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Abstract

Landscapes surrounding protected areas, while still containing considerable biodiversity, have rapidly growing
human populations and associated agricultural development in most of the developing world that tend to
isolate them, potentially reducing their conservation value. Using field studies and multi-temporal Landsat
imagery, we examine a forest park, Kibale National Park in western Uganda, its changes over time, and related
land cover change in the surrounding landscape. We find Kibale has successfully defended its borders and
prevents within-park deforestation and other land incursions, and has maintained tree cover throughout the
time period of the study. Outside the park there was a significant increase in tea plantations and continued
forest fragmentation and wetland loss. The question of whether the park is a conservation success because of
the network of forest fragments and wetlands or in spite of them remains unanswered.
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Introduction

Protected areas (hereafter parks)® are the primary means of biodiversity conservation in most of the world
today [1, 2]. Parks are embedded in larger, dynamic landscapes comprising full ecosystems within which
energy flows, materials flow and cycle, and organisms, including humans [3], reside. While many parks do
seem to be adequately protecting natural systems within their borders, the linkages between the areas
within the parks and the larger ecosystems can be altered by those human activities outside the parks [4,5].
Likewise, the human activities outside parks can be influenced by the presence of the park [6-9].

Landscapes surrounding parks, while still harboring considerable biodiversity, often have rapidly growing
human populations, some of whom may have been drawn to the area by the park [10], although this finding
is still under discussion, and has already been refuted by other research groups [11]. There continues to be
an open dialogue regarding the impacts of parks on human and biological populations. While the negative
and positive outcomes are hotly debated [10, 11], park landscapes are of increasing interest for research,
with a real need for specific, detailed case studies to help highlighthese issues. The domesticated portions of
these landscapes are zones of dynamic change in demography, land use, and land cover, and are
characterized by biological and socio-political risks not usually found elsewhere. If there is enough moisture
available, agriculture is already or is rapidly becoming the main land use in most of these areas [12]. The
confrontation between human activities, such as agriculture, and biodiversity conservation, may threaten
the conservation objectives of parks, and impact the well-being of people who live around them [13-15]. This
conflict is particularly intense in East Africa, where agriculture or pastoralism remains the predominant
livelihood activity. In this region, population growth rates are among the highest in the world, and the
number and extent of parks continue to increase, driven by economic as well as conservation objectives. In
East Africa and elsewhere, the areas surrounding parks — comprising important interactions among parks,
agricultural systems, and biodiversity — are both inadequately understood and critical to the future of all
three [16].

Clearly, the “success” of a park is a function of many complex factors that include environmental, ecological,
economic, political and social issues [17]. The location of a park within a landscape is a key factor for
understanding these dynamics and also for the study of likely future changes which may occur e.g., due to
land cover change, climate change, etc. A major concern for conservationists has been the “islandization” of
parks [15], i.e., the increasing isolation of natural habitat into smaller areas surrounded by human-

! We use the term “parks” to refer to protected areas of all sorts, including wildlife reserves — areas where land use is
restricted mostly to wildlife and preservation of “natural” existing habitat.
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dominated land covers. Isolation can affect natural movement patterns of organisms, altering dynamics and
genetics of natural populations. Isolation, increasing human populations, and the expansion of agriculture
are viewed as major contributing factors to wildlife decline, especially in East Africa [18,19].

Parks can affect land use and livelihoods both directly through constraints on traditional activities as well as
presentation of new opportunities, and indirectly by affecting perceptions of risk and uncertainty for both
the short and long term, which then influence land use and livelihood strategies. These risks include crop loss
from wildlife, restriction of resource access, and future loss of land or resources due to expansion of parks.
Responses to these constraints, risks, and opportunities by local people are evident in the intensity of
agricultural land use and in the diversity of agriculture and agro-pastoralism. While direct loss of specific
cover types (e.g., forest or wetlands) is often a primary concern, land-cover arrangement and fragmentation
are also important for maintaining “natural” variability in the mosaic of patches within a landscape [20, 21].
The most frequently used techniques to study changing patterns of land cover and land cover arrangement
are via the use of remotely sensed data. Specifically a time-series of land cover data is usually created based
on land cover classifications, and changes in amounts, patterns, and arrangements of these land cover
classifications are evaluated [22-24]. Since these classifications are spatially explicit, they not only provide
information on absence, presence, and proportional change in different land cover types, but also allow for
evaluation of changes in landscape spatial patterns and fragmentation over time, factors with critical effects
on biodiversity [25-27].

Parks drive people to conduct certain activities that in turn may be detrimental to the function of the park.
Most studies are concerned with the influence of human activities on the park itself. To some degree, we
turn this notion on its head and examine the influence of the park on the activities outside the park,
specifically land-use/land-cover change (LUCC). Land-use/land-cover change (deforestation, conversion to
non-habitat agriculture) around parks is often seen as a threat to biodiversity conservation but necessary for
the livelihoods of people living around the park. Extra-park landscape features (corridors, habitat fragments)
can play an important part in how extra-park landscapes degrade or enhance within-park conservation. The
guestion of what landscape-level effects the park has had on both the environment within the park and the
surrounding landscape cannot be answered until we know the spatial patterns of changes caused by the
presence of the park.

Most forest reserves or protected areas are ecosystem remnants of limited size. Few, if any, represent intact
ecosystems; and it has become increasingly important to locate each protected area as a functional
component of a larger landscape [26-28]. This paper examines spatial and temporal land cover patterns and
changes of a forest park landscape and the surrounding agricultural mosaic.

Kibale National Park, a forest park in western Uganda, is considered by many to be an example of
“successful” conservation of park features (increasing primate biomass, forest regeneration after plantation)
[29], for the time being. Spatial dynamics of the agricultural/natural landscape around Kibale may be
related to this success (maintenance of corridors, habitat patches — stepping stones, other connections to
outside), but continued change in the future along current trajectories may begin to threaten this success.

While change in land cover (specifically forest area) is of primary concern, land-cover fragmentation also
assumes vital significance for maintaining “natural” variability in the size, shape, and distribution of the
mosaic of patches that exist within landscapes with little human influence [20]. This variability affects the
flow of species and materials within landscapes [30]. In addition to estimating percent change in area over
time, quantifying changes in landscape pattern is an important component of understanding landscape
dynamics.

This paper is structured around two central questions: (1) What is the spatial and temporal pattern of land-
cover and forest fragmentation in and around KNP, and how does the landscape within the park compare to
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that surrounding it?, and (2) How does proximity to a park affect land cover and hence land use (and as such
livelihood strategies) of surrounding households and communities? A comparison of the park and the
surrounding landscape, and study of the interactions between them, can give insights into how the border,
the park, and the domesticated landscape can be managed.

Methods

Study Area: East Africa, Uganda and Kibale National Park

Despite recent demands for expansion of agriculture and other human activities, parks that exclude or
restrict human land use have been important environmental and economic features of East Africa since the
early 20" century. The first game control ordinances in East Africa were put in place at the beginning of the
20" century, and the first national parks were designated in the 1940s [31, 32]. The segregation of land for
conservation purposes continued throughout the colonial period and accelerated following independence.
Uganda currently includes 26 protected national parks and game reserves, representing 20,650 km?” (about
13%) of its total land area [33].

