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Abstract
Geographic Information Systems and aerial photography were used to document temporal
and spatial changes in landscape patterns of native forests in the Eastern ridges of Bogotá,
and to identify areas to preserve these forests. Landscape patterns were quantified for six
years between 1940 and 1998. Forest fragmentation was revealed as an increase in the
homogeneity of the spatial distribution of the native forest remnants. Patchiness decreased
in the native forest landscape along the 58-year period because of patches disappearance,
and total area decreased significantly from about 325 ha in 1955 to 54 ha in 1982. A slight
increase was observed in 1998, due to strict measures adopted by the local government to
preserve the native forest. Existing native forest patches and nearby areas that were no
longer covered by forest were considered as potential areas for conservation. Other
conservation areas were identified using a predictive model based on suitable
environmental conditions for forest growth. Since the native forest landscape of the Eastern
ridges has been severely affected by human activities, the predictive model was proposed as
a tool in conservation decision-making because of possible inclusion of new parameters as
new data become available.

Key words: aerial photography, conservation, geographic information systems, landscape
fragmentation
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Introduction

Spatial pattern, generated by processes at various scales, are the hallmark of a landscape
(Urban et al. 1987). Among those processes human activities play a major role in shaping
the landscape (Zube 1987; Etter 1990; Crumley 1993; Duncan et al. 1999), creating a
mosaic of natural and human-managed patches that vary in size, shape, and arrangement
(Krummel et al. 1987; Li et al. 1993; Luque et al. 1994; Hulshoff 1995). Of particular
concern is the division of natural landscapes into smaller units leaving isolated remnants of
the original vegetation communities (Luque et al. 1994; Murcia 1995). As mentioned by
Forman (1995), this spatial process can increase habitat loss and isolation, patch size
reduction and eventually small patches disappearance. Knowledge of the sequence of these
spatial changes, can not only provide insights into regional landscape dynamics (Hall et al.
1991), but also is imperative for devising more effective management strategies of land
resources (Urban et al. 1987; Franklin 1993; Spies et al. 1994; White and Mladenoff 1994;
Pan et al. 1999), even within existing conservation practices and programs (Simpson et al.
1994). A thorough comprehension of the patterns of historical changes will enhance our
capability to understand (Turner and Ruscher 1988) and predict future landscape dynamics
(Kienast 1993). In fact, before the interaction between landscape structure and ecological
processes can be understood, landscape patterns must be identified and quantified (Turner
1990; Hulshoff 1995). This is especially important in rural settings, where conflicts often
arise between the multiple social, economic and ecological functions of the landscape (Pan
et al. 1999).
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Mountain environments, like the Eastern ridges of Bogotá, are among the most fragile
ecosystems on earth (Eckholm 1975). When the environment starts to deteriorate on steep
mountain slopes, it does so quickly -far more so than on gentler slopes and on plains, and
the damage is far more likely to be irreversible (Eckholm 1975). The damage to the Eastern
ridges has been observed since the foundation of Bogotá in 1538. Ancient resources
exploitation and recent urban settlement in gentle slopes have altered the original mountain
landscape as a whole. Because the ridges have in this way played a significant role in the
urban development of this seven-million-inhabitants city, great effort has been made to
know them in a detailed way. Some studies have described the current vegetation and fauna
of the region (Montes y Eguiluz 1996; Uribe et al. 1997; Bachaqueros 1998; Villegas
2000), the geological composition (Ujueta 1963), hydro meteorological hazards (Proaño
2001), forest recovery strategies (Jardín Botánico JCM 2000), the economical (Herrador
1996; Mejía 1998; Hueth et al. 2000), and the recreational value (CPU-CETIH 1972) and
strategies of urban planning of the area (Cubillos 1998). A few have concentrated on
temporal changes (Hassidoff 1996; CADSA-DAPD 1997; CIFA-CIE 1999; Villegas 2001;
IGAC-DAMA 2001), most of them using historical aerial photography. Although forests
have been considered, none of these studies have put an emphasis on native forest patches.
We also lack information on patterns of native forest fragmentation, and potential
conservation areas have not been described clearly with a landscape perspective yet.
Therefore, the scientific and the resource management community still do not fully
understand the cumulative impact of human activities at the landscape level.

We can monitor landscape structure by means of aerial photography (Etter 1990; Cohen
et al. 1996; Bongers 2001; Páramo and Ramírez 2001), and then examine patch dynamics
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on a landscape scale, which involves patterns of disturbance and subsequent patterns of
succession (Pickett and Thompson 1978). In this study a historical record of aerial
photography was used. Spatial distribution of patches was studied in a set of photographs,
that were described with the aid of landscape metrics that characterized habitat
fragmentation.

Knott et al. (1998) stated that decisions in the selection of areas for restoration of a
particular habitat over existing cleared or disturbed lands, should include past spatial
distribution of this habitat. They determined that this information assists in answering such
pressing management questions about whether to fully protect areas where that particular
habitat is currently not present. In this study, this approach was proposed as a tool in
decision-making of native forest patches conservation. Another approach to support
conservation decision-making was modeling activity based on geographical information
systems (GIS) which can be used in zoning land (Aspinall 1993). In the present study, these
two conservation strategies were considered under a landscape perspective because
ecological theory suggests that conservation at large scales is preferred (Schwartz 1999),
and because approaches at the levels of ecosystems and landscapes are the only way to
conserve the large biodiversity of neotropical forests (Franklin 1993).

The first objective of this study was to quantify landscape patterns of the native forests
in a northern sector of the Eastern ridges of Bogotá, by comparing temporal changes of
patch distribution for maps obtained from a record of aerial photography between 1940 and
1998. The second objective was to identify areas that could be used in future conservation
or restoration programs.
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Study area

On the eastern flank of the Savannah of Bogotá in the Department of Cundinamarca (Figure
1), are the ‘Cerros Orientales’ or Eastern ridges (Figures 2 and 3), with altitudes between
2,800 to 3,600 meters. They belong to the capital district of Bogotá and encompasses about
15,000 ha. It was chosen to work with the area described by CADSA-DAPD (1997)
(Eastern ridges shown in Figure 1) because they produced fully documented and detailed
maps of this part of the ridges with a total area of 10,731.62 ha.

