Oecologia (2006) 146: 632–640
DOI 10.1007/s00442-005-0235-9

COMMUNITY ECOLOGY

J. V. Redfern Æ S. J. Ryan Æ W. M. Getz

Defining herbivore assemblages in the Kruger National Park:
a correlative coherence approach

Received: 29 November 2004 / Accepted: 10 August 2005 / Published online: 11 October 2005
 Springer-Verlag 2005

Abstract Spatial associations of seven herbivore species
in the Kruger National Park, South Africa, are analyzed
using a new technique, Correlative Coherence Analysis
(CoCA). CoCA is a generalization of the concept of
correlation to more than two sequences of numbers.
Prior information on the feeding ecology and metabolic
requirements of these species is used to contrast spatial
scales at which hypothesized guild aggregation or competition occurs. These hypotheses are tested using
13 years of aerial census data collected during the dry
season. Our results are consistent with the hypothesis
that distributions of large and small species of the same
feeding type (i.e., grazers and browsers) overlap in
potentially resource-rich areas, but have lower similarity
values across all areas because the higher tolerance of
large species for low quality foods results in a more even
spatial distribution of large species compared to small
species.
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Introduction
Studies of community structure and species interactions
frequently involve quantifying and identifying patterns
of species co-occurrence or spatial association (inter alia
Diamond 1975; Connor and Simberloﬀ 1979; Schoener
1983; Schluter 1984; Stone and Roberts 1990; Manly
1995; Durant 1998; Roxburgh and Matsuki 1999; Gotelli 2000; Linnell and Strand 2000; Gotelli and Ellison
2002; Gotelli and McCabe 2002). Demonstration of a
pattern or lack thereof has been the subject of heated
debate in the ecological literature for almost 30 years
(see the review in Gotelli and McCabe 2002). In 1975,
Jared Diamond posited that species assemblages are
determined by competitive interactions, citing a system
in which co-occurrence of species diads was readily and
frequently apparent. Diamond’s conclusions were
rebutted by Connor and Simberloﬀ in 1979, when they
demonstrated that random colonization events could
result in similar patterns of co-occurrence. More recent
studies of species co-occurrence or spatial association
have focused on demonstrating outcomes of posited
local competitive interactions, such as predation and
resource partitioning (Durant 1998; Linnell and Strand
2000; Gotelli and Ellison 2002), or improving techniques
for modeling random distributions on a landscape
(Manly 1995; Roxburgh and Matsuki 1999; Gotelli
2000).
We quantify patterns of co-occurrence for seven
herbivore species in 13 years of aerial census data collected during the dry season in the Kruger National Park
(KNP), South Africa, using a new technique, Correlative
Coherence Analysis (CoCA, Getz 2003). CoCA generalizes the concept of correlation between two species to
the correlative coherence (CoC) of n species (n‡2). In
particular, CoCA summarizes the similarity of pairwise
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correlations between n species using a Shannon–Wiener
type measure of the diversity of the normalized eigenvalues of an n-dimensional correlation matrix (Getz
2003). An assemblage of species with highly correlated
distributions will have a CoC close to one while an
assemblage of largely uncorrelated species will have a
CoC close to zero.
We used CoCA because it is a relatively simple
technique that simultaneously evaluates the similarity
of the spatial distributions of multiple species, whereas
other spatial statistics primarily assess distribution
patterns of a single species or pairwise associations
between species distributions. Additionally, CoCA is
not subject to the ‘‘edge eﬀects’’ that confound other
spatial statistics (e.g., Ripley’s K, Geary’s C, Moran’s
I—cf. Dale et al. 2002; Perry et al. 2002) because the
spatial aspect of the data is considered implicitly. Thus
CoCA is well suited to analyzing species distributions
in irregularly shaped areas, such as the KNP, which is
approximately ﬁve times longer than it is wide with a
crenellated western boundary (Fig. 1). CoCA also
simpliﬁes examination of temporal patterns by providing a single association value (CoC) for each time
period. We use CoCA to examine the consistency of
species associations in the 13-year KNP data set, which
is a novelty in species co-occurrence studies given the
paucity of suitable long-term data sets. Hence, our
study contributes to the need for more research into the
temporal and spatial aspects of species co-existence
(Linnell and Strand 2000).
Processes determining co-occurrence or lack thereof
in assemblages of African savanna herbivores may de-

