

1 Urban, built-up Areas of intensive use with much of the land covered by structures (Andersen et al., 1976)
2 Agriculture Mixed crops (maize, wheat, and legumes), fallow land, pasture, and rural settlements
3 Mixed orchard, riparian Fruit-bearing trees in areas of human settlement and dense riparian vegetation
4 Moist montane forest Remnants located in the tropical moist montane ecological zone
5 Wet montane forest Continuous forest and remnant patches inside the park
6 Wet montane Shrubland Shrubs at the edge of wet montane forest; includes Baccharis sp. and Berberis lutea
7 Dry/Moist Shrubland Shrubs, dwarf trees (Baccharis spp., Dodonea viscosa, Oreocallis grandiflora, Satureja spp.)
8 Puna/grassland Highland tussock vegetation above 3,300m
9 Wetland Vegetation in saturated areas in the Puna ecological zone
10 Mixed rock/grassland Rock interspersed with grassland
11 Mixed exposed/dry forest Exposed soils, alluvium, landslides, rock outcrops, surface mining; dry forest with cacti
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and mixed grass/rock (260 ha). This type of change
suggests encroachment by wet montane forest and
shrubland cover types into the puna grassland ecolog-
ical zone. This trend is apparently a successional pro-
cess of woody plants invading herbaceous vegetation.

Inside the park’s buffer zone where the districts of
Pias, Pataz, and Parcoy are located, moist montane
forest declined by 25% due to conversion to dry/moist
shrub and agricultural land; 1648 and 246 ha con-
verted into dry/moist shrubland and agricultural land,
respectively. Over the same time period, 650 and 409

ha of dry/moist shrubland and agricultural land,
respectively, reverted to moist montane forest. While
forest expanded in certain areas and contracted in
others, there was an overall trend of forest decline with
forest converted predominantly into the shrubland
class, which likely includes a certain amount of land
that was cleared for future agricultural use.

Agricultural land decreased by approximately 20%,
comprising �3.7% and �2.9% of the study area,
respectively. It is likely, however, that the distribution
and amount of agricultural lands fluctuate year to year

Figure 1. Study area in north-central Peru. Shown is Rio Abiseo National Park and the western buffer zone with five
neighboring districts indicated, three of which were part of this study.
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because farmers use a 1 to 4 year rotational fallow sys-
tem; certain crops and cropland may increase one year
while decreasing in the next. Measuring the extent of

agricultural land was also complicated by misclassifi-
cation of recently cleared, fallow, or abandoned agri-
cultural land as shrubland.

Figure 2. Selected classes of the LULC classification of the study area for 1987 and 2001. District capitals are indicated.
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Landscape and Patch Metrics

For the study area, patch number, edge density, and
total core area declined between 1987 and 2001 al-
though these measures differ by ecological zone
(Tables 6, 7). In the tropical dry forest zone, patchi-
ness and total core area declined, but edge density
changed only slightly. Increases in mean shape index
and perimeter-area fractal dimension suggest that
there were fewer but larger patches with more complex
or irregular shapes. In the moist montane ecological
zone, patch number and mean patch size did not
change much although core area decreased, accom-
panied by an increase in patch shape complexity
resulting in a higher edge density.

Fragmentation of patches occurred in the Puna
grassland zone where the number of patches in-
creased while mean patch size declined. However, to-
tal core area increased, which might be explained by
the aggregation of certain patches as also suggested by
a larger standard deviation in 1987 than in 2001. In
the wet montane forest zone, located inside the park,
patch number dropped by approximately 35%. Pat-
ches had less complex shapes with a larger core area
and a decrease in edge density. This was the only zone
where the Contagion metric, a measure that shows the
degree of aggregation or clumping of patches, in-
creased.

Patch dynamics differed by class within each zone
(Table 8, Figure 3). Agricultural land, which is dis-
tributed across the moist montane ecological zone and
to a lesser degree within the tropical dry forest zone,
declined. Patch number decreased from a total of 1579
patches in 1987 to 1255 in 2001. Even though the
average size of an agricultural patch increased by about
3%, mean core area declined by 20% in 1987 and 2001;
respectively. The edge density of agricultural land also
differed according to where patches were located. It
increased only slightly in the moist montane zone, but
decreased by 37% in the dry forest zone. This change
suggests that agricultural land was becoming more
aggregated and concentrated inside the moist forest
zone.