The ridges run north-south and slopes vary throughout their length, dividing the western
flank into three zones (Villegas 2000). The northern zone is slightly inclined and undulated
with slopes of 12% to 50%, the central one, has steep slopes, of more than 50%, and the
southern one, is steeply inclined, though less than the center region (Villegas 2000). In the
ridges, the soil is very acidic and of low fertility and a great part of the area is not suitable
for agricultural activity (CADSA-DAPD 1997; Bachaqueros 1998; Villegas 2000).

The Eastern Ridges have a humid climate with a biannual cycle of rains, and a
precipitation that fluctuates between 600 mm and 1,300 mm (CADSA-DAPD 1997;
Villegas 2000). Breaches along the ridges gives rise to zones of greater humidity and
stronger air currents (Villegas 2000).

Native vegetation remnants of the ridges are classified as: ‘Páramo’, High Andean
forests, and Low Andean forests (CADSA-DAPD 1997, Bachaqueros 1998, Villegas 2000).
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Figure 1. Location of study area.

In this study both types of Andean forests are referred to as native forests of the Eastern
Ridges. These forests are found between 2,800 and 3,200 meters of altitude (CADSADAPD 1997; Villegas 2000). They are made up of a great diversity of plant species, with
the exception of homogenous zones where only ‘encenillo’ (Weinmannia tomentosa) and
‘gaque’ (Clusia multiflora) are found (CADSA 1997; Bachaqueros 1998; Villegas 2000).
However, in well preserved areas we can also find ‘cucharos’ (Myrsine guinensis),
‘canelos’ (Drymis granadensis) and ‘mano de oso’ (Oreopanax floribundum) (CADSA
1997; Uribe et al. 1997; Bachaqueros 1998; Villegas 2000). Some native forests are of late
6

Figure 2. Panoramic view of the ridges in the sector between streets 53 and 72 (Villegas 2000).

Figure 3. Panoramic view of the ridges in the vicinity of street 78 (Villegas 2000).
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secondary succession and are distributed in an array of patches of varied extension.
Fragmentation has been caused by logging, mineral extraction and suburban expansion
(CADSA 1997; Bachaqueros 1998; Villegas 2000). The areas that have been more severely
disturbed are those of lower altitudes that had forests with ‘cedros’ (Cederla montana),
‘chuwacás’ (Prunus buxifolia), ‘tibares’ (Escallonia paniculata) and ‘arrayanes’
(Myrcianthes leucoxyla) (Bachaqueros 1998). Other zones are characterized by a mixture of
native and exotic species, such as eucalyptus and pine trees (CADSA-DAPD 1997;
Bachaqueros 1998; Villegas 2000; see Figure 4).

The scarcity of the presence of the local vegetation of the ridges prevailed during the
pre-Hispanic period, but it was severely affected during the colonial period up to the
beginning of the last century (CADSA-DAPD 1998; CIFA-CIE 1999; Villegas 2000).
Initially, human activities included the extraction of timber, charcoal and encenillo’s bark,
but were then followed by the expansion of the quarry industry for sand and rock
extraction. A very limited law and a poor system of control, allowed illegal occupation of
the Eastern ridges, by both poor and rich people of Bogotá (CADSA-DAPD 1997;
Bachaqueros 1998; CIFA-CIE 1999; Villegas 2000). More recently, restoration and
conservation programs devised by the Capital District government have helped promote
native forest growth.
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Figure 4. Photograph of the three main kinds of forest found in the Eastern ridges (Villegas 2000).
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Methods

Aerial photography analysis

This analysis was done as a preliminary stage to accomplish the first and the second
objectives of this study by producing maps of the spatial distribution of the native forest
patches for each of the six years studied (see Table 1). All the maps were used in the spatial
pattern analysis and the 1940 and 1998 maps were also used in the identification of
conservation areas. Ground coverage for the aerial photography analysis was 884.8 ha (see
Figure 5) and was chosen based on the scales and the availability of adequate photo
coverage of the Eastern ridges. This analysis relied on the use of computer-assisted
interpretation of digitized aerial photos. Prints were bought at the National Geographical
Institute Agustín Codazzi (IGAC). These photographs were black and white prints of
different flights with scales that ranged between 1:11,000 and 1:60,000 (Table 1). These
aerial photos covered the greatest portion of the Eastern ridges in only one flight.
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Figure 5. Study Area in the Eastern ridges for
the aerial photography analysis. Map units
shown in here and henceforth are meters from a
plane coordinates system.
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Table 1. Description of the aerial photography used.
Year
Flight
Photos number
Scale
1940
C-61
448, 450, 452,
1: 15,000
454, 456, 458
1955
M-46
4514, 4516, 4518 1: 60,000
1960
C-1080
2233, 2235, 2237, 1: 20,000
2239, 2240, 2277
1972
C-1402
92, 94, 96, 98,
1: 11,000
100, 102, 104
1982
C-2067
193, 194, 196
1: 38,500
1998
SAV-415
167, 169, 171,
1: 21,000
174, 176, 177

The aerial photographs were scanned and then georeferenced in plane coordinates using
the software ArcViewGIS 8.1 (ESRI 2002). The georeferencing process was done by using
two different sources as control points: The first one was a map of roads and gravel roads
of 1997 (CADSA-DAPD 1997) in which there were also several small buildings that
helped the process be more accurate. The second source was a file generated based on a
database of 171 points of known coordinates throughout the study area. The coordinates of
those points were obtained with measurement on old maps of the ridges (IGAC 1948, 1965,
1989). This database was created in order to perform an appropriate georeferencing
process, because in years as old as 1948, there was a somewhat different distribution of
gravel roads. In some cases, both sources were used at the same time. On average, 65
control points were used to georeference each photograph.
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Figure 6. Differentiation of the native forest cover on aerial photography based on ground-checking (IGAC
1998).