Over 80% of the human population in Uganda is rural and agricultural, and the population increased more
than 240% from 1960 to 2000 [34]. Many rural areas have very high population densities. Rural-to-rural
migration is an important process; often from areas of high human density to areas where uncultivated land
can still be found [35].

Kibale National Park (KNP, 795 km?), located in western Uganda near the foothills of the Rwenzori
Mountains, is one of few remaining mid-altitude rain forests in East Africa, and is one of the best studied
forest sites in Africa (Fig. 1) [29]. The park was designated a Forest Reserve in 1932, and elevated to national
park in 1993 [18]. Although primarily forested, the park includes woodlands, grasslands, and wetlands. The
range of habitats in the park, as well as intermittent historic human occupation and alteration of land cover
have also affected the park’s ecological diversity [36]. The park is notable for its 12 species of primates,
particularly chimpanzees (Pan troglodytes). Some of these primates, as well as elephants (Loxodonta
africana) and other mammalian species, periodically move out of the park and damage surrounding farmers’
fields [37, 38]. A long-term research program with headquarters in the park and participation by many
Ugandan and international researchers has led to very effective conservation programs [29].

The human population surrounding KNP has increased seven-fold since 1920, and exceeds 270 people/km? at
KNP’s western edge [38] (versus 92/km” for the Kabarole District; [39]). Population growth rates in the
surrounding parishes range between 3 and 4% per year [39]. The Batoro are the largest ethnic group in the
area (~52% of population), but immigration of Bakiga people and others from the densely populated regions
in southwest Uganda and elsewhere have greatly increased population growth and demand for agricultural
land and forest products. Farms surrounding the park range from smallholder agricultural plots to large tea
estates. Landholdings range in size from small farms averaging <5 ha [6] to large tea estates of 250 ha or
more.

Over 30 years of continuous research has been conducted in KNP, resulting in over 500 scientific publications
and extensive biotic inventories of a number of taxa. In contrast, there has been relatively little research on
the increasingly intensive agricultural systems surrounding the park [38, 40]. The area has been characterized
by intensive smallholder agriculture for several decades, and thus exemplifies the future of many protected
areas in Africa as isolated ecological islands. The ongoing demographic and agricultural changes provide an
opportunity to examine how landscapes surrounding parks continue to change even after becoming highly
domesticated and populated, and how remote sensing technologies can be used to monitor and measure
such changes.
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(1997) figure 1.9.
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Field Sampling

We used a digitized park boundary® and created a 5-km zone outside the park boundary (hereafter called the
surrounding landscape) (Fig. 1), for inside-outside the park comparison. We chose 5 km because 20+ years of
informal observation by C. and L. Chapman indicate that this is the distance people might travel to get
resources, and animal movement outside the park stops before this distance.

We recorded standard training sample information [41] for a 3x3-Landsat TM pixel, or 90 m” areas, centered
on randomly generated points created for the study region, and described the vegetation and general
physical characteristics at each location, following a modified version of the Green et al. (2005) [41] protocol.
In addition, 150 3x3-pixel-sized training samples from inside KNP were collected in 2002-3 [42] and used for
comparison with the surrounding-landscape measurements.

2 While officially KNP now includes the ‘game corridor’ (234 km?), this corridor was acting as agricultural land until it
was formally gazetted as part of KNP in late 1993. Therefore, we did not classify it as park in this analysis. By doing
so, our analysis is conservative since the addition of the corridor would tend to lessen the difference between park and
non-park.
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Image Analysis

Image pre-processing

Landsat TM and ETM+ scenes from 26 May 1984, 17 January 1995, and 31 January 2003 were used in this
analysis. The latter two scenes were acquired at the end of the dry season when fallow agricultural lands can
be easily distinguished from forests. The 1984 scene was acquired near the end of the rainy season and was
the only available, cloud-free image within this time period. Our analysis accounts for the phenological
difference by undertaking independent image classifications to account for seasonally different spectral
signatures. Images were geometrically registered with an RMS error of less than 0.5 of a pixel (or 15 m) and
then radiometric calibration and atmospheric correction [40] was undertaken.

Image classification and change detection

Field data were used to determine the land-cover classes and then land-cover maps were derived for each
date by independent supervised classification of the Landsat scenes using a Gaussian maximum likelihood
classifier. The classification for this study identified five land-covers of forest, crops/bare land (including
short grass, crops, and kitchen gardens), wetlands (dominated by papyrus — Cyperus papyrus L.) combined
with elephant grass (Pennisetum purpureum S.), tea, and open water. Crops and bare land were combined
because all bare land encountered during three years of field work was recently cleared cultivated
agricultural fields, except for tea plantations that were bare during tree replacement or early growth. Bare
and early-growth tea plantations were discriminated by their location (within or adjacent to existing tea
plantations), size (always much larger than small-holder fields), and shape (mostly quadrilateral shapes
surrounded by similar areas). Separability analysis, examination of reflectance profiles, and preliminary
accuracy assessment indicated that papyrus swamps and patches of elephant grass had nearly identical
spectral signatures. Consequently they were indistinguishable with spectral data alone, thus we combined
the two classes into one for this analysis. The final accuracy assessment, using field samples collected in June
and July of 2005, indicated an overall classification accuracy of 89.1%, with a Kappa of 0.867 (Appendix 1). In
addition, validation was also undertaken of some areas of the 1984 classification, where there was overlap
with available aerial photography (1:31,000 scale aerial photography acquired December 1988). While a full
accuracy assessment was not undertaken (overlap areas were limited and dates did not coincide perfectly so
agriculture was difficult to compare) the land cover classes derived and overall classification accuracy
appeared high.

Land-cover classifications were used to create change trajectories, i.e.,sequences of successive changes in
land cover types [43]. This technique is used to determine the change between two or more time periods of
a particular region or for a particular land cover, and provides quantitative information on spatial and
temporal distribution of categories of land-cover change and landscape fragmentation [24, 43-47]. The
greater the number of land cover types or classes, and dates, the greater the number of change trajectories.
Thus,

m; = m¢

where m, is the number of trajectories, m. is the number of land cover classes and t is the number of images
in the temporal series [43]. In this study, with three dates and five classes in each date, there could be 125
possible change-trajectory classes. Interpretation of this many classes would be confusing but most are rare,
nonexistent, or are physically impossible. We restricted our analysis to those change-trajectory classes that
individually covered more than 1% of the total landscape, comprising 26 trajectory classes in the surrounding
landscape and nine within the park (Appendix 2).
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Landscape fragmentation

Landscape pattern metrics, such as the proportion of landscape in various land covers, mean patch size and
shape, edge density, interspersion-juxtaposition, contagion, etc. were calculated from land-cover
classifications derived from satellite remote sensing data acquired at three different dates (1984, 1995,
2003). Landscape metrics were calculated using Fragstats 3.3 [48] for individual-date images and the
trajectory-class image, both within the park and the surrounding landscape. Fragstats provides a
comprehensive set of spatial statistics and descriptive metrics of pattern at the patch, class, and landscape
levels [49] that provide useful quantification for analysis of landscape heterogeneity and change over time
[50]. A patch is defined as a spatial unit differing from its surroundings in nature or appearance (e.g., a tract
of forest surrounded by agricultural lands) [51]. Class is then defined as the collection of patches of a given
type [52]. The landscape is an aggregation of patches and classes of all types.

