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Elephant-induced thicket degradation in the Addo Elephant National Park (AENP), Eastern Cape, South Africa, was
assessed during 1973 and 2010 usingmultitemporal satellite imagery. Changes in the thicket condition, in relation
to the AENP expansion, were analyzed using the Normalized Difference Vegetation Index, postclassification, and
landscape metrics. The change detection of land-cover classes was analyzed by postclassification. Landscape-
spatialmetricswere used in order to gain an understanding of vegetation-fragmentation trends. Temporal changes
in vegetation gradients in relation to water points and thicket conditions within the botanical reserves were also
assessed. The thicket condition was noted to have deteriorated, as the AENP had expanded. An expansion of
degraded vegetation away from the water points was identified during the study period. The thicket condition
in botanical reserve 1 had fluctuated, whereas it remained constant in reserves 2 and 3. Landscape spatial-
metric analyses revealed evidence of increased vegetation fragmentation, as new areas of the AENP had been
opened for elephant activity. A progressive decline in intact thicket and an increase in degraded thicket were
observed. Remote-sensing techniques can assist with thicket-clump restoration by applying “target monitoring”
for the timeous identification of potential-degradation hotspots.

© 2015 Society for Range Management. Published by Elsevier Inc. All rights reserved.

Introduction

The Addo Elephant National Park (AENP) is an environment in
which plant communities and species richness are severely affected by
elephant population densities. The AENP is the only National Park in
South Africa that contains succulent thicket, and this species is endemic
to the Eastern Cape (Lombard et al., 2001). High elephant densities
result in the alteration of the structural, positional, and functional diver-
sity of ecosystems (Baxter and Getz 2005). These megaherbivores are
destructive foragers (Duffy et al., 2002) and affect the dynamics of
thickets (Boshoff et al., 2002), making them vulnerable (Duffy et al.
2002). Elephant densities have remained above the recommended
carrying capacity since the AENP was fenced in 1954 (Kerley and
Landman2006), resulting in severe and continual degradation of thicket
(Cowling and Kerley 2002).

The AENP was established in 1931 to protect the remaining elephant
population of 11 individuals. In 1954, the AENP was securely fenced to
enclose the elephant herd of 22 in an area of approximately 23.3 km2.
Thepopulation subsequently expanded toN 450 individuals, necessitating
an expansion of the area available to elephants (Fig. 1). The AENP has
expanded six times (in 1955, 1977, 1982, 1984, 1994, and 2000), and
currently it exceeds an area of 250 km2 (Kerley and Landman, 2006).

The carrying capacity of the AENP has been exceeded by elephant num-
bers throughout its history (Cowling and Kerley 2002), hence causing
considerable elephant impact and widespread damage. Although Barratt
and Hall-Martin (1991) suggest a stocking rate of 2 elephants·km−2,
Moolman and Cowling (1994) perceive this as too high to maintain
succulent plants. Instead, they provide an increase of the availability of
habitat to the elephants as an option. Various areas within the AENP
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Fig. 1. Population numbers and density of elephants within the main enclosure of the
Addo Elephant National Park. Elephant population and density are represented by the
solid and dotted lines, respectively (Adapted from Kerley and Landman, 2006.)
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have been fenced off as botanical reserves, providing “witness stands” to
protect the diversity of plant life from elephant impacts (Kerley and
Boshoff 1997).

Remotely sensed data have over time become useful in monitoring
change in vegetation patterns (Campbell 2006), providing a consistent
measure of the landscape condition (Kennedy et al. 2008). Change de-
tection, as defined by Lillesand and Kiefer (2000), uses multitemporal
datasets to differentiate areas of land-cover change at the different
times of imaging. Insights into the drivers and stressors of vegetation
change can be gained by long-term monitoring, using multitemporal
imagery (Kennedy et al. 2008). Temporal analyses of vegetation indices

and land fragmentation are some of the techniques used to monitor the
changes in vegetation. One of the most commonly used vegetation
indices is the Normalized Difference Vegetation Index (NDVI). Land-
scape fragmentation analysis enables changes in land-cover classes to
be detected on the basis of qualitative data (Kennedy et al. 2008;
Weiss et al. 2004). NDVI and landscape fragmentation both provide
the essentials necessary to detect any changes in the vegetation condi-
tion (Kennedy et al. 2008; Teng et al. 2008; Verbesselt et al. 2010;
Weiss et al. 2004).