In order to differentiate native forest cover from other kinds of forest, ground-checking
was done (see Figure 6). Polygons of native forest patches were obtained based on the
shape and size of each of the native forest patches studied. Patches that were less than 10
meters apart, were considered as a single patch. The scale at which polygons were drawn
on each photograph was 1:4,500, except for the year 1955 which was 1:8,000.
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Spatial pattern analysis

The six maps obtained in the first part of the previous section were used to fulfill the first
objective of this study, by quantifying landscape pattern of the native forest. The Patch
Analyst extension for ArcView 3.2 (ESRI 1996) was used to describe the spatial pattern of
the native forest in a few numbers. This extension, which is used in analyses of forest
fragmentation, was chosen because it is similar to the FRAGSTATS program (McGarigal
and Marks 1995), which is commonly used by the U.S. Forest Service (Tinker et al. 1998).
The Patch Analyst extension calculates a set of pattern metrics for each patch within a
landscape, each class of patches and the entire landscape. Nevertheless, only the metrics for
the landscape as a whole were analyzed because just one class of patches was considered
and because, individually, patches have relatively few attributes, whereas a set of patches
generally presents a greater variety of properties (Páramo and Ramírez 2001).

Since the analysis was aimed to compare metrics among the different years and the
study area was always the same in all maps, it was completely redundant to work with
those metrics that were standardized per unit area such as “edge density” and “area
weighted mean patch fractal dimension” (McGarigal and Marks 1995; Páramo and Ramírez
2001). Landscape metrics used in the analysis are shown in Table 2. The Shannon’s
evenness index was used here as a measure of the homogeneity of patch distribution (Elkie
et al. 1999). Core area metrics were not included in the analysis because studies on edge
effects of the native forest of the Eastern ridges are lacking.
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Table 2. Landscape metrics of the Patch Analysis ArcView extension included in the analysis. Complete
descriptions of these metrics are given in Elkie et al. (1999).
Number
1
2
3
4
5
6
7
8
9

Abbreviation
■ TLA
□ NUMP
□ MPS
□ MEDPS
□ PSSD
□ PSCOV
◊ TE
◊ MPE
● MPAR

Index name
Total Landscape Area
Number of Patches
Mean Patch Size
Median Patch Size
Patch Size Standard Deviation
Patch Size Coefficient of Variance
Total Edge
Mean Patch Edge
Mean Perimeter-Area Ratio

Description
Sum of areas of all patches in the landscape
Total number of patches in the landscape
Average patch size
The middle patch size
Standard deviation of patch areas
Coefficient of variation of patches
Perimeter of all patches in the landscape
Average amount of edge per patch
Sum of each patches perimeter-area ratio
divided by the number of patches
10
● MSI
Mean Shape Index
MSI is greater then one and is 1 when all
patches are circular
11
● MPFD
Mean Patch Fractal Dimension
Approaches one for shapes with simple
perimeters and approaches two when shapes are
more complex
Approaches one when the distribution of
12
○ SEI
Shannon's Evennes Index
patches becomes more even and approaches
zero when the observed patch distribution is
low
■ = area metrics, □ = patch density and size metrics, ◊ = edge metrics, ● = shape metrics, ○ = diversity metrics

By means of the statistical software SPSS 11.0 (SPSS Inc. 2001), correlation between
variables was determined. Correlation was somewhat expected because all spatial metrics
are based on a limited number of basic parameters (e.g. patch size, shape and edge length;
Li et al. 1993). Because many Patch Analyst metrics were correlated, and 14 (9 (P<0.01), 5
(P<0.05)) of all the Pearson’s coefficients were significant, the principal components
analysis (PCA) was used to group metrics into uncorrelated components that explained
most of the variation in the original data (Chatfield and Collins 1980; Pla 1986). A
relationship was then established between the uncorrelated components and the years
studied.
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Identification of conservation areas

The identification of areas for conservation of the native forest of the Eastern ridges of
Bogotá was the second objective of this study. Changes in the area of native forest patches
determined from an aerial photography record, referred to as the two-year analysis, and a
predictive model were used to accomplish this goal.

The 1940 and 1998 maps obtained from the aerial photography analysis were overlaid in
order to determine changes in the size of forest patches. Only native forest patches present
in 1940 that were adjacent to native forest patches present in 1998 were considered as
potential areas for colonization. However, preservation of these areas would be in vain if
they were not favorable to forest growth. Consequently, by using a recent land use map
(CADSA-DAPD 1997), it was determined the kind of land coverage where each
conservation area was located. Some of them were located where buildings, pastures,
quarries, shrublands or even native forest were found. Therefore, a ranking system was
used indicating the areas where the native forest would recover more rapidly. The scale of
the ranking system was the same used for the predictive model as described below. In the
end, a map showing three degrees of priority for conservation was produced.

The second way to determine areas for conservation was by developing a rule-based
model (Aspinall 1993) that was applied for the whole area of the Eastern ridges described
by CADSA-DAPD (1997) (i.e. 10,731.62 ha). In this case, the ModelBuilder extension of
the ArcView GIS 3.2 software was used. This extension allows for the manipulation of
several attributes to produce a ranked and weighted overlay of relevant data, producing
16

maps of potential conservation areas for the habitat of concern (Gribb et al. 2001).
Relatively recent (CADSA-DAPD 1997) digital maps of the Eastern Ridges, which depicts
data about different environmental variables of the ridges were used. Available data was
chosen based on their relevance to native forest growth. In the model these variables were
referred to as data layers. They were precipitation, geology, geomorphology, soil types and
slopes (Table 3).