We compared descriptive metrics of land-cover pattern at the class level, between forest and the other
classes, across categories of land cover change, for both the individual land-cover images and for the change
trajectories. Many of the indices that can be calculated are redundant. We considered only the following
indices because they quantify different aspects of landscape structure [49]:

a) Proportion of the landscape covered by each land cover (PLAND).

b) Largest patch index (LPI): the area of the largest patch in each class, in hectares.

c) Number of patches (NP): the total number of patches of a given class.

d) Mean patch size (MPS): average patch size or area for a class, in hectares.

e) Edge density (ED): sum of length of all edge segments, divided by total area for each class.

f) Mean shape index (MSI): average complexity of patch shape for a land-cover class compared
to a square patch of identical area. For a single patch, the shape index is 1 when square, and
increases without limit as the patch becomes more irregular.

g) Interspersion-juxtaposition index (IJ1 — range 0-100): measures the degree of interspersion of
patches of a class, with all other classes. This index decreases as the distribution of patch
adjacencies among classes becomes increasingly uneven.

h) Clumpiness (CLUMPY —range -1 to +1): Measures the extent to which patches of a class are
aggregated. A value of —1 indicates even dispersal in the landscape. Zero indicates randomly
dispersed, and +1 indicates completely aggregated.

i) Connectivity (CONNECT - range 0-100): Measures the number of actual connections (within a
threshold distance) between all patches of a class divided by the total number of possible
connections, expressed as a percentage. A score of zero indicates that no patches are
connected, while 100% indicates that every patch of a class is connected with every other
patch. We set the threshold at 60 m, which is quite small.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
128



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.3 (2):122-142, 2010
-

Complete descriptions of these metrics, and equations for their calculation, are provided in McGarigal and
Marks (1995) [48]. The indices of LPI, NP, and MPS correspond to area metrics. Together with ED, these
provide indications of the degree of fragmentation for different land cover types and land cover change
trajectories. MSI and lJI provide metrics of shape and contagion/interspersion. CLUMPY and CONNECT are
indices of patch relationships within the landscape. Together we can use these indices to describe the
pattern of land cover distribution across the landscape and its change over time.

Results

Land-cover classification descriptions

Land-cover classifications from the three time periods (Fig. 2, Appendix 3: PLAND column) show extreme
contrast between the park and the surrounding area. The park is comprised of very large areas of forest
(nearly 90% of the area within the park), interspersed with smaller areas of both papyrus/elephant grass and
crops/bare land. The surrounding landscape is a fine-grained mosaic of all the land-cover classes, with
crops/bare and forested land covering nearly equal areas, papyrus/elephant grass and tea plantations
around the northern boundaries of the park, and a network of riparian or bottomland forests and papyrus
and other wetlands interspersed throughout. The water class is confined to several crater lakes.

0 25 5 10 15 ??(mmelels
- — S—

Legend
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I:I Ag-bare
B o Fig. 2. Land-cover classifications for (a) 1984, (b) 1995, and (c) 2003
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Land-cover change
Land-cover change is analyzed both as the percentages and patterns of each land cover at each image date,
and as the trajectory of each pixel in terms of the five classes (Fig. 2, 3).

Land-cover class properties at each image date

The proportion of forest changed little within and outside the park, while tea more than doubled between
1995 and 2003. The area identified as “tea” within the park was simply misclassified, usually in areas of
harvested pine plantations now regenerating with endemic trees (Southworth, personal observations).
Crops/bare in the surrounding landscape increased from 1984 to 1995, then decreased from 1995 to 2003,
while papyrus/elephant grass showed the reverse, suggesting that 1995 agriculture may have reverted to
fallow by 2003. The number of patches of each land-cover class and the size of the patches followed patterns
expected of predominantly forested landscape vs. fragmented forests in an agricultural matrix, with many
small forest patches in the surrounding landscape and few large patches in the park. The standard deviation
of patch area is noticeably high in the park, since there are a few extremely small patches and a few
extremely large patches, while the standard deviation is low in the surrounding landscape as there are many
small patches and no large patches.

The landscape indices support the visual impressions of patch size, shape, and patterns (Table 3).
Consistently across time there are a few large (and a few small) patches of forest with low perimeter-to-area
ratios in the park, and many small forest patches with higher perimeter-to-area ratios in the surrounding
landscape. The patches classified as crops/bare area are few and small in the park (where they are actually
natural grasslands), and numerous, but still small (3-5 ha) in the surrounding landscape. The
papyrus/elephant grass indices are difficult to interpret because they include both papyrus swamps, many of
which are linear and dendritic in valley bottoms, and elephant grass patches, many of which are more
regular-shaped fallow fields on slopes or hilltops. Interestingly, the IJI values for forest, crops/bare, and
papyrus/elephant grass show little difference between the park and the surrounding landscape. Tea has a
larger 1)1 difference, also suggesting that the “tea” in the park is something else, as previously discussed.

Land-cover trajectories

There is little temporal land cover change inside KNP, as would be expected of effectively functioning park
boundaries ( Appendix 2, Fig. 3). Only nine trajectories each covered more than 1% of the land area within
the park, and altogether these trajectories covered 91% of KNP: of these the “stable” (i.e., unchanging
between 1984 and 2003 image dates) forest covered over three-quarters of the area. In some small areas,
the forest seems to have encroached on both papyrus/elephant grass (P-P-F or P-F-F) and crops/bare (A-F-F
or A-A-F). This encroachment likely represents forest that is protected from fire and expanding into areas
that were dominated by elephant grass [53].

Outside KNP, there are 26 different trajectories that each covered more than 1% of the total area (Table 2b,
Appendix 2, Fig. 3). Of these, stable crops/bare (A-A-A) and stable forest (F-F-F) were the largest areas, but
covered only 16.0 and 13.2%, respectively. Most stable forest is in the valley bottoms and serves as a source
of firewood and other resources for nearby households as well as habitat and corridors for wildlife.

The most prominent changes outside the park are the linked increase of crops/bare from papyrus/elephant
grass from 1984 to 1995, a crops/bare decrease to 2003, and the more-than doubling of tea plantation area
from 1984 to 2003. The transition from papyrus/elephant grass to crops/bare and transition back is probably
the result of conversion of fallow land (bushland or tall grasses) to cultivated agriculture, followed by
abandonment of cultivation. There are a few areas, notably in the far north and northeastern part of the
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surrounding landscape, where obvious valley network papyrus wetlands were converted to agriculture
between 1984 and 1995 and appear to revert to papyrus/elephant grass from 1995 to 2003. Although
substantial conversion of papyrus/elephant grass to crops/bare occurred, we cannot differentiate between
papyrus wetlands and elephant grass, so we cannot be sure that this was wetland conversion. We hope to
address this with more advanced remote sensing techniques and more detailed fieldwork to attempt a
separation of these two important classes. However, reports from the area as well as our observations in the
field indicate that conversion of papyrus wetlands is a common agricultural activity even though wetlands
are protected by Ugandan law [54]. Large areas of this trajectory on the southwest side of the surrounding
landscape may be areas that were converted to cultivated agriculture, and then abandoned perhaps as a
result of the ongoing conversion to the conservation corridor. Many land uses are currently being excluded
from the corridor (C. Chapman, unpublished data) and some areas are starting to be planted with indigenous
tree species [55], and these results indicate that forest restoration will start to occur as these trees mature.