Moist montane forest patches were fragmented into
smaller pieces between 1987 and 2001. Moist forest
area declined by 4% within the moist montane eco-
logical zone, while total number of patches increased
by 8%. These patches were smaller and had less core
area. An increase in the edge density, shape index, and
fractal dimension suggests that shape complexity in-
creased. It is likely that clusters of remnant patches
remained in the most inaccessible areas such as steep
tributary ravines, while individual patches located onTa
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more gradual slopes were converted into other cover
types for agriculture or grazing.

Inside the park, wet montane forest patches became
larger, more numerous, and more aggregated. Patch
number increased by 4% within the wet montane zone
and by 607% in the puna grassland zone, providing
evidence of forest expansion and new forest patch
establishment in the puna grassland ecological zone
over the studied time period. Mean patch size for
patches within each zone varied, however. For exam-
ple, mean patch size of forest within the wet montane
zone was 8.2 ha in 1987 and increased to 9.5 ha in
2001. Mean patch size in the puna grassland zone, on
the other hand, was only 0.2 ha in 1987, which in-
creased to 1.3 ha in 2001. Edge density and core area of
forest patches increased in both ecological zones.

Forest interior, therefore, increased at a higher rate
relative to the amount of edge forest adjacent to other
cover types. Total core area increased by around 20%,
which is surprising, especially when compared to the
loss of native moist montane forest on the western
slopes of the cordillera, outside the park.

Discussion

This study shows that significant landscape change
occurred within the western buffer zone of Rio Abiseo
National Park over a relatively short amount of time.
Given an increase in human population between 1987
and 2001, we expected that land use activities would
increase resulting in changes in the composition and
configuration of landscapes within the study area. In

Table 4. Land use/land cover by area and percentage of landscape in 1987 and 2001 in hectares with change
between 1987 and 2001 and percentage/direction of change from the 1987 total

1987 2001 Change

Area % Landscape Area % Landscape 2001–1987 % 1987 Total

Urban 37.53 0.03 38.61 0.03 1.08 2.88
Agriculture 4177.80 3.66 3352.23 2.94 )825.57 )19.76
Orchard/riparian 651.69 0.57 679.23 0.60 27.54 4.23
Moist forest 3531.51 3.10 2636.64 2.31 )894.87 )25.34
Wet forest 6990.48 6.13 8606.34 7.54 1615.86 23.12
Wet shrub 4167.36 3.65 5601.06 4.91 1433.70 34.40
Dry/Moist
Shrub 28,756.17 25.21 27,708.03 24.29 )1048.14 )3.64
Grassland 37,553.13 32.92 36,829.71 32.29 )723.42 )1.93
Wetland 7311.51 6.41 6796.89 5.96 )514.62 )7.04
Mixed grass/rock 16,136.01 14.15 14,444.55 12.6 )1691.46 )10.48
Exposed 4758.39 4.17 7378.29 6.47 2619.90 2.88
Total 114,071.58 100.00 114,071.58 100.00

Table 5. From-to change matrix for cover types between 1987 and 2001 in hectares

2001

1987 Urban Agri Orch/rip Moist Wet Wet shrub D/M Shrub Puna Wetland Puna/Rock Exp. 1987 Total

Urban 34 0 — 1 — — 2 — — — 1 38
Agriculture 2 1730 25 409 — — 1661 18 — 25 308 4178
Orch/riparian — 0 451 — — — 155 0 — — 45 652
Moist forest 1 246 1 1560 — — 1648 30 9 2 35 3532
Wet forest — — — — 6206 585 — 82 51 44 22 6990
Wet shrub — — — — 1418 1745 — 563 148 294 1 4167
D/M shrub 1 1279 137 650 0 0 22,387 475 40 124 3663 28,756
Grassland — 20 — 6 457 1852 414 25,042 3628 6074 59 37,553
Wetland — 2 — 1 452 937 10 3111 2533 260 6 7312
Grass/rock — 1 — 7 74 482 203 7498 385 7424 62 16,136
Exposed — 72 65 4 — — 1229 11 3 197 3177 4758
2001 Total 39 3352 679 2637 8606 5601 27,708 36,830 6797 14,445 7378

A value of zero represents classes that could have been converted into a particular class, but did not. Dashes represent classes that could not be

converted from one to the other.
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the tropical moist forest zone, we predicted a contin-
uing land-use trajectory of change due to agricultural
intensification. A trend of smaller and fewer native
forest patches was, therefore, expected. In the
highlands, a more heterogeneous landscape with a
patchwork of grassland and wetland habitats in varying
stages of succession was expected due to periodic fires
set by ranchers. At the edge between Puna grassland
and wet montane forest, we predicted that forest or
shrubland growth at treeline would be inhibited due to
mortality of forest edge species by human-triggered
fire.