Fig. 1 The Kruger National
Park (KNP) is located in the
northeastern corner of South
Africa. The KNP can be
divided into four landscapes,
based on dominant vegetation
and soil types (adapted from
Venter and Gertenbach 1986).
This broad landscape deﬁnition
subsumes smaller patches of
diﬀering vegetation and soil
types that increase
heterogeneity at ﬁner scales.
Herbivore censuses do not
occur regularly in the
northernmost section of the
KNP and hence this region is
not included in our analyses

pend on the spatial scale at which species associations
are analyzed. At relatively large scales, guild aggregation
may result from abiotic constraints on herbivore distributions, such as slope and distance to water sources
(Bailey et al. 1996; Redfern et al. 2003). Within these
constraints, herbivore foraging decisions occur at multiple scales, including selection of a home range, feeding
patch, plant species, and plant parts (Senft et al. 1987;
Senft 1989). At the scale of home ranges and feeding
patches, competition may result in non-overlapping
distributions of species requiring the same limited resources. In African savanna ecosystems, Arsenault and
Owen-Smith (2002) suggest that interspeciﬁc competition predominates during the dry season when plants are
dormant and forage of adequate quality becomes depleted.
Detection of competition in species association data
is complicated by the fact that competition does not
always produce negative associations (Hastings 1987).
Competition in herbivores is not manifested by removal
and replacement of opponents, but by indirect interactions such as the depletion of resources or dominance.
Consequently, the eﬀects of this scramble or indirect
competition are hard to determine in the presence/absence data sets traditionally used to assess species cooccurrence. We use the number of animals counted,
rather than presence/absence, to facilitate detection of
competition.
The inﬂuence of resource patches on species distributions can also confound detection of competition.
Speciﬁcally, resources with a patchy distribution may be
associated with spatial autocorrelation in species distri-
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butions. If the scale of autocorrelation does not match
the scale chosen for analyses of co-occurrence, interpretation of the resulting association patterns may be
spurious. Although scales of analyses may be suggested
by mechanisms of competition, such as territorial
exclusion, it is important to conduct analyses at multiple
scales to account for the eﬀects of autocorrelation.
Roxburgh and Matsuki (1999), for example, examined
the eﬀect of autocorrelation using a series of random
models of association. They found that type I error increased, even at low autocorrelation values (Moran’s I),
invalidating statistical tests. We mitigate these potential
statistical artifacts by comparing sets of correlations at
three diﬀerent scales and using Monte Carlo methods to
obtain conﬁdence intervals for the CoC of species
associations.
Species considered in our analyses include three
grazers (buﬀalo, Syncerus caﬀer; zebra, Equus burchelli;
and wildebeest, Connochaetes taurinus) and four species
whose diets contain a high proportion of browse during
the dry season (elephant, Loxodonta africana; giraﬀe,
Giraﬀa camelopardalis; kudu, Tragelaphus strepsiceros;
and impala, Aepyceros melampus). We use CoCA to test
hypotheses (Table 1) about the processes structuring
herbivore assemblages. We hypothesize that all herbivore distributions will be similar at large scales because
of the inﬂuence of abiotic factors. At smaller scales, we
expect the relative importance of guild aggregation
versus competition in structuring assemblages to become
apparent. Speciﬁcally, if guild aggregation exerts a
dominant inﬂuence on species assemblages, high CoC
values will be obtained for the grazer and browser
assemblages (Table 1). Alternatively, competition may
exist between larger and smaller species of the same
feeding type, producing low CoC values for the grazer
and browser assemblages. Competition may also occur
between species of similar size and feeding type, producing low CoC values for the assemblage of smaller

grazers (zebra, wildebeest) and/or the assemblage of
smaller browsers (giraﬀe, kudu, impala).