Landscape Pattern

Park vs. surrounding landscape

Appendix 3 shows how the class-specific pattern metrics varied among land-cover classes in the park and in
the surrounding landscape, and over time. Forests dominated the area within the park (PLAND) and had
larger mean patch size (LPI and MPS), but fewer patches (NP). Park forests had much less edge (ED) and were
more regularly shaped (MSI). Forest patches in both the park and surrounding landscape were adjacent to
about the same diversity of other land-cover types except for the most recent year when land conversion led
to more land-cover classes adjacent to surrounding landscape forests (lJI). Likewise, in-park forest patches
were clumpier (CLUMPY) and much more connected to other forest patches (CONNECT) at a local scale of a
60 m threshold while the level of connectivity is low.

Conversely, patches of crops/bare land in the surrounding landscape were larger, more numerous, and had
much more edge and more diversity of adjacent land covers. However, these areas had about the same
clumpiness and connectedness as those in the park. Since no agriculture is permitted within KNP, and
probably does not exist illegally because the Uganda Wildlife Authority has been diligent in its efforts to
eliminate it, within-park occurrences of crops/bare are probably lands that are natural short grasslands or
bare due to recent burns.

Tea plantations also do not exist in the park, so comparing park and surrounding landscape statistics on tea is
meaningless. Land-covers in the park interpreted as tea plantations are minor in amount. Interestingly,
papyrus/elephant grass covered more area and had more and larger patches in the surrounding landscape
than in the park, but also had more edge, less regular shapes, boundaries with more diversity of other land
covers, but roughly the same clumpiness and connectedness.

In contrast with the surrounding landscape, the park landscape can therefore be characterized as having
fewer, larger, more regularly shaped patches with lower diversity of adjacent land-cover classes, and the
patches are more connected than in the surrounding landscape, which has smaller, more diverse, i.e., more
fragmented land-cover distributions. These indices support the visual interpretation of the land-cover
classification maps (Fig. 3).

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
131



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.3 (2):122-142, 2010

Legend

I

Kibale Boundary
1984-1995-2003 Trajectory
Trajectories > 1% of Area

222 All Papyrusifetland

224 Wetland-Wetland-Ag/Bare
225 Wetland-Wetland-Forest
242 Wetland-Ag/Bare-Wetland
244 Wetland-Ag/Bare-Ag/Bare
245 Wetland-Ag/Bare-Forest
252 Wetland-Forest-Wetland
254 Wetland-Forest-Ag/Bare
255 Wetland-Forest-Forest
333 All Tea

343 Tea-Ag/Bare-Tea

353 Tea-Forest-Tea

422 Ag/Bare-Wetland-Wetland
424 Ag/Bare-VWetland-Ag/Bare
433 Ag/Bare-Tea-Tea

442 Ag/Bare-Ag/Bare-Wetland
443 Ag/Bare-Ag/Bare-Tea

444 All Ag/Bare

445 Ag/Bare-Ag/Bare-Forest
452 Ag/Bare-Forest-Wetland
453 Ag/Bare-Forest-Tea

454 Ag/Bare-Forest-Ag/Bare
455 Ag/Bare-Forest-Forest
522 Forest-Wetland-Wetland
525 Forest-VWetland-Forest
533 Forest-Tea-Tea

542 Forest-Ag/Bare-Wetland
544 Forest-Ag/Bare-Ag/Bare
545 Forest-Ag/Bare-Forest

552 Forest-Forest-VWetland

553 Forest-Forest-Tea

o] 2.5 5 10 15 2

ilometers

554 Forest-Forest-Ag/Bare

00RO T T |

555 All Forest

Fig. 3. Land-cover trajectories of Kibale National Park, Uganda, and its 5-km surrounding landscape.
Showing all those trajectories making up at least 1% of the landscape
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Change over time

Forest area grew somewhat in the park but was reduced in the surrounding landscape over the time period
of the study (1984-1995-2003) with most of the change in both areas occurring between 1995 and 2003. The
largest forest patches increased in size in both the park and surrounding landscape, but the mean patch size
nearly doubled in the park while decreasing by about 25% in the surrounding landscape. Edge density
decreased in both areas, while shape regularity remained about the same. There was an increase in diversity
of adjacent land covers in the surrounding landscape from 1995-2003 while the forest did not change much.
Neither clumpiness nor connectivity changed much in the forested land covers in either landscape from
1984-1995, but then connectivity dropped to nearly 0 in 1995. Recall that the threshold for calling a patch
connected to another patch was 60 m, so this change suggests that the intervening land covers have become
more extensive.

Landscape indices within each trajectory class.

Remaining permanent forest land was the largest trajectory in both the park and surrounding landscape,
although permanent crops/bare was a close runner-up in the surrounding landscape (Appendix 2). No other
trajectory class covered more than 2.4% of park area despite having many more individual patches than
forest. There was a much greater diversity of change trajectories outside the park, with the largest being
recent change from papyrus swamp/elephant grass to crops/bare (P-P-A), followed closely by P-A-P and P-A-
F. Both permanent papyrus swamp/elephant grass (probably all wetlands; P-P-P), and A-P-P covered slightly
greater than 3% of the landscape. Although they are spectrally confused with elephant grass, most of the
areas with trajectories that were papyrus in 2003 are found in dendritic, valley-bottom areas (Figure 3). Edge
density (ED), degree of clumpiness, and connectivity of the different trajectories all indicate a much more
fragmented landscape outside the park than inside over the entire study period (Appendix 2).

Discussion

Through various measures of analysis, from simple visual examination of composite satellite images to the
comparison of various landscape indices, KNP is clearly a forested island, surrounded by intensively-used
agricultural land characterized by highly fragmented and rapidly changing land covers (and consequently
land uses) (Fig.4.). Although effectively protected from human exploitation, the park itself has also changed,
with variation from one land-cover class to another (succession in the grassland areas, some variation from
papyrus/elephant grass to bare or burned areas).

Even though much of the land outside the park had been converted to agriculture prior to 1984, the
landscape became increasingly fragmented (i.e., there were more forest fragments and many became
smaller, more isolated over time). Moreover, the number of patches of all non-forest land covers increased,
but the mean patch size decreased. Edge density of all land covers was much higher outside the park while
connectivity was much lower at each image date. Measures of aggregation and connectivity also decreased
in the surrounding landscape over time.

Another prominent land-cover change outside the park was the increase in tea plantations from under 2% to
nearly 5% of the landscape. The major increase in tea occurred between 1995 and 2003, with a 130% (from
2.1% to 4.9% of the landscape) increase in plantation area. A portion of this land-cover increase may be
linked directly or indirectly to park establishment since much of it is in areas immediately adjacent to the
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park boundary. Although most of this land has high agricultural potential, the threat of crop raiding by
animals from inside the park in some cases has decreased the value of adjacent agricultural land [56, 57], so
these parcels may have been purchased by the tea estate companies at relatively low prices. In such a way,
the park becomes even more isolated from the natural environment, as tea continues to develop around its
boundaries, although it also develops here due to the presence of the park — proximity to wildlife and crop
raiding make this land cheaper to buy. Tea plantations seem to be immune to damage from animal raiding
since few wildlife species seem to travel directly through the tea [58]. The tea is unpalatable by would-be
crop raiders originating from the park. However, elephants continue to use tea company roads and paths for
passage to raid neighboring cultivated fields. So over time, the park becomes more islandized and the tea
plantations have increased in size and act as a buffer from wildlife to other forms of land use.