Since there was just one polygon in the land cover map produced by CADSA-DAPD
(1997) that was classified as the most pristine vegetation of all the Eastern ridges, it was
assumed that the environmental conditions observed in this area were the most appropriate
to allow native forest growth in other parts of the ridges. Optimal attributes of geology,
geomorphology, precipitation and soils were determined by overlaying the land cover map
with the maps of these four variables (see Table 3). In the case of slopes, they were used to
determine fire susceptibility based on the fact that very steep zones in the Eastern ridges are
more exposed to wind and tend to be drier (Bachaqueros 1998). In this way, a set of
optimal attributes that could allow forest growth in other parts of the ridges was designed.
Since the spatial distribution of native forest remnants could be entirely random, the land
use map (i.e. CADSA-DAPD 1997) was used to find areas where conflict could arise and
where the most and less suitable areas for conservation of native forest patches would be.
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Table 3. Description of the attributes found in the area where the most well preserved native forest was
found in the Eastern Ridges based on CADSA-DAPD (1997). This was the underlying data in the
development of the predictive model.
Data layer
Attribute
Description
Slopes lower than 50%. Stony and superficial soils. pH from 4.5
Soil type
VI
to 9.0. Severe limitations to crops growth, but suitable for forests
VII
Geology

Geomorphology

Soft and labour

and pastures.Temperature higher than 6. Excessive humidity.
Very similar to soil type VI, but totally restricted to crops
growth.
Present at the sides of the anticlinal of Bogotá, composed of

sandstone formation sands that can be tough. Sometimes clay is present.
Soil fluxes
Are present as a result of the break-up of the residual soils,
which when saturated start to move slowly, producing a moderate
stability.
Is composed of heterogeneous materials as a by-product of the
Coluvial slopes
hydrogravitational activity.
Found in sandstone and clay. They are originated by foldings or
Structural slopes
faults. They correspond to relatively steep slopes in the study

Precipitation

1000-1100

area. They are steep at the highest altitudes.
Between 1000 and 1100 milimeters of rain fall every year on
average.

The model employed an unequal-weighting scheme of the spatial attributes used (see
Table 4). Although in mountain areas topography is the major operative factor shaping
landscape distribution (Bian and Walsh 1993), human activities have utterly determined the
presence of the native forest in the Eastern ridges (CPU-CETIH 1972, Montes y Eguiluz
1996, CADSA-DAPD 1997, Uribe et al. 1997, Bachaqueros 1998, CIFA-CIE 1999,
Villegas 2000). Therefore, 60% importance was given to land cover attributes. Precipitation
was weighted 20% because the presence of breaches creates microclimates of varying
degrees of humidity (Villegas 2000), determining the presence of the native forest. The
other attributes, namely geology, geomorphology, soil types and slopes were weighted 5%
each one. This percentage was determined because recent morph-dynamics processes and
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Table 4. Details of the specific weights of the attributes, and the ranked values of the
classes of each of the variables used in the predictive model*.
Data layer
Land cover

Weight
60

Precipitation

20

Soil type

5

Geology

5

Geomorphology

5

Slope

5

* See text for further explanations.

Attribute
Secondary forest
Exotic plants forest
Shrublands
Stuble
Pastures
Cultivated land
Sub-paramo vegetation
Quarries
Urban settlements
Eroded land
600-700
700-800
800-900
1000-1100
1100-1200
1200-1300
Urban settlements
III
IV
V
VI
VII
Hard sandstone formation
Soft and labour sandstone formation
Plaeners formation
Coluvions
Glacial deposits
Bogotá formation
Cacho formation
Guaduas formation
Homocline outcrops
Outcrops
Glacial deposits
Soil fluxes
Coluvial slopes
Denudated slopes
Structural slopes
Slopes of glacial origin
Clay eroding valley
Sandstone and lutites eroding valley
0-3%
3-7%
7-12%
12-25%
25-50%
50-100%
>100%
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Rank score
3
Restricted
2
1
1
Restricted
2
Restricted
Restricted
1
1
1
2
3
2
2
Restricted
1
1
3
3
1
1
3
1
1
3
1
1
1
1
1
1
1
3
1
3
1
1
1
3
3
3
2
2
1
Restricted

topography are strongly related to changing factors derived from human activities
(CADSA-DAPD 1997).

For instance, instability in slopes, erosion and changes in

topography are a result of deforestation, inappropriate implementation of agricultural
techniques or inappropriate exploitation of quarries (CADSA-DAPD 1997). Therefore,
although geology, geomorphology, soil types and slopes could determine native forest
growth, they depend significantly upon recent changes in land cover.

The ModelBuilder extension allows for a ranking of individual variables within each
attribute (Table 4). For example, the slopes attribute contains categories of several user
defined slope ranges. Each individual range can be assigned a value that indicates the
relationship to the final output of the model. A ranking system from 1 to 3 was employed to
classify the variables within each attribute used in the model. If the colonization of forests
is by no means possible or very difficult to occur or if there was not enough data, then the
variable was classified as “restricted”, thus excluding this variable for analysis in the model
for the final overlay. A variable was ranked with a “1” if it was not related to the presence
of the pristine forest patch. A “2” was for variables of intermediate influence on native
forest growth and a “3” when this influence was very high. For three of the attributes (i.e.
geology, geomorphology and soil types), a “3” was given to the variables found in the
polygon of pristine forest patch and a “1” for those absent in the same polygon. In the case
of precipitation, a “3” was given to the amount of precipitation found in the polygon of the
pristine forest patch. A “2” was given for other ranges of precipitation but not below 900
mm because the native forest is rarely found in zones with lower values (Villegas 2000). As
a consequence, lower values than 900 mm were given a “1”. According to Bachaqueros
(1998), susceptibility to fire was assumed low in slopes up to 12% (ranked with 3),
20

intermediate in slopes between 12 and 50% (ranked with 2), high in slopes between 50 and
100% (ranked with 1) and extremely high if slopes were higher than 100% (ranked as
restricted). The combination of all this parameters allow for the determination of three
degrees of priority for conservation according to the one-to-three ranking system of the
model. The model generated in this way was run and one map was obtained.
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Results

General patterns of landscape structure

Quantification of landscape patterns of the Eastern ridges between 1940 and 1998 was
based on the spatial distribution of the native forest observed in Figures 7 to 12. It is clear
that there was a dramatic decrease in the native forest area in that part of the Eastern ridges.
Landscape structural indices revealed a fluctuation in total patch area and native forest
patch number (Figures 13 and 14). There was a clear trend in the behavior of these two
indices along the 58-year period. Patch number decreased from 88 to 29 between 1960 and
1998. Total patch area was maximum in 1955 with 324.7 ha, but decreased to its minimum
value of 53.82 ha in 1982. The amount of native forest was the highest between 1940 and
1955. However, while 1940 was characterized by a high number of patches, in 1955 the
number of patches decreased to 58. From 1960 to 1982 the amount of native forest and the
number of patches decreased significantly. In 1998 total patch area increased up to 130.7
ha, but the number of patches decreased (Figures 13 and 14).
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Figure 7. Spatial distribution of the native
forest patches in 1940 based on the aerial
photography analysis.