Methods
Data sources
The KNP is located in the Transvaal Lowveld (Fig. 1)
and can be broadly characterized as a deciduous savanna (Venter and Gertenbach 1986). The size and
location of herbivore herds in the KNP was recorded
from 1981 to 1993 during an annual, dry-season aerial
census (Viljoen 1996). The northernmost section of the
park was not surveyed regularly; hence, this section of
the park is not included in our analyses. The spatial
accuracy of the data varies throughout the study period.
A coarse data recording procedure was used from 1981
to 1984, resulting in a range of spatial accuracy with an
upper bound of approximately 1.5 km (P. C. Viljoen,
personal communication). Improved recording procedures, implemented from 1985 to 1993, increased spatial
accuracy to within approximately 800 m (P. C. Viljoen,
personal communication).
No estimates of bias or precision error were obtained
for the herbivore counts (Viljoen 1996). A model of the
potential bias contained in the census data suggests that
visibility bias may represent a major source of error in
the data and that this bias may vary among species
(Redfern et al. 2002). In our analyses, visibility bias may
confound interpretation of correlations observed among
species that occur in more open versus dense vegetation
communities or correlations between large and small
species (e.g., giraﬀe may be easier to detect than impala
implying greater visibility bias in the impala census
data). A visual inspection, however, of the spatial distributions of the species considered in our analyses
suggests that a number of areas throughout the KNP

Table 1 The species assemblages considered in our analyses and
the hypotheses relating the correlative coherence (CoC) value to the
processes inﬂuencing the spatial distributions of the species in the
assemblages (see Methods for details on calculating the CoC va-

lue). The signiﬁcance of the diﬀerence (at the family level of a=0.5)
between CoC values was calculated using a t-test with a Bonferroni
correction for multiple comparisons

Assemblage

Hypotheses/explanations

Species

CoC value

ra

Grazers

Buﬀalo, zebra, wildebeest,
elephant, giraﬀe, kudu, impala
Buﬀalo, zebra, wildebeest

Browsers

Elephant, giraﬀe, kudu, impala

rb

All species

rg

sg

Smaller grazers

Zebra, wildebeest

r

Smaller browsers

Giraﬀe, kudu, impala

rsb

ra is a baseline for comparison
against the other assemblages.
rg > ra suggests that species are
associated with grassland patches.
rb > ra suggests that species
are associated with woodland patches.
rsg > rg suggests that smaller
grazers avoid areas
with larger grazers.
rsb > rb suggests that smaller
browsers avoid areas
with larger browsers.

Signiﬁcantly diﬀerent
5 km

10 km

15 km

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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contain high densities of all three grazers and high
densities of the two smaller grazers and the three smaller
browsers. It seems unlikely, therefore, that visibility bias
substantially confounds the CoCA.
Analyses
We used the geographic information systems software
ARC/INFO (version 8.0.2, Environmental Systems Research Institute, Inc.) to discretize a map of the KNP
into a grid of 846 5·5 km2 cells, 233 10·10 km2 cells,
and 113 15·15 km2 cells. Using gridded data, the cooccurrence of two species can be scored either by a
presence/absence association index (i.e., divide the
number of cells in which both species occur by the
number of cells in which at least one species occurs to
obtain a value between zero and one) or a correlation
coeﬃcient based on the number of individuals of each
species in each cell. Sizes of all herbivore herds are
estimated in the KNP aerial census data, allowing us to
calculate pairwise correlation coeﬃcients for the seven
species at each spatial scale. All cells on the boundary of
the KNP were included in our analyses, regardless of the
fraction of the cell occurring within the KNP (CoCA
does not require cells to be of the same size). Thus, a 7·7
correlation matrix C was obtained for each of the
13 years under consideration at all three spatial scales.
For purposes of illustration, the 13 year average-value
correlation matrix at each spatial scale is given in