Fig. 4. KNP and its surrounding landscape, where (a) illustrates the stark contrast between the forested park and the
intensive agriculture outside the boundary, (b) shows tea fields located right outside the park, (c) shows intensive
mixed agricultural land use outside the park, and (d) shows the eucalyptus trees bordering the park, with a guard hut
for protecting fields from wildlife raiding right along the park boundary. All photos taken by J. Hartter.

Proximity to the park appears to offer both risks and some opportunity. As crops cultivated in fields closest
to KNP tend to be raided heavily [38, 56, 59], landholders face a challenge in making this land productive. By
replacing crops with trees or tea, families are able to provide fuel to their families and in both cases produce
a marketable commodity from land that has been deemed undesirable. In addition, some farmers want to
live closer to KNP because they feel they receive rain and fertile soil to cultivate crops at any time in the
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season and perceive other benefits [60]. Proximity to parks can also be an important indicator for associated
direct benefits, such as tourism, employment, and active engagement with park officials in resource
management.

The direct effects of the changes we have documented on the biological integrity of the park are largely
unknown. Furthermore, we have a poor understanding of how these changes will impact resource use by
communities, which will inevitably have indirect effects on the biology of the park. The analysis clearly
illustrates an increasing isolation of the park. While large mammal populations, such as elephants,
previously freely mixed throughout the region, populations in KNP are now isolated, with dispersal limited to
the game corridor connecting Queen Elizabeth National Park directly south of KNP and occasionally to the
forest patches and wetlands outside KNP. The long-term consequences of isolation will depend on their
initial population sizes, for which there are poor estimates at best for most mammals, and their present
genetic structure. The continuous loss of forest in the landscape surrounding the park has reduced or
eliminated many small populations. For example, between 1995 and 2003, 25% of the fragments that
supported red (Piliocolobus tephrosceles) and black and white (Colobus guereza) colobus monkeys were
cleared of forest and the population of black-and-white colobus in this landscape decreased by 55% [61].

Furthermore, these forest patches supported all the firewood needs of an average of 32 people who lived
immediately adjacent to the forests, and partially supported families up to 3 farms away (~400 m),
representing 576 people, and it is unclear how local communities will obtain their firewood once the forests
are converted [61, 62]. Furthermore, the loss of the firewood sources from the forest patches may lead to
indirect impacts on the park since people will have few alternatives to obtain firewood and other resources.
Overall, in terms of land cover change and fragmentation, KNP is maintaining its borders and remaining a
forested park. However, given the trends in the surrounding landscape of forest loss and increased
fragmentation, the future trajectory for this park is in question. It is only through putting such parks within a
landscape setting that such issues can be evaluated, since if the park was studied in isolation it would appear
to be successful, and this is really only a part of the story.

One multiple-case study that addresses the issue of park effects on surrounding landscapes [4] concludes
that tropical parks seem surprisingly effective at stopping land clearing within park boundaries. However, the
park examined in this study varied significantly in size, management strategy, and severity of threat. There is
a clear need for such broad research to be supplemented by detailed case studies. For example, from the
research presented here we see an example of a park which has experienced limited land cover change when
compared to the surrounding landscape, and the forest itself has remained largely intact, in part due to
agriculture and most extractive activities within the park being banned [18]. Despite many negative
associations with this model of conservation, park policies have been successful at least in maintaining forest
cover and biodiversity for KNP. Instead, population increase and most extractive pressures and land cover
change have been concentrated in the area surrounding KNP, reinforcing the park’s island character and
perhaps highlighting future problems and issues for park survival as such an “island.” Isolation of parks, such
as is shown here in KNP, may be an inevitable long-term outcome of protection, with both negative and
positive implications. Overall the context and detail from such individual case studies provides an excellent
supplement to the more broad scale and often contradictory research studies [10, 11] found in the literature.
Such context specificity is greatly needed to highlight the more localized but important trends across these
increasingly islandized park landscapes.
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Implications for conservation

The results for KNP are optimistic in terms of conservation as the park has maintained its forest cover over
time, and appears to be a success. However, it is also clear that KNP exists as an island in the landscape and
as such its future may be uncertain, especially given potential future changes such as increased climate
variability, climate change, and increasing human population. The presence of this park within the larger
landscape is a key context for the study, as looking only within park borders misses much of the story — e.g.
pressure on the park for clearing for firewood, agriculture, etc. An additional concern for conservation is the
biodiversity issue; with increasing loss of natural land covers (forest and wetlands) outside the park having
significant impacts on different animal populations, which links to future biodiversity both across the larger
landscape and within the park itself in the future. Overall then, while KNP seems to be a conservation
success, implications for future changes are significant based on increasing pressure on park resources, loss
of biodiversity, and problems of increasing islandization of KNP

Conclusion

The main conclusions to be drawn from this land cover classification and fragmentation change analysis of
Kibale National Park and its surrounding landscape are: Kibale National Park is now a forest island within an
agricultural landscape; forest fragmentation continues outside the park, despite major clearance prior to the
beginning of study in 1984; the park may have stimulated some of the expansion of neighboring tea and the
landscape within the park changed over time. These changes are heterogeneous in space and time and land-
cover distribution. We have little idea yet of how the continued fragmentation outside the park, and the
isolation of the park, especially with impervious land covers on the boundary, affect biodiversity either inside
or outside the park. Future work suggested by this study includes examining the relationship between
fragmented forests and biodiversity, effects of impermeable land covers on the boundary of the park, and
how people and wildlife respond to the isolation of the park. Overall, however, this research highlights the
continued need for detailed case studies, in addition to the larger scale broader research compilations and
overviews.

Acknowledgements

We gratefully acknowledge support for this research from the National Science Foundation (#0352008) as
well as additional support from the College of Liberal Arts and Sciences and the School of Natural Resources
and Environment at the University of Florida. The imagery used in this analysis was purchased in part
through NSF (SBR-9521918) as part of the ongoing research at the Center for the Study of Institutions,
Population, and Environmental Change (CIPEC) at Indiana University. Colin Chapman and Lauren Chapman
were funded by Canadian Research Chairs Program, Wildlife Conservation Society, Natural Science and
Engineering Research Council of Canada. Permission to conduct this research was given by the National
Council for Science and Technology and Uganda Wildlife Authority. We thank Claudia Stickler for her data
and continued cooperation with Makerere University Biological Field Station. We are especially grateful to
field assistants Benjamin Kisembo, Joseph Byaruhanga, Erimosi Agaba, Peace Mwesigwe, Emmanuel
Aliganyira, Lawrence Tusime, Clovice Kaganzi, Jovan Mugenyi for their hard work and diligence in data
collection. Finally, we wish to thank two anonymous reviewers whose comments, insights and feedback
significantly improved this paper.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
136



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.3 (2):122-142, 2010

References

[1] Struhsaker, T.T., Struhsaker, P.J., and Siex, K.S. 2005. Conserving Africa’s rain forests: problems in
protected areas and possible solutions. Biological Conservation 123:45-54.