In the present study, it is hypothesized that thicket degradation has
spread as the AENP has been expanded for elephant grazing, while the

Fig. 2. Study area—Addo Elephant National Park.

Fig. 3. Park extension between 1955 and 2000.
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thicket condition in the botanical reserves has remained constant over
time. The specific objectives of this study, derived fromthis hypothesis, are:

• To analyze the changes in thicket vegetation condition in relation to
the sequential expansion of the AENP.

• To assess the vegetation gradients in relation to water points.
• To establish whether the botanical reserves provide a constant
benchmark for pristine thicket-vegetation condition.

Multitemporal imagery has been used to analyze the thicket degra-
dation as the AENP has expanded.

Study Area

The AENP (25.74583°E, −33.44611°S) has become one of the most
important protected areas, conserving the vulnerable thicket vegetation.
Initially, the AENPwas created to conserve the remaining elephant popu-
lation. But today, conservation efforts embrace the protection of the
region’s unique biologic diversity, such as the black rhinoceros (Diceros
bicornis bicornis), eland (Taurotgus oryx), kudu (Trangelaphus strepsiceros),
and bushbuck (Trangelaphus scriptus). Buffalo (Syncerus caffer) and zebra
(Equus burchelli) make up the bulk of grazing species (Stuart-Hill 1992).
However, it is noteworthy that elephants constitute 85% of the herbivores
in the AENP; hence the focus on their impacts on thicket vegetation in the
present paper. The AENP is situated within an ecologic tension zone, at
the junction of five terrestrial biomes: Thicket, Fynbos, Grassland,
Nama-Karoo, and Wetland—making it the most diverse Park in South
Africa and Africa (South African National Parks, 2006).

The AENP stretches from the area north of the Darlington Dam, over
the Zuurberg Mountains, including the Sunday’s River Valley area, and
then stretching all the way to the coast between the Sunday’s River
Mouth and the Bushman’s River mouth (Fig. 2). The AENP is currently
168 000 ha in extent. Once expansion is complete, the terrestrial size
of the AENP will be 236 000 ha in extent (SANParks 2011). Fig. 3 illus-
trates the AENP’s different stages of expansion between 1955 and 2000.

The Park is situated in a semiarid region, and it experiences an average
annual rainfall of approximately 425 mm, which is nonseasonal and
unpredictable (Irwin et al. 2008). Temperatures vary from 15–45°C and
from 5–18°C in January and July, respectively (Irwin et al. 2008). Low-
lying plains and the high-lying Zuurberg Mountains located in the south
and north, respectively, are underlain by the Kirkwood formation of the
Uitenhage group, which give rise to deep, fine-textured, sandy-clay
loam and the well-drained soils of the Addo form (SANParks, 2008).
Succulent thicket such as Portulcaria afra, Sideroxylon inerme, and Plumbago
auriculata, characterized by a dense spiny evergreen shrubland to low
forest, is the dominant vegetation type found in the AENP’s Elephant
Camp. It is regarded as the highest conservation priority in the Eastern
Cape, as it is of great biologic importance (Hoffman and Cowling 1990).

Methods

Image Preprocessing

Landsat multitemporal imagery for 1973 (Multispectral Scanner
[MSS]), 1986, 1999, and 2002 (Thematic Mapper [TM]) and Satellite
Pour l’Observation de la Terre (SPOT) 4 imagery for 2010was used to an-
alyze the changes in thicket condition in relation to AENP expansion.
The Landsat’s rich data archive, which dates back to 1972, would pro-
vide a benchmark against which any thicket changes that had oc-
curred—during the first major expansion in 1977—could be analyzed.
The respective images were all captured during the rainy summer peri-
od between November and December. Obtaining imagerywith near an-
niversary dates minimizes the effects of seasonal phenological
differences in the results of change detection (Jensen 2005).