Results show that certain land use changes were
contrary to expectations. Inside the park, tropical wet
montane forest expanded in area and timberline ex-
tended westward contrary to our prediction. It is likely
that the reduction in fires since the establishment of
the park has minimized the impact of this disturbance
within the Puna and wet montane forest ecological
zones although perhaps forest expanded as a conse-
quence of climate change regardless of fire distur-
bance. Further studies are merited to (1) measure
forest change before the park was established to com-
pare with results from this study, (2) evaluate the ef-
fects of global climate change on upper wet montane
forest over time, and (3) determine the frequency of
fires set before and after the park was designated.
While it was observed that recent fires have influenced
edge habitat around wet montane forest patches and

treeline, landscape metric results suggest that the
threat of fire on forest growth was less than anticipated.

Inside the park’s buffer zone, agriculture apparently
decreased somewhat in area. As mentioned, quantifi-
cation of agricultural land was complicated by the
possibility of misclassification between fallow land and
shrubland. A more conclusive finding, perhaps, was the
confirmation that patches of remnant moist montane
forest were fragmented into more patches with a
smaller core area. It is of concern that moist montane
forest area declined by 25% because native moist
montane forest is not likely to return to its 1987 extent
without conservation measures to protect this type of
habitat. The cause of this transformation is unclear
from an interpretation of the classification products,
but based on personal observations, we suggest that the
land was likely cleared for agricultural use.

A possible implication of this type of change is that
the influence of the surrounding habitat may con-
tribute to further forest degradation and the loss of
biodiversity (Saunders and others 1991; Laurance and
others 2002; Freeman and others 2003). It is likely
that certain species will be negatively affected given
the contrast in structure and composition between
forest habitat and agricultural land (Harper and oth-
ers 2005). The loss of moist montane forest habitat
may also have implications for biodiversity inside the
park if there are species that have geographic ranges
or populations that extend beyond the park’s

Table 6. Landscape metrics for the study area and by ecological zone, 1987 and 2001

Study area Dry forest zone Moist forest zone Grassland zone Wet forest zone

1987 2001 1987 2001 1987 2001 1987 2001 1987 2001

NP 28,053 15,659 1916 1618 4035 4059 5775 7305 9063 5885
ED 90.90 52.73 5.04 5.07 10.41 11.50 20.74 22.89 14.42 12.12
MPS 7.6 7.3 7.9 9.3 6.8 6.8 8.2 6.5 2.5 3.8
PSD 507.6 279.5 110.1 71.3 186.5 154.5 314.2 218.0 30.4 47.9
MSI 1.541 1.518 1.381 1.495 1.394 1.458 1.374 1.455 1.499 1.479
PAFD 1.487 1.603 1.450 1.515 1.490 1.532 1.499 1.517 1.486 1.529
TCA 145,604.2 58,657.5 8635.9 8254.61 15,203.7 14,747.4 23,273.5 24,143.7 9331.5 10,186.0
CON 55.33 49.06 69.17 52.37 64.06 63.27 68.67 66.52 30.22 41.94

Metrics: NP = number of patches; ED = Edge density (m/ha); MPS = mean patch size (ha); PSD = patch size standard deviation; MSI = mean

shape index; PAFD = perimeter-area fractal dimension; TCA = total core area (ha2); CONT = contagion.

Table 7. Changes in cover type by study area and ecological zone based on landscape metrics.

Study area Decline in overall patch number, edge density, and total core area.

Tropical dry Fewer, larger patches; more complex shapes; little change in edge density.
Moist montane More complex shapes with less core area; little change in patch number.
Grassland Patch, fragmentation; increase in total core area, perhaps from aggregation.
Wet Montane Aggregated patches with an increase in core area, shape complexity.
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boundary (Hansen and Rotella 2001; Armenteras and
others 2003). It is recommended that these LULC
changes with the park’s buffer zone be considered
when conservation strategies are developed, keeping
in mind the diverse needs and interests of the local
stakeholders (Groom and others 1999; Wells and
McShane 2004).