[2] Howard, P. Davenport, T. Kigenyi, F., Viskanic, P., Baltzer, M., Dickinson, C., Lwanga, J., Matthews, R.,
and Mupada, E. 2000. Protected area planning in the tropics: Uganda’s national system of forest nature
reserves. Conservation Biology 14(3):858-875.

[3] Hansen, A.J. and R. DeFries. 2007. Ecological mechanisms linking protected areas to surrounding lands.
Ecological Applications 17:974-988.

[4] Bruner, A. G., R. E. Gullison, R. E. Price, and G. A. B. da Fonseca. 2001. Effectiveness of parks in
protecting tropical biodiversity. Science 291, 125-128.

[5] DeFries, R., Hansen, A., Newton, A., and Hansen, M. 2005. Increasing isolation of protected areas in
tropical forest over the past twenty years. Ecological Applications 15:19-26.

[6] Hartter, J. 2010. Resource Use and Ecosystem Services in a Forest Park Landscape. Society & Natural
Resources 23(3):207-233.

[7] Brockington, D., J. Igoe, and K. Schmidt-Soltau. 2006. Conservation, human rights, and poverty
reduction. Conservation Biology 20(1):150-252.

[8] Wilkie, D.S., Morelli, G.A., Demmer, J., Starkey, M., Telfer, P., and M. Steil. 2006. Parks and people:
assessing the human welfare effects of establishing protected areas for biodiversity conservation.
Conservation Biology 10(1):247-249.

[10] Wittemyer, G., P. Elsen, W.T. Bean, A. , Burton, C.0. and Brashares, J.S. 2008. Accelerated Human
Population Growth at Protected Area Edges. Science 321:124-126.

[11] Joppa, L.N,, Loarie, S.R., and Pimm, S.L. 2009. On population growth near protected areas. PLoS ONE
4(1): e4279

[12] McNeely, J. and Scherr, S. 2001. Common Ground, Common Future: How Ecoagriculture Can Help Feed
the World and Save Wild Biodiversity. The World Conservation Union. Gland, Switzerland. 28p.

[13] Bruner, A.G., Gullison, R.E., Rice, R.E., and da Fonseca, G.A.B. 2001. Effectiveness of parks in
protecting tropical biodiversity. Science 291:125-128.

[14] Brandon, K., Redford, K.H. and Sanderson, S.E. Eds. 1998. Parks in Peril: People, Politics, and Protected
Areas. Island Press, Washington, DC,USA.

[15] Child, B., Ed. 2004. Parks in transition: Biodiversity, RuralDdevelopment and the Bottom Line.
Earthscan, London, England.

[16] DeFries, R., A. Hansen, B.L. Turner, R. Reid, and Liu, J. 2007. Land use change around protected areas:
Management to balance human needs and ecological function. Ecological Applications 17(4):1031-
1038.

[17] Joppa, L.N., Loarie, S.R., and Pimm, S.L. 2008. On the protection of protected areas. Proceedings of the
National Academy of Sciences (USA) 105(18):6673-6678.

[18] Struhsaker, T. 1997. Ecology of an African Rain Forest: Logging in Kibale and the Conflict Between
Conservation and Exploitation. University Press of Florida. Gainesville, FL.

[19] Struhsaker, T., (1987). Forestry issues and conservation in Uganda. Biological Conservation 39, 209-
234,

[20] Riitters, K., Wickham, J., O’Neill, R., Jones, B., and Smith, E. 2000. Global-scale patterns of forest
fragmentation. Conservation Ecology 4( 3). Available: URL: http://www.consecol.org/vol4/iss2/art3.
[21] Sanchez-Azofelfa, G.A., Castro, K.L., Rivard, B., Kalascka, M.R. and R.C. Harriss. 2003. Remote sensing

research priorities in tropical dry forest environments. Biotropica 35(2):134-142.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
137



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.3 (2):122-142, 2010
-

[22] DeFries, R., Karanth, K.K., and Pareeth, S. 2010. Interactions between protected areas and their
surroundings in human-dominated tropical landscapes. Ecological Applications. Currently available
online, not yet in published journal

[23] Lele, M., H. Nagendra and Southworth, J. 2010. Accessibility, demography, and protection: drivers of
forest stability and change at multiple scales in the Cauvery Basin, India. Remote Sensing 2: 306-332.

[24] Southworth, J., Munroe, D., and Nagendra, H. 2004. Land cover change and landscape fragmentation
— comparing the utility of continuous and discrete analyses for a western Honduras region. Agriculture,
Ecosystems and Environment 101:185-205.

[25] Forman, R.T.T. 1995. Land Mosaics. The Ecology of Landscapes and Regions. Cambridge University
Press. Cambridge.

[26] Rivard, D. H., Poitevin, J., Plasse, D., Carleton, M., and Currie, D. J. 2000. Changing species richness
and composition in Canadian national parks. Conservation Biology 14:1099-1109.

[27] Parks, S.A. and Harcourt, A.H. 2002. Reserve size, local human density, and mammalian extinctions in
US protected areas. Conservation Biology 16:800-808.

[28] Mladenoff, D.J., M.A. White, J. Pastor, and Crow, T.R. 1993. Comparing spatial pattern in unaltered
old-growth and disturbed forest landscapes. Ecological Applications 3:294-306.

[29] Wrangham, R. and E. Ross (Eds.). 2008. Science and Conservation in African Forests. Cambridge
University Press. Cambridge.

[30] Forman, R.T.T. 1995. Some general principles of landscape and regional ecology. Landscape Ecology
10(3):133-142.

[31] Western, D. 1997. In the dust of Kilimanjaro, Island Press/Shearwater Books, Washington, DC.

[32] Neumann, R. 1998. Imposing Wilderness: Struggles Over Livelihoods and Nature Preservation in
Africa. University of California Press. Berkeley.

[33] Barrow, E., Gichohi, H., and Infield, M. 2000. Rhetoric or Reality? A Review of Community Conservation
Policy and Practice in East Africa. Evaluating Eden Series No. 5. International Union for Conservation of
Nature and Natural Resources. Gland.

[34] UN, Population Division. 2002. World Population Prospects: The 2000 Revision and World
Urbanization Prospects: The 2001 Revision. http://esa.un.org/unpp.

[35] Edmunds, D. 1997. Continuity and change in the resource management institutions of communities
bordering the Kibale Forest Park, Uganda. PhD dissertation. Clark University. Worcester, MA.

[36] Chapman, C.A. and Lambert, J.E. 2000. Habitat alteration and the conservation of African primates: A
case study of Kibale National Park, Uganda. American Journal of Primatology 50:169-186.

[37] Naughton-Treves, L., Treves, A., Chapman, C, and Wrangham, R.W. 1998. Temporal patterns of crop-
raiding by primates: linking food availability in croplands and adjacent forest. Journal of Applied
Ecology 35:596-606.