Figure 8. Spatial distribution of the native
forest patches in 1955 based on the aerial
photography analysis.
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Figure 9. Spatial distribution of the native
forest patches in 1960 based on the aerial
photography analysis.

Figure 10. Spatial distribution of the native
forest patches in 1972 based on the aerial
photography analysis.
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Figure 11. Spatial distribution of the native
forest patches in 1982 based on the aerial
photography analysis.

Figure 12. Spatial distribution of the native
forest patches in 1998 based on the aerial
photography analysis.
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Figure 13 . Total area of patches during the 58year period according to the aerial photography
analysis.

0
1930 1940 1950 1960 1970 1980 1990 2000
Time

Figure 14. Number of patches during the 58year period according to the aerial photography
analysis.
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Figure 15. Mean size of patches during the 58year period according to the aerial photography
analysis.

Mean patch size increased by less than 1.0 ha during the 58-year period, and there was a
sharp peak up to 5.6 ha in 1955 and a decrease down to 1.1 ha in 1972 (Figure 15). In 1940
there were many large patches, whereas in 1955 there were larger but fewer patches
(Figures 14 and 15). Patch size decreased until 1972, and although mean patch size
26

augmented in 1982, the number of patches was very low. Considerably larger but fewer
patches were present in the 1998 landscape (Figures 14 and 15).

Based on the analysis of the simple linear correlation coefficient of Pearson, it can be
stated that the variable that most participated in the variability matrix was mean patch size.
Total area of patches was significantly correlated with edge metrics, namely mean patch
edge (r = 0.932) and total edge (r = 0.899), as well as with the Shannon’s evenness index (r
= -0.984). This means that individual forest patches tended to have more edge and were less
evenly distributed when the amount of native forest in the study area was high. Because
mean patch size was positively correlated with the patch size coefficient of variance (r =
0.963), it can be inferred that high values of mean patch size were due to a mixture of small
patches and very large ones. Mean patch size was also positive correlated with total edge (r
= 0.952) and negatively correlated with the Shannon’s evenness index (r = -0.832). In other
words, a landscape with larger patches in average had more border and an uneven
distribution of patches. Patch size variation was accompanied by shape complexity. This
can be explained by the positive correlation found between the patch size standard
deviation and the mean perimeter-area ratio (r = 0.918). The patch size coefficient of
variance was positively correlated with total edge (r = 0.928) and negatively correlated with
the Shannon’s evenness index (r = -0.838). It can be deduced then, that the border of the
landscape as a whole increased not only when there were large, but also small patches,
because both types of patches can be convoluted and due to the presence of this wide
variety of patch sizes, their distribution tended to be uneven. Edge metrics, in this case
mean patch edge and total edge, were negatively correlated with the Shannon’s evenness
index (r = -0.856 and –0.960, respectively), so that an uneven distribution of patches was
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Table 5. Principal component loadings for the
landscape metrics used in the landscape pattern
analysis. Bold indicates the highest loadings for
each index.
Componente #
Indice
1
2
○ SEI
0,0192
-0,9763
◊ MPE
-0,2410
0,9665
■ TLA
0,1299
0,9436
□ PSSD
-0,2512
0,9184
□ MPS
-0,4165
0,8830
□ PSCOV
0,1578
0,8816
● MSI
0,4679
0,8290
◊ TE
0,4459
0,7948
● MPAR
-0,1521
0,9739
● MPFD
0,1631
0,9367
□ MEDPS
0,4292
-0,8904
□ NUMP
0,2651
0,8666
Eigenvalue
6,8010
4,1240
Cum. var.
0,5668
0,9105
■ = area metrics, □ = patch density and size
metrics, ◊ = edge metrics, ● = shape metrics, ○
= diversity metrics

also generated when forest patches individually and the landscape as a whole had long
borders. Two of the shape complexity indexes, the mean shape index and the mean patch
fractal dimension were positively correlated (r = 0.928).

Metric values for the six years studied were used in the principal components analysis
(PCA) and the loadings produced by the PCA (Table 5) reflect the correlations of each
metric with its respective principal component. For the landscape metrics, PCA produced 5
components that accounted for all of the variation in the original data. The remainder of our
analysis focuses on the first two components of the PCA, because these components
together explained over 80% of the variation in the original data (Table 5).
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In the PCA of landscape-level metrics, the first principal component explained 56.68%
of the variation in the original set of landscape-level metrics (Table 5). This component
was strongly correlated with 8 of the original variables, especially metrics representing
attributes of total patch area, edge, size and patch distribution. In general, one year with a
high score on landscape component #1 indicates a landscape with a large total patch area,
much edge in the landscape and much edge per patch, large and noncircular patches, a high
variation of patch size, and an uneven distribution of patches in the landscape. The second
landscape component explained an additional 34.37% of the original variation, and was
strongly correlated with 4 metrics (Table 5). A year with a high score on landscape
component #2 is characterized by a high number of patches in the landscape and complex
shapes.