This type of LULC change study has several limita-
tions. First, change detection with satellite imagery
cannot account for all land use activities that might

influence biodiversity or alter the biophysical condi-
tions of a region. For example, subsurface mining
within the buffer zone of Rio Abiseo National Park
could not be monitored directly although it has chan-
ged local hydrologic systems and contributed to the
degradation of a lake ecosystem in the study area. Sec-
ond, the satellite study could not distinguish between
native forests and forest plantations. In this case, euca-
lypt plantations, located in the moist montane forest
zone, may have been classified as native forest remnants,

Table 8. Class metrics by ecological zone: (A) Tropical dry forest zone; (B) Tropical moist montane forest zone;
(C) Puna grassland zone; (D) Wet montane forest zone

PA NP ED MPS PSD MSI PAFD TCA

A. 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001

Agriculture 3.52 2.4 466 215 1.04 0.65 1.1 1.7 4.9 5.1 1.27 1.36 1.44 1.55 134 85
Orch/Rip 4.29 4.42 295 144 0,84 0.62 2.2 4.6 7.2 14.1 1.28 1.44 1.4 1.42 241 320
M. forest 0.06 — 38 — 0.02 — 0.2 — 0.2 — 1.03 — 1.15 — 0 —
D/M Shrub 67.4 56.6 565 555 4.79 4.77 18 15.4 199 110 1.49 1.58 1.49 1.51 6229 5052
Exposed 24.8 36.6 499 704 3.38 4.1 7.5 7.8 36.3 45.2 1.49 1.48 1.52 1.55 2032 2798

PA NP ED MPD PDS MSI PAFD TCA MCA

B. 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001

Urban 0.14 0.14 5 5 0.03 0.03 7.4 7.7 6 6.5 1.35 1.32 N/A N/A 20 21.8 4 4.36
Agri 13.2 10.9 1113 1040 5.17 5.21 3.3 2.9 44.1 21.2 1.49 1.52 1.67 1.67 1451 901 1.3 0.87
Orch/Rip 0 0.03 3 10 0 0.01 0.1 0.8 0 1.3 1 1.1 N/A 1.2 0 1.9 0 0.19
M. Forest 12.5 9.43 792 824 3.17 3.3 4.3 3.2 28.4 16.4 1.39 1.44 1.45 1.57 1505 911 1.9 1.11
D/M shrub 66.4 68.6 853 792 9.05 9.88 21.4 23.9 401 348 1.45 1.57 1.49 1.54 11,664 11,951 13.7 15.09
Grassland 3.17 3.61 482 483 1.28 1.58 1.8 2.1 6.3 7.2 1.28 1.43 1.41 1.45 273 294 0.57 0.61
Wetland 0.04 0.22 77 61 0.03 0.09 0.2 1 0.1 1.9 1.03 1.14 1.36 1.27 0 16.2 0 0.27
Mix G/R 1.8 1.28 278 196 0.75 0.57 1.8 1.8 3.8 4.1 1.31 1.37 1.39 1.43 131 104 0.47 0.53
Exposed 2.69 5.91 432 648 L34 2.32 1.7 2.5 4.8 8.5 1.3 1.34 1.57 1.49 161 548 0.37 0.85

PA NP ED MPS PSD MSI PAFD TCA MCA

C. 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001

M. forest 0.02 0 36 11 0.02 0 0.2 0.1 0.2 0.1 1.06 1 1.39 1.24 0 0 0 0
W. forest 0.01 0.43 26 158 0.01 0.28 0.2 13 0.1 3 1.04 1.29 1.33 1.39 0 54.7 0 0.35
W. shurb 0.03 0.69 85 364 0.03 0.61 0.2 0.9 0.1 1.7 1.02 1.24 1.34 1.4 0 44.9 0 0.12
D/M shrub 0.12 0.09 256 253 0.11 0.09 0.2 0.2 0.2 0.1 1.08 1.05 1.45 1.43 0 0 0 0
Grassland 616 62 1534 1589 20 21.9 19.1 18.5 607 466 1.42 1.57 1.52 1.55 16,066 16,937 10.5 10.7
Wetland 8.35 9.99 1295 1271 5.53 6.52 3.1 3.7 9.8 11.2 136 1.51 1.52 1.52 1299 1786 1 1.41
Mix G/R 29.4 26.5 2370 3570 15.3 16 5.9 3.5 44.5 23.4 1.42 1.45 1.55 1.56 5852 5275 2.47 1.48
Exposed 0.55 0.34 162 84 0.45 0.29 1.6 1.9 3 3.9 1.24 1.41 1.49 1.5 56.4 46.8 0.35 0.56