[38] Hartter, J. 2009. Attitudes of rural communities towards wetlands and forest fragments around Kibale
National Park, Uganda. Human Dimensions of Wildlife 14(6):433-447.

[39] NEMA. 1997. Kabarole district environment profile. National Environment Management Authority,
Kampala, Uganda.

[40] Naughton-Treves, L. 1998. Predicting patterns of crop damage by wildlife around Kibale National
Park, Uganda. Conservation Biology 12: 156-168.

[41] Green, G.M., C.M. Schweik, and Randolph, J.C. 2005. Retrieving land-cover change information from
Landsat satellite images by minimizing other sources of reflectance variability. In: Seeing the Forest and
the Trees: Human-Environment Interactions in Forest Ecosystems. Moran, E.F. and Ostrom, E. (Eds.). pp.
131-160. MIT Press, Cambridge, MA.

[42] Stickler, C.M. and Southworth, J. 2008. Application of a multi-scale spatial and spectral analysis to
predict primate occurrence and habitat associations in Kibale National Park, Uganda. Remote Sensing of
Environment 112:2170-2186

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
138


http://www.clas.ufl.edu/lueci/southworth/pubs-as-pdf/stickler-and-southworth-2008-RSE.pdf�
http://www.clas.ufl.edu/lueci/southworth/pubs-as-pdf/stickler-and-southworth-2008-RSE.pdf�

Mongabay.com Open Access Journal - Tropical Conservation Science Vol.3 (2):122-142, 2010
-

[43] Petit, C., Scudder, T., and Lambin, E. 2001. Quantifying processes of land-cover change by remote
sensing: resettlement and rapid land-cover changes in south-eastern Zambia. International Journal of
Remote Sensing 22: 3435-3456.

[44] Macleod, R.D. and R.G. Congalton. (1998). A Quantitative Comparison of Change Detection Algorithms
for Monitoring Eelgrass from Remotely Sensed Data. Photogrammetric Engineering & Remote Sensing
64(3): 207-216.

[45] Mertens, B. and Lambin, E.F. 2000. Land cover-change trajectories in Southern Cameroon. Annals
Association of American Geographers 90(3):467-495.

[46] Helmer, E.H. 2000. The landscape ecology of tropical secondary forest in montane Costa Rica.
Ecosystems 3(1):98-114.

[47] Nagendra, H., J. Southworth, and Tucker, C. 2003. Accessibility as a determinant of landscape
transformation in western Honduras: linking pattern and process. Landscape Ecology 18(2):141-158.
[48] McGarigal, K. and Marks, B.J. 1995. FRAGSTATS: spatial pattern analysis program for quantifying
landscape structure. Gen. Tech. Rep. PNW-GTR-351. Portland, OR: U.S. Department of Agriculture,

Forest Service, Pacific Northwest Research Station.

[49] Haines-Young, R. and Chopping, M. 1996. Quantifying landscape structure: A review of Landscape
Indices and their application to forested landscapes. Progress in Physical Geography 20(4):418-445.

[50] Imbernon, J., and Branthomme, A. 2001. Characterization of landscape patterns of deforestation in
tropical rain forests. International Journal of Remote Sensing 22:1753-1765.

[51] Wu, J. and Loucks, O.L. 1995. From balance of nature to hierarchical patch dynamics: a paradigm shift
in ecology. The Quarterly Review of Biology 70(4):439-466.

[52] McGarigal, K. 2002. Landscape pattern metrics. In: Encyclopedia of Environmentrics. El-Shaarawi,
A.H. and Piegorsch, W.W. (Eds.). Volume 2. pp. 1135-1142. John Wiley & Sons, Sussex, England.

[53] Lwanga, J.S. 2003. Forest succession in Kibale National Park, Uganda: implications for forest
restoration and management. African Journal of Ecology 41:9-22.

[54] Hartter, J. and Ryan, S.. 2010. Top-down or bottom-up? decentralization, natural resource
management, and usufruct rights in the forests and wetlands of western Uganda. Land Use Policy
27(3):815-826.

[55] Verweij, H.J.A. and Emmer, .M. 1998. Implementing carbon sequestration projects in two contrasting
areas: the Czech Republic and Uganda. The Commonwealth Forestry Review 77:203-208.

[56] Naughton-Teves, L. 1997. Farming the forest edge: vulnerable places and people around Kibale
National Park, Uganda. Geographical Review 87(1):27-46.

[57] Byomuhangi, D. 2006. LC1 Kihoima Zone, Bigodi Parish. Personal communication July 7, 2006.

[58] Kiirya, L. 2005. Kiko Tea Estate Manager, James Finlays (Uganda) Limited. Personal communication
July 12, 2005.

[59] Hill, C. 1997. Crop raiding by wild vertebrates: the farmers’ perspective in an agricultural community
in western Uganda. International Journal of Pest Management 43(1):77-84.

[60] Hartter, J. and Goldman, A.C. In press. Local responses to a forest park in western Uganda: alternative
narratives on fortress conservation. Oryx.

[61] Chapman, C.A., L. Naughton-Treves, M.J. Lawes, M.D. Wasserman, and Gillespie, T.R. 2007. The
conservation value of forest fragments: explanations for population decline of the colobus of western
Uganda. International Journal of Primatology. 28(3):513-528.

[62] Naughton-Treves, L., Kammen, D.M., Chapman, C.A. 2007. Burning biodiversity: woody biomass use
by commercial and subsistence groups in western Uganda’s forests. Biological Conservation 134:232-
241.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
139



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.3 (2):122-142, 2010

Appendix 1. Accuracy Assessment of the 2003 land cover classification of Landsat ETM image
for five land-cover types

Ground Reference Classes

User's

Classification Water Papyrus/El. grass Tea Crops/bare soil  Forest ow Accuracy
Totals

(%)
Water 20 0 0 0 0 20 100.0
Papyrus/El. grass 0 27 0 1 3 31 87.1
Tea 0 0 16 3 0 19 84.2
Crops/bare soil 0 2 0 19 2 23 82.6
Forest 0 3 0 1 40 44 90.9
Column Total 20 32 16 24 45 137
Producer's
Accuracy (%) 100.0 84.4 100.0 79.2 88.9 89.1
Kappa statistic = 0.867

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
140



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.3 (2):122-142, 2010
-

Appendix 2. Land Cover Trajectories landscape analyses, (a) Within Kibale National Park, for all
trajectories which represent over 1% of the total land cover, and (b) Landscape around Kibale
National Park, for all trajectories which represent over 1 % of the total land cover.