1940 was a year with a high score in landscape components #1 and #2 (Figure 16). This
means that this landscape has a large area of native forest, a high number of patches, large
and noncircular patches with complex shapes, a high variation of patch size and an uneven
distribution of patches. The high amount of edge in the landscape and per patch can be
attributed to the presence of large patches in the landscape, because large patches tend to be
more complex than smaller ones (Krummel et al. 1987; Elkie et al. 1999) and large stands
would, simply by virtue of their area, have a greater chance of ‘receiving’ more
disturbances within their borders (Pastor and Broschart 1990). This situation applies to
1955 (see Figure 16). Scores in landscape component #1 were higher and scores for
component #2 were lower in 1955 than in 1940. In 1955, the landscape was less fragmented
than landscape observed 15 years before. For instance, total area of native forest and mean
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Figure 16. Scores on the first two principal components of landscape metrics for each of the six years studied
(1 = 1940, 2 = 1955, 3 = 1960, 4 = 1972, 5 = 1982, 6 = 1998).

patch size increased (see also Figures 13 and 15). Variation of mean patch size also
increased, but the number of patches decreased as well as the complexity of their shape.
1960 was highly associated with landscape component #2 (Figure 16), meaning that the
variation in the landscape was due mainly to changes in shape and patch density and size
metrics, because the number of patches increased and the patches became more convoluted.
Scores in landscape component #1 were low for the year 1972 (Figure 16), but high for
landscape component #2. This means, that in 1972 the area of native forest in the landscape
was low, and small patches were numerous. Patch size variation was low and the
distribution of patches was more even. Patches were complex in shape, but tended to be
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circular. In 1982, the landscape was similar to that one ten years before, but the number of
patches was lower and patch shape was not at all complex and the trend was circularity. In
1998, patch distribution was more uneven and there was an increase in the number of
patches, the patch shape complexity, the amount of native forest in the landscape, the size
of patches, and in the variation of patch size.

Identification of potential areas for conservation

Based on the parameters chosen for the predictive model, a map was produced which is
shown on Figure 17. Total area, number of patches and mean patch size were calculated for
the three kinds of areas designed for conservation (Figures 18 to 20, respectively). This
map was overlaid with the study area shown in Figure 5, thus making possible the
comparison between the potential areas for conservation determined by the predictive
model and the aerial photography analysis (see Figure 21). A comparison of the two
approaches in the identification of areas for conservation for the northern sector of the
Eastern ridges (Figure 5) is also shown in Figures 22 to 24. There was a significant
difference in total area for the three degrees of priority between the two approaches. The
differences in the number of patches between the two-year analysis and the predictive
model were not significant for high priority areas. However, a difference of more than 15
patches was observed for the intermediate and low priorities. A remarkable difference in
mean size of patches, of more than 10 ha, was observed between the two approaches of
conservation at the intermediate priority level. Conversely, a small difference in mean patch
size was observed for the high and low priorities of conservation, but mean patch size was
very low in both cases.
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Figure 18. Total area of patches for the three
degrees of priority of the predictve model.
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Figure 19. Number of patches for the three
degrees of priority of the predictve model.
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Figure 17. Potential conservation areas in all of
the Eastern ridges according to three degrees of
priority. This map was obtained from the
predictive model based on the data of the digital
maps.
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Figure 20. Mean size of patches for the three
degrees of priority of the predicitive model.
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A

B

Figure 21. Comparison of the two strategies in the design of conservation areas of the native forest for the study
area shown in Figure 5. A. Map obtained from the predictive model. B. Map obtained from the two-year analysis.
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Figure 22. Total area of patches for the three
degrees of priority of the predictve model and
the two-year analysis.
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Figure 23. Number of patches for the three
degrees of priority of the predictve model and
two-year analysis.
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Figure 24. Mean size of patches for the three
degrees of priority of the predicitive model and
the two-year analysis.
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Discussion

Determinants of landscape fragmentation

The whole 884.7 ha study area shown in Figure 5 experienced fragmentation over the 58year study period (see Figures 7 to 12). The native forest landscape fragmentation was
revealed in the significant decrease in native forest area and in the number of patches (see
Figures 13 and 14). The process of fragmentation was also evidenced by changes in the
heterogeneity of native forest patches distribution because the Shannon’s diversity index
contributed the most to the variation of native forest cover for the six years studied (Table
5). In addition, most of the landscape metrics used in this study, those associated with
features of poorly fragmented landscapes, such as large areas of native forest cover and
large patches, were negatively correlated with the Shannon’s diversity index. Therefore, in
this study a fragmented landscape was characterized by an homogenous distribution of
native forest patches.

The 1940 landscape was characterized by a rather uneven distribution of patches. This
could be explained because of the large area of native forest, the wide variety of patch sizes
and high number of patches, including very large ones. The prominent size of some patches
was seen in an increase in the amount of total edge. Small patches could have contributed
to total edge because they can be convoluted, but it is more likely that large patches made
the greatest contribution because they have more border (Krummel et al. 1987) and thus
more complex shapes (Pastor and Broschart 1990; Elkie et al. 1996). In the 1940 landscape
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as well as in the other landscapes of the years studied, when patches had more complex
shapes, an uneven distribution of patches was achieved.

The large and poorly fragmented native forest cover observed in 1940 is probably the
result of several changes in the economy of the city which allowed native forest to recover.
Firewood and plant coal traffic virtually disappeared in the 30’s because of the
electrification of the Capital, the use of chemical agents, instead of tannins extracted from
wood, for the leather industry, and because of the decadence of the peasant economy in the
rural areas of the capital district (Bachaqueros 1998; CIFA-CIE 1999; Villegas 2000).
Nonetheless, patchiness revealed that human activities occurred before 1940.

Although recovery was observed in the 1955 landscape, complexity of patch shapes was
not significant. Since the perimeters of native forest patches were the arbitrary boundaries
of the study area, when patches were very large, as in 1955, borders adjacent to those
boundaries were nearly straight lines. The same situation happened when, due to their size,
large native forest patches came into contact with human modified neighbor patches. Since
the latter have less complex shapes, they could have also made the borders of adjacent
native forest patches straight lines.
From the end of the 1940’s until the middle of the 1950’s decade, various buildings were
settled in the Ridges. For instance, the Cavalry School, in the street 100 above the 7th
street, and the ‘Seminario Mayor’ in the street 94. Also, numerous quarries were developed
in ‘Usaquén’, which today is called the ‘Delicias del Carmen’ neighborhood, and in the
street 170, which is today the Santa Cecilia neighborhood. In addition, the road to ‘La
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Calera’ was built, as well as new gravel roads were built to place communications
antennae, and the road to ‘Guavio’ was also built (CIFA-CIE 1999; Villegas 2000). Having
in mind these activities over the study area, a pattern of a poorly fragmented landscape in
1955 is surprising. A possible explanation is methodological because polygons were drawn
at a scale of 1:8000 over aerial photographs of scale 1:60,000, instead of 1:4,500 as in the
other cases. Therefore, some areas different from native forests could have been
misclassified. But there is still the possibility that human activities developed before 1955
did not have significant impact on native forests.