PA NP ED MPS PSD MSI PAFD TCA MCA

D. 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001 1987 2001

W. forest 30.1 36.1 822 854 3.07 3.81 8.2 9.5 87.8 117 1.55 1.41 1.43 1.45 4395 5277 5.35 6.18
W. shrub 17.9 22.8 2422 1746 6.66 7.77 1.7 2.9 4.6 9.7 1.51 1.58 1.49 1.59 1032 1315 0.43 0.75
Grassland 30.5 26.6 2324 1093 9.02 6.39 2.9 5.5 28.6 38.1 1.53 1.53 1.51 1.52 2810 2934 1.21 2.68
Wetland 14.7 8.79 1680 1184 6.37 4.1 2 1.7 6 4.3 1.56 1.46 1.51 1.53 901 408 0.54 0.34
Mix G/R 6.92 5.59 1815 999 3.73 2.14 0.9 1.3 1.8 3.8 1.38 1.34 1.48 1.5 193 242 0.11 0.24
Exposed — 0.12 — 9 — 0.03 — 2.9 — 5.9 — 1.32 — N/A — 9.8 — 1.09

Metrics: PA = Patch area (ha); NP = number of patches; ED = edge density (m/ha); MPS = mean patch size (ha); PSD = patch size standard

deviation; MSI = mean shape index; PAFD = perimeter-area fractal dimension; TCA = total core area (ha2); MCA = mean core area (ha2);

CSD = core standard deviation. Dash = not present; N/A = not applicable.
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and the amount of remaining native forest habitat
measured has been potentially overestimated. Third,
the accuracy of the 2001 classification was below the
standard 85%, possibly due to registration errors, con-
fusion between classes from effects of topography and

shadow, or insufficient sample sizes as a consequence of
conducting field work in a rugged and remote area.

This study of LULC change using satellite imagery
provides a partial framework for monitoring land-use
change trajectories in the tropics and elsewhere. The

Figure 3. Selected landscape pattern metrics for each ecological zone for 1987 (shaded) and 2001 (unshaded). The bottom
axes refer to the eleven LULC classes.
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classification and stratification of Landsat 30-m satellite
imagery made it possible to map land cover across a
large, mountainous and remote area where other
information was limited or unavailable. Mapping at this
scale and extent also made it possible to monitor the
park within its surrounding regional context to better
understand the landscape ecological dynamics that ex-
tend across the political boundary of the protected
area. The landscape pattern metrics in particular offer a
rich source of additional information on the types of
change trajectories. Results suggest that wet montane
forest habitat is being maintained inside the park while
land use inside the buffer zone itself is potentially
leading to the degradation of remaining natural habi-
tats.

Given severely limited park management resources,
it is understandable that conservation strategies are
focused on minimizing the impacts of human activity
inside the park. It has been recognized, however, that
protected habitats are influenced by their surround-
ing environment. This study has shown that signifi-
cant land cover change occurred between 1987 and
2001 as a result of land use within the buffer zone of
the park, and that one of the more significant threats
to biodiversity is fragmentation of moist montane
forest remnants. We, therefore, recommend that
conservation managers consider strategies to mini-
mize further loss of biodiversity within this unpro-
tected habitat type. We suggest that conservation
management within the park’s buffer zone will sup-
port conservation of biodiversity inside the park itself.
This type of remote sensing study can (1) give insight
into the effects of LULC change on this protected
area and its buffer zone, (2) provide park mangers
with information to target those land use change
trajectories that conflict with the goal of conserving
biodiversity inside Rio Abiseo National Park, (3) can
be used as a monitoring framework for future change
evaluations, and (4) can be used in other regions to
evaluate the effects of LULC change on biodiversity
inside and surrounding protected areas.
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