The AENP’s specific boundaries were delineated from the imagery,
using ArcGIS. The images were geo-referenced in the IDRISI Kilimanjaro
GIS environment, and the ground control points obtained from Google

Earth imagery were validated during field observations in the AENP.
Radiometric correction of the imagery was then conducted using
IDRISI GIS.

Image Analysis

TheNDVIwas calculated in IDRISI, using bands 3 and 4 of the Landsat
and bands 2 and 3 of the SPOT 4 imagery. NDVI, as themost widely used
vegetation index, is an important tool to investigate the interactions

Table 1
Accuracy assessment summary, 1973–2010.

Year Overall accuracy Kappa Index of Agreement

1973 0.888 0.798
1986 0.902 0.855
1999 0.859 0.724
2002 0.854 0.736
2010 0.898 0.777

a

b

c

Fig. 4. A to C, Intact, transformed, and degraded thicket vegetation.
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between vegetation and animal activity (Beck et al. 2008).
Multitemporal NDVI imagery was then independently classified; this
ensured that patterns and trends identifiedwere not confounded by dif-
ferent spectral and spatial characteristics.

The NDVI, as developed by Rouse et al. (1974), was calculated by
using the formula:

NDVI ¼ NIR–Rð Þ= NIRþ Rð Þ

where NIR = Near-infrared band and R = Red band. The index moni-
tors the seasonal and interannual changes in vegetation; and it reduces
various forms of noise (e.g., atmospheric effects, cloud shadows, sun-
illumination differences and topographic variations) (Jensen 2005).

The postclassification comparison technique was employed to com-
pare the independently classifiedmultitemporal imagery. An important
advantage of postclassification change detection is that data normaliza-
tion is not required because the two dates are classified separately
(Singh 1989). Postclassification also bypasses the difficulties in change
detection associated with the analysis of images acquired at different

times of the year, or by different sensors (Lunetta and Elvidge 1999;
Singh 1989).

Atmospheric correction was not conducted, as postclassification
compensates for any differences in atmospheric conditions and vegeta-
tion phenology between the dates (Coppin et al. 2004; Yuan et al. 2005).
The land-cover classes designated in the classification process were
intact thicket, transformed thicket, degraded thicket, and bare ground
(Fig. 4A–C).

Image classification accuracy assessment entailed identifying
features representing the respective land-cover classes on the Landsat
set of imagery, which are still visible on the 2010 SPOT 4 image. A
composite image for SPOT 4 was created and designated as the ground
verification image, on the basis of field observations. Coordinates
collected from the identified features were converted to shapefiles,
which were overlaid on the composite image. A new image was then
classified on the basis of the selected coordinates. The ground verifica-
tion image and classified Landsat images for the respective years were
used to create error matrices. High overall classification accuracies and
Kappa Index of Agreement values were obtained (Table 1).

a

b

Fig. 5. A andB, Supervised classifications for 1973 and 1986 depicting thicket condition before and after the 1984 expansion of theAddo Elephant National Park. The blue and black arrows
show healthy and degraded thicket vegetation, respectively, before and after the expansion.
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The conversion from one vegetation category to another, as well as
vegetation-gradient changes from water points, were also analyzed in
IDRISI environment. One-kilometer buffers were created around the
Nyathi, Hapoor, Spekboom, and Miriamberee water points selected for
the study. The vegetation gradients were analyzed by using the average
NDVI over time.

Landscape-Fragmentation Analysis

Landscape metrics have become useful in linking patterns found
in the landscape to various environmental and ecologic processes
(Bastin et al. 2002; Narumalani et al. 2004). They are based on the
spatial and geometric arrangement of land-cover patches (Herzog
and Lausch 2001). These were calculated at the land-cover class
level in order to analyze the temporal changes in vegetation catego-
ries. FRAGSTATS 3.3, a spatial-pattern analysis program, was used
to compute the temporal changes in the thicket cover classes. The
Largest Patch Index (LPI), which illustrates the area covered by the
largest patch in each land-cover class, was considered to be of special
relevance to this study. Patch Analyst, a FRAGSTATS interface in
ArcGIS, was used to analyze landscape metrics from the sequential
classified imagery.