In 1960 the number of patches clearly increased as a result of the increased intensity of
human activity over the ridges along the 1950 decade. Furthermore, during the dictatorship
(1953 - 1957), the full implementation of the ‘Plan Regulador’ was not allowed.
Consequently, many of the most important works done during this period were located in
areas which the ‘Plan Regulador’ had not have identified for that purpose and were out of
the urban perimeter. High values of shape complexity when human activity rose is unusual.
However, the change in shape metrics was accompanied by a reduction in mean patch size
and shortening of native forest remnants to high altitude areas where human activity was
not very important. As a result, small native forest patches at higher altitudes far from
human activities could have developed more naturally allowing the borders of patches
being more convoluted. Moreover, as explained by Ripple et al. (1991), the increase in
patch complexity over time may be attributed to the linking of several smaller managed
patches which often produces an irregularly shaped patch.
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During the 1960 decade it was observed the peak of great urban development over the
ridges as a result of a demographic explosion (Cuervo 1995). Neighbourhoods, such as
‘Rosales’, ‘Santa Bárbara Alta’ and ‘Santa Ana’, among others, were established in the area
studied here. Between 1973 and 1982, a gravel road between the street 170 and ‘La Calera’
village was built. To the north, in the ‘Floresta de la Sabana’ zone, another gravel road to
the natural reserve of the CAR (Corporación Autónoma Regional de Cundinamarca) was
also built (CIFA-CIE 1999; Villegas 2000). As a result, this zone was more likely to be
affected by new developments and the exploitation of quarries in ‘Usaquén’, particularly in
‘Barracas’ and ‘San Cristóbal’ was intensified (CIFA-CIE 1999; Villegas 2000). In the
1980’s decade, the building of ‘Avenida Circunvalar de Oriente’ and other roads belonging
to the Road Plan of the Capital District, were built. As a consequence, the access to even
more parts of the Ridges was eased. This expansionist activity seems to be the main cause
of the high degree of fragmentation observed in the 1972 and 1982 landscapes.
Fragmentation was revealed in the even distribution of patches. According to this pattern of
distribution, heterogeneity was not observed in this two landscapes years because the total
area of native forest, the mean patch size and the variation of patch size were all low. The
complexity of patch shape and the number of patches were high in 1972. Patch shape
complexity was high because of the phenomenon of poorly affected patches at high
altitudes. The number of patches increased in 1972 because large forest remnants were
dissected. Not only did shape complexity but also the number of patches decreased in 1982.
In this case, changes in patch shape complexity were due to intensified human activity,
which despite the location of native forest remnants at high altitudes, managed to produce
less convoluted borders. The number of patches was reduced because some forest patches
were completely destroyed.
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In 1976 the Eastern Ridges were considered as ‘Area de Reserva Forestal Protectora’ by
the Agreement 30 of 1976. In 1977 the CAR (‘Corporación Autónoma Regional) was in
charge of protection and management of the Eastern Ridges located out of the urban
perimeter and within the capital district. Two years later, the CAR, with the Agreement 33
of 1979 defined the zoning of the Ridges and land use as ‘vocación netamente
conservacionista y forestal’ (CIFA-CIE 1999; Villegas 2000). These were a few examples
of the kind of measures taken to preserve the natural state of the Eastern Ridges in the 1970
decade. However, because mountain environments directly contribute little to national
economies (Heywood et al. 1994), they are often put aside as well as the measures to
protect them. There is no doubt that the dynamics of landscape transformation and land
degradation are heavily dependent on the general socioeconomic conditions of a region
(Schickhoff 1995; Tekle 1999) and there are always two countervailing forces: the land
market and the regulatory state (Alonso 1960, cited in Riebsame et al. 1996).

The 1998 landscape experienced recovery in terms of an increase in the total amount of
native forest and in the mean patch size (see Figures 13 and 15). Not only did mean patch
size increase in 1998, but also it was higher than in 1940. Few large patches were also
present in the 1998 landscape although the patch shape complexity did not change
significantly with respect to that one observed in 1982. Although between 1982 and 1996,
the suburban expansion exceeded for the first time the perimeter of public services (CIFACIE 1999; Villegas 2000), some new measures for preserving the natural features of the
Eastern Ridges could have promoted the incipient recovery observed. For instance, in 1990
the ‘Departamento Administrativo del Medio Ambiente’ (DAMA) was created, and since
then has done several studies to preserve the natural resources of Bogotá (CIFA-CIE 1999).
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In addition, by means of the 99 Law of 1993 the ‘Sabana’ of Bogotá and its ‘páramos’ were
declared as regions of national ecological interest. By means of the Agreement of the same
year, clearcutting of native forests in all of the capital district was prohibited and the
‘Comité de Protección y Vigilancia del Suelo’ was created (CIFA-CIE 1999). Moreover, in
1995 numerous quarries were closed and some restoration programs were established.
Between 1995 and 1997 the local government started to give a great importance to the
Eastern Ridges (CIFA-CIE 1999).

Aerial photographs, like those used in such an historical inventory, are of varying quality
in terms of film type, scale, resolution, season and so forth, and all of these factors
contribute to differing degrees of vegetation discrimination by the analyst (Civco et al.
1986). Because of these factors, the ability with which a photointerpreter can identify
vegetation types reliably will vary from one set of aerial photographs to another (Civco et
al. 1986). Based on the experience gained in this study, it is recommended not use very
small scales such as 1:60,000. An interesting prospect raised by this study is the possibility
of remotely sensing ecological change at the landscape level. Besides, as stated by O’Neill
et al. (1988), the use of landscape metrics minimized the need for groundtruth information.