(a)

TYPE PLAND NP LPI ED CLUMPY 1J1 CONNECT COH
F-F-F 78.4 715 35.74 20.42 0.91 69.68 0.26 99.98
P-F-F 11 4120 0.05 6.86 0.40 39.03 0.03 76.10
A-F-F 1.7 3537 0.02 6.53 0.42 48.67 0.03 70.93
F-P-F 2.0 6441 0.01 8.96 0.22 27.90 0.02 43.92
F-A-F 1.0 2212 0.28 3.11 0.55 58.21 0.04 88.26
A-A-P 2.4 1020 0.04 0.80 0.57 62.85 0.10 81.66
P-P-P 1.0 869 0.03 0.97 0.57 66.93 0.12 83.10
A-F-A 2.3 1587 0.01 2.35 041 77.42 0.06 67.64
F-P-P 1.1 1105 0.10 1.49 0.56 68.69 0.09 88.65

(b)
TYPE PLAND NP LPI ED CLUMPY 1J1 CONNECT COH
A-A-A 15.7 7953 0.302 20.36 0.68 73.11 0.020 94.13
F-F-F 19.0 6196 0.387 16.78 0.67 80.56 0.023 95.68
P-A-P 5.5 7459 0.175 11.66 0.55 76.52 0.015 90.05
A-A-P 2.6 9964 0.062 14.03 0.45 68.25 0.013 78.71
P-A-A 15 8885 0.026 13.46 0.47 72.45 0.016 77.54
P-P-P 3.3 6830 0.017 10.79 0.47 81.78 0.019 77.25
A-P-P 3.4 6783 0.015 9.20 0.44 75.06 0.018 72.22
P-F-F 2.7 8091 0.029 9.13 0.34 75.53 0.014 69.26
F-A-A 1.6 6894 0.008 7.08 0.37 76.36 0.014 61.76
F-F-A 1.6 6307 0.006 6.54 0.38 79.57 0.017 62.77
A-P-A 2.1 6449 0.012 7.36 0.36 64.48 0.018 66.14
A-F-F 2.5 6804 0.004 6.34 0.31 76.76 0.014 55.38
F-A-F 2.0 5940 0.012 5.82 0.36 78.27 0.014 63.36
F-F-P 2.8 6914 0.003 6.73 0.29 77.56 0.014 51.07
A-A-F 1.4 6136 0.010 5.76 0.32 75.77 0.014 56.66
P-P-A 6.9 5275 0.011 5.40 0.32 77.55 0.021 59.88
P-A-F 4.6 5404 0.008 5.44 0.31 80.13 0.017 61.52
F-P-P 3.2 4998 0.017 4.99 0.33 79.75 0.019 62.50
A-F-A 15 5867 0.002 5.09 0.27 79.09 0.014 46.78
P-F-P 2.2 6293 0.005 5.70 0.24 85.17 0.014 47.28
P-F-A 3.8 5499 0.003 4.79 0.25 84.43 0.016 45.37
F-A-P 2.0 4937 0.006 4.32 0.26 82.45 0.015 48.29
F-P-F 1.8 5273 0.002 4.34 0.23 70.17 0.016 41.92
P-P-F 6.9 4519 0.003 3.99 0.25 79.35 0.017 48.15
F-F-T 6.9 2681 0.008 2.04 0.41 51.97 0.033 65.65
A-F-P 2.2 5052 0.003 4.06 0.21 84.86 0.014 39.62

Where PLAND is % land in this cover type, NP is number of patches, LPI is the Largest Patch Index, ED is edge density, CLUMPY is
the clumpiness index, 1J1 is the Interspersion Juxtaposition Index, CONNECT is a measure of connectivity (in this case with a 60-m
threshold), and COH is a measure of the covers cohesiveness. Where F = forest, A = Agriculture, P= papyrus and elephant grass, and
T = tea.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org
141



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.3 (2):122-142, 2010
-

Appendix 3. Landscape Fragmentation statistics for (a) the Park and (b) the Surrounding
Landscape for the five land cover classes across the three dates of study

(@)
PLAND LPI NP UL ED MSI 1] CLUMPY | CONNECT | COHESION
YEAR (%) (ha)
Forest 1984 86.3 39.54 672 73.3 18.70 1.18 65.2 0.94 0.152 100.0
1995 85.5 25.64 668 73.1 12.85 1.16 62.8 0.95 0.122 100.0
2003 90.1 41.49 412 | 1249 13.39 1.17 65.9 0.96 0.000 100.0
Crops/Bare 1984 7.2 0.31 3424 1.2 12.47 1.21 53.4 0.71 0.011 90.1
1995 7.5 0.11 2162 1.7 6.78 1.27 54.2 0.73 0.016 91.3
2003 2.1 0.04 1322 0.9 4.64 1.24 62.6 0.62 0.000 82.6
Tea 1984 0.6 0.03 750 0.4 1.72 1.15 39.1 0.49 0.032 75.8
1995 0.6 0.01 745 0.4 1.10 1.14 25.5 0.51 0.026 71.8
2003 1.1 0.04 878 0.7 2.38 1.14 39.9 0.64 0.000 82.6
Papyrus/ 1984 6.0 0.36 4267 0.8 13.16 1.18 44.8 0.63 0.010 92.2
Elephant
Grass 1995 6.3 0.23 6995 0.5 10.48 1.13 41.0 0.58 0.005 87.9
2003 6.6 0.38 3262 1.2 11.12 1.18 39.7 0.71 0.000 92.6
Water 1984 0.0 0.00 2 0.1 0.00 1.17 50.0 -1.00 0.000 21.7
1995 0.1 0.00 33 0.2 0.03 1.09 80.7 0.27 0.000 43.2
2003 0.1 0.00 159 0.2 0.26 1.11 74.0 0.22 0.000 40.4
(b)
PLAND LPI NP MPS ED MSI ul CLUMPY | CONNECT | COHESION
YEAR (%) (ha)
Forest 1984 31.6 2.33 6975 3.3 33.74 1.32 65.1 0.74 0.010 98.5
1995 32.4 1.82 6096 3.9 36.64 1.31 66.4 0.74 0.011 98.7
2003 29.1 2.69 7441 2.8 30.03 1.30 72.0 0.75 0.000 98.3
Crops/ Bare 1984 38.4 431 8543 33 35.39 1.29 60.2 0.77 0.008 98.7
1995 45.7 5.21 5996 49 37.02 1.31 58.6 0.79 0.012 99.2
2003 37.0 2.77 7102 3.8 34.89 1.29 63.3 0.76 0.000 98.8
Tea 1984 1.8 0.01 3263 0.4 4.44 1.15 54.4 0.48 0.009 72.5
1995 21 0.08 1954 0.8 3.77 1.17 44.7 0.65 0.014 86.3
2003 49 0.10 4249 0.8 7.32 1.15 68.0 0.67 0.000 88.6
Papyrus/ 1984 27.8 0.98 10485 2.0 39.93 1.31 51.0 0.66 0.007 97.5
Elephant Grass 1995 19.3 0.61 10211 1.4 34.08 1.30 50.5 0.63 0.006 94.3
2003 28.6 0.72 9842 2.1 37.48 1.34 55.7 0.68 0.000 96.4
Water 1984 0.3 0.02 59 3.4 0.15 1.14 27.0 0.89 0.468 91.5
1995 0.5 0.02 76 3.3 0.21 1.18 65.2 0.88 0.140 91.1
2003 0.4 0.02 311 1.0 0.41 1.10 95.8 0.80 0.000 84.6

Where PLAND is % land in this cover type, NP is number of patches, LPI is the Largest Patch Index, MPS is Mean Patch Size (ha),
ED is edge density, MSI is Mean Shape Index with higher values indicating increased complexity, 1J1 is the Interspersion
Juxtaposition Index, CLUMPY is the clumpiness index, CONNECT is a measure of connectivity (in this case with a 60-m threshold),
and COHESION is a measure of the covers cohesiveness
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