Field Surveys

Observations made in the field were based on vegetation condition
and designated strata, namely intact thicket, transformed thicket,

degraded thicket, and bare ground. Field observations also served to
verify the ground control points obtained from Google Earth imagery
for purposes of image geo-referencing. The selected water points for
this study were visited to gain insights into the extent of thicket degra-
dation in the vicinity. Due to the danger ofwild animals in the AENP, the
National Park Management prohibits the conducting of fieldwork on
foot within the AENP. Field verification was, therefore, conducted from
a vehicle, except within the botanical reserves, which are accessible on
foot. Areas of interest were identified from the imagery; and the refer-
ence points were identified by using a GPS and a field-mapper.

Results

The changes in thicket vegetation condition in relation to the
AENP expansion are illustrated by Fig. 5A and B, which classify

Table 2
Cross-classification analyses showing vegetation category conversion during the respective
Park expansion years.

Source To class 1977
(%)

1984
(%)

1994
(%)

2000
(%)

Intact thicket Transformed thicket 30 25 4 5
Degraded thicket 1 8 0.1 1
Bare ground 0 0.3 0.1 3

Transformed thicket Degraded thicket 8 0.2 0.4 0.2
Bare ground 0.2 0.004 0.13 0.01

Degraded thicket Bare ground 47 0.1 51 11
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Fig. 6. Change in vegetation condition between 1973 and 2010 after the 1977, 1984, 1994, and 2000 expansions.
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the imagery for 1973 and 1986 before and after the 1984 expan-
sion of the AENP, respectively. The impacts on thicket by way of
transformation of intact to degraded thicket and bare ground are
clearly noticeable. Similar trends were noted from the subsequent
sets of classified imagery. These impacts before and after the ex-
pansion are further demonstrated by Fig. 6A–D, which depict the
proportion of each land-cover class between 1973 and 2010, cal-
culated from the respective classified images using the IDRISI
GIS database.

A consistent decrease in intact thicket is discernible during the
sequential years of the AENP expansion. An increase in degraded thicket
and bare ground is also noticeable over the expansion period. Cross-
classification analyses reveal that changes from intact to transformed
thicket, and of degraded thicket to bare ground, comprise the most
significant trends (Table 2). These changes are clearly depicted by the
LPI landscape metrics. A decrease in the LPI indicates an increase in
fragmentation and hence increased degradation. A steady decrease
and increase in the intact and degraded thicket LPI is illustrated
by Fig. 7A–D.

A general trend of vegetation degradation around water points
was assessed. As portrayed by temporal variations in the mean
NDVI values around the Hapoor and Nyathi water points (Fig. 8A
and B), vegetation was degraded within a radius of 75 m and 150 m,

respectively, from the water points in 1973. This distance increased
dramatically to 600 m in 2010 at both water points. A similar trend
was also noted at the Spekboom and Miriamberee water points,
which had been established later. As a benchmark for pristine condi-
tions, thicket-condition trends monitored in botanical reserves 1, 2,
and 3 are depicted in Fig. 9A–C.

Whereas the conditions within botanical reserves 2 and 3
remained constant, botanical reserve 1 exhibited fluctuations. The
extent to which the reserves depict benchmark conditions is discussed
in the following section.

Discussion

Thicket Degradation within the Addo Elephant National Park

Postclassification change-detection analyses indicate that intact
thicket had decreased significantly in the new areas of AENP expansion
between 1973 and 2010. An increase in degraded thicket was observed,
as these areas were opened for elephant activity. It is also noteworthy
from the cross-classification analyses (see Table 2) that the change
from intact to transformed thicket and degraded thicket to bare ground,
as the most drastic conversions, occurred during the first, second, and
third phases of the AENP expansion. It could be expected that sequential
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Fig. 7. Comparison of Largest Patch Index for the respective expansions between 1973 and 2010.
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expansionwould lead to a reduction in elephant densities. However, the
trends show that thicket condition had deteriorated since the 1977
expansion of the AENP.