Conservation strategies

The map shown in Figure 17 evidenced that ideally all of the Eastern ridges of Bogotá
should be preserved. According to the three degrees of priority determined herein and to the
local government and local dwellers interests, different programs of conservation could be
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launched. Their first goal could be preserving areas of high priority, which had two salient
features: they constituted relatively large (i.e 2000 ha, see Figure 20) and isolated patches
(see Figure 17). On the one hand, their size could be somewhat appropriate to resist damage
from human activities and avoid complete disappearance. On the other hand, they could
represent isolated islands with no connectivity at all. Therefore, the second goal in
conservation programs would be considering the areas for conservation of intermediate
priority, which are adjacent to high priority areas, so that connectivity between patches
could be promoted. As observed in Figure 17, a few patches of high priority for
conservation are surrounded by restricted conservation areas. In other words, the former are
surrounded by areas where the intensity of human activities is very high. Consequently,
special attention has to be given to these areas in a conservation program. Moreover, the
high priority landscape had salient features of a poorly fragmented landscape because its
number of patches was the lowest among the three degrees of priority (Figure 19).

When comparing maps A and B shown in Figure 21, it is easily observed the remarkable
difference in the amount of area considered as potential conservation areas (see also Figure
22). This difference could be explained by the fact that map A is based on an ideal
combination of environmental variables that promote forest growth which is present
throughout the ridges, whereas map B is based on a real distribution of native forest patches
that was observed 63 years ago when citizens had already begun their occupation process of
the ridges and few patches were present. The local government has made great effort to
protect existing native forest remnants with not many good results, so that trying to protect
additional areas would be cumbersome. Nowadays, the intensity of human activities has
increased significantly, so considering larger areas for conservation than those shown in
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map B of Figure 21, would be difficult. This constitutes an advantage of the two-year
analysis over the predictive model. Another advantage of the two-year analysis is that
number of patches for all three degrees of priority is lower than that of the predictive model
(Figure 23). This indicates that the native forest landscape to be preserved with the aid of
the predictive model would be similar to a fragmented landscape. Nonetheless, patches of
the three degrees of priority of the predictive model are more widely distributed than those
of the two-year analysis (Figure 21).

At an initial stage of a conservation program (i.e. considering high priority areas),
according to both approaches, size of patches should be around 5 ha (Figure 24). Probably,
a disadvantage encountered in the implementation of the predictive model in conservation
programs would be the size of areas of more than 100 ha of the three degrees of priority
(Figure 22), because land ownership would probably limit these areas. Therefore, it is
recommended here to include this aspect in the model in order to know who the owners of
specific areas are, to persuade them to protect patches or part of patches that are in their
lands. It was not included here because it was not available, perhaps because many urban
settlements in the Eastern ridges are illegal, so that much information is not easily released.

A necessary step to improve habitat suitability models would be to link them with
models predicting the outcome of stochastic events such as fire, storms, etc. (Johnson
1990). This would increase the predictive power of the model over time for a broader range
of environmental conditions (Johnson 1990), which constitutes a major advantage of the
predictive model over the two-year analysis. The model that was developed in this study
could be complemented with similar vegetation-site models. In this kind of models, the
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potential natural vegetation (PNV) is determined. The PNV of a site can be defined as the
vegetation that would finally develop if all human influences on the site and its immediate
surroundings would stop at once, and if the terminal stage would be reached at once
(Brzeziecki et al. 1993; Brzeziecki et al. 1994). As soon as a map with potential
conservation areas is produced, another model could be developed in order to determine the
combination of species that would eventually come into existence in each native forest
patch. Nonetheless, difficulties in finding suitable and detailed data would have to be met
with.

Attention should be given to a site model because they may predict a very different
vegetation pattern from the actual pattern over the study region. As stated by Davis and
Goetz (1990), these predictive errors may have practical consequences when site models
are used to project the historical extent of vegetation types, for example to locate
restoration projects or natural reserves. In general, this kind of models can be very useful,
but basing conservation strategies on potential vegetation should be approached cautiously
(Scot et al. 1991). As Scott el al. observed (1988, cited in Scott et al. 1991), disturbed areas
such as the prairies in the U.S. Great Plains may never revert to their potential cover, even
if agricultural activity ceased. Similar sites need not develop similar, relative stable forests
(McCune and Allen 1985). However, we should have in mind that a particular view of
nature is the one that includes actual and potential ecosystems (Fandiño 1996).

Studies about the Eastern Ridges are not scarce. However, this study was aimed to
represent a first step towards the longer term goal of monitoring landscape level change in
the study area as a means of contribution to the efficacy of management policies in
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preserving the ‘essential characteristics’ of the native forest landscape of the Eastern ridges
of Bogotá.
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Conclusions
The present study evidenced native forest landscape fragmentation between 1940 and 1998
in a northern sector of the Eastern ridges of Bogotá. In this case, fragmentation was
revealed in changes in the homogeneity of the native forest landscape. It was possible to
examine native forest patterns by means of remote sensing techniques (i.e. aerial
photography) and the use of landscape metrics. These tools allowed for a decrease in
groundtruthing, representing an advantage when difficult access is caused by natural
obstacles or security problems.

Conservation areas for the native forest were identified for all of the Eastern ridges using
a predictive model based on data of detailed maps already elaborated. For one part of the
ridges, conservation areas were identified based on historical distribution of native forest
patches. Both strategies seemed to be feasible, but the predictive model seemed to be a
more appropriate strategy in the identification of areas for conservation. The inclusion of
this kind of models in conservation programs is relevant because they are subject to
modification as more data become available. Land ownership and stochastic events are
essential parameters that could be included in such models.

A landscape perspective in studies of temporal and spatial changes in landscape pattern
and in the identification of areas for conservation was useful, because it allowed for
understanding spatial processes in a global and an integrated way. This perspective allowed
also for the incorporation of the human being dimension, recognizing it as part of
ecosystems.
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