According to Lombard et al. (2001), elephant impacts on vegeta-
tion would not be solved by Park expansion per se. They suggest that
Park authorities should consider establishing botanical reserves in
newly acquired land before introducing elephants, which will pro-
vide important conservation benchmarks. The authors further point
out that high elephant densities affect vegetation sustainability
within the Park and impact the unique biodiversity of the AENP. Ac-
cording to Kerley and Landman (2006), the AENP is the only current
example where the extinction of endemic plants could be driven by
elephant impacts. Therefore they suggest that elephant management on
subtropical thicket should be an issue of concern, and one that requires
urgent attention.

Landscape metric analyses have provided insights into the
thicket-fragmentation trends. A decrease of 20% in the LPI after the
1994 expansion suggests that intact thicket became considerably
more fragmented between 1986 and 1999 (Fig. 7). Increased frag-
mentation, as depicted by the landscape metrics, is a clear indicator
of land degradation (Mhangara 2011; Ndlela 2010). Interactions in
and impacts on nature can be better understood by means of timely
and accurate change detection. As pointed out by Verbesselt et al.
(2010), multitemporal imagery can detect, monitor, and classify

changes in vegetation cover, aiding the management of natural
resources. Landscape metrics in particular can assist with thicket
clump restoration by applying “target monitoring” for timeous iden-
tification of potential degradation hotspots.

Vegetation Gradients

A progressive diminution of thicket vegetation with the distance
from thewater pointswas identified from the temporal-buffer analyses.
This is an expected result, as elephants use these water points daily,
affecting the surrounding vegetation by feeding, trampling, and
crushing the vegetation. The dramatic increase in degraded vegetation
around Hapoor and Nyathi denotes an overconcentration of elephants
at these water points. A study by Baxter (2003) also illustrates that
vegetation degradation increases with distance from water points.
Thrash (1998) showed that high elephant densities in the Kruger
National Park put pressure on vegetation close to the water points.
This results in poor vegetation condition.

Regarding the botanical reserves, the thicket-vegetation condi-
tion in botanical reserve 1 was noted to fluctuate. The fluctuations
could be attributed to the access to resources within the reserve by
the Addo local community. The reserve is in close proximity to the
community, unlike reserves 2 and 3 to which the community has
no access. Within botanical reserves 2 and 3, the thicket condition
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remained relatively constant over time. According to Lombard et al.
(2001), the botanical reserves within the AENP are vital benchmarks
for normal thicket condition.

Management Implications

The present study has confirmed that thicket degradation in-
creased as the AENP expanded. By implication, park expansion
alone is not the solution to elephant impacts on thicket vegetation.
Park authorities should establish more botanical reserves, which
provide vital benchmarks for healthy thicket condition in new
areas of expansion before populating themwith elephants. Notwith-
standing the controversy among the public surrounding culling and

contraception as management options (Kerley and Landman 2006),
the latter option, which is a reversible, humane form of contracep-
tion for elephants, is recommended.

A progressive decrease and increase in intact and degraded thicket,
respectively, has been observed, as the AENP has expanded. Landscape
metric analyses also confirmed the gradual fragmentation and degrada-
tion of thicket vegetation. An assessment of vegetation gradients around
water points, particularly at Hapoor and Nyathi, revealed a dramatic
diminution of thicket vegetation up to a radius of 600 m. Against the
background of the findings of this study, the hypothesis that “thicket
degradation has expanded, as new areas of the AENP opened for
elephant grazing,” has been confirmed. Therefore Park expansion is
not the panacea for elephant impacts on vegetation. Thicket condition
in botanical reserves 2 and 3 has remained constant, hence providing
a benchmark for pristine thicket condition. Establishing more botanical
reserves in new areas of AENP expansion before elephant habitation is
thus recommended.
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