Table 2. Our analysis, however, depends on obtaining a
single CoC value that can be used to compare the 39
correlation matrices (3 spatial scales by 13 years) obtained for each of the following assemblages: all-species
(buﬀalo, zebra, wildebeest, elephant, giraﬀe, kudu, impala), grazers (buﬀalo, zebra, wildebeest), browsers
(elephant, giraﬀe, kudu, impala), small grazers (zebra,
wildebeest), and small browsers (kudu, impala).
In behavioral studies, pairwise associations among a
group of n identiﬁed individuals have been summarized
by averaging the n(n1)/2 pairwise association values
(Whitehead 1997). This technique is not statistically
robust because the n(n1)/2 pairwise associations are
not independent; hence, the degrees of freedom for the
average are less than the expected n1. For example,
consider the case where species A is perfectly correlated
with species B (i.e., a correlation value of one) and both
are entirely unrelated to species C (i.e., correlation values of zero). Averaging the pairwise correlations produces an estimated association value of one-third.
However, two of three species are perfectly correlated,
so it is reasonable to expect the association value to be
close to two-thirds.
Correlative coherence analysis provides a method for
‘‘averaging’’ that has the appropriate n1 degrees of
freedom (Getz 2003) and yields CoC values (e.g., average association values) that are more in line with our
intuition (in the example presented above the CoC value
is 0.702). The CoC of an n-dimensional correlation
matrix, C, is calculated using the n eigenvalues ki

Table 2 For each pair of species, a correlation coeﬃcient was calculated between species spatial distributions, described at three spatial
scales, for each year of the study period (1981–1993). We summarize the yearly correlations by averaging the 13 correlation coeﬃcients at
each spatial scale
Buﬀalo
5·5 km2 spatial scale
Buﬀalo
1
Zebra
Wildebeest
Giraﬀe
Kudu
Elephant
Impala
10·10 km2 spatial scale
Buﬀalo
1
Zebra
Wildebeest
Giraﬀe
Kudu
Elephant
Impala
15·15 km2 spatial scale
Buﬀalo
1
Zebra
Wildebeest
Giraﬀe
Kudu
Elephant
Impala

Zebra

Wildebeest

Giraﬀe

Kudu

Elephant

Impala

0.072
1

0.025
0.452
1

0.020
0.179
0.249
1

0.020
0.193
0.158
0.280
1

0.042
0.004
0.036
0.047
0.067
1

0.021
0.076
0.154
0.413
0.308
0.094
1

0.182
1

0.048
0.535
1

0.048
0.250
0.382
1

0.089
0.334
0.303
0.439
1

0.156
0.073
0.045
0.116
0.144
1

0.065
0.102
0.190
0.542
0.434
0.184
1

0.293
1

0.126
0.612
1

0.121
0.371
0.521
1

0.159
0.437
0.416
0.567
1

0.244
0.158
0.005
0.151
0.212
1

0.148
0.177
0.250
0.633
0.562
0.264
1

636

(i=1,...,n) of C (Getz 2003). Speciﬁcally, the CoC of C is
the solution, r, to the equation

Small grazers
Small browsers
All grazers

ð1 þ ðn  1ÞrÞ ln ð1 þ ðn  1ÞrÞ þ ðn  1Þð1  rÞ lnð1  rÞ
 
n
X
ki
k i ln
¼ n ln n þ
n
i¼1

Results
The average pair-wise correlations between species spatial distributions (Table 2) indicate that the high CoC
values obtained for particular species assemblages represent positive associations among species distributions.

a

5 km x 5 km spatial scale

b

10 km x 10 km spatial scale

c

15 km x 15 km spatial scale

0.6
0.4
0.2
0

Correlative coherence

0.8
0.6
0.4
0.2
0
0.8
0.6
0.4
0.2

1993

1992

1991

1990

1989

1988

1987

1986

1985

1984

1983

1982

0
1981

which can be solved numerically using an appropriate
package such as S-Plus, Mathematica (we use Version
4.2 Wolfram Research, Inc. 2002, in our calculations), or
Maple. This equation is based on a Shannon-Wiener
type measure of the diversity of the eigenvalues of C,
which is minimized when all pairwise correlations are
zero (in this case all eigenvalues are one) and is maximized when all pairwise correlations are one (in this case
the largest eigenvalue is n and all other eigenvalues are
zero). This eigenvalue diversity could also be obtained
from a correlation matrix in which all oﬀ-diagonal elements are r (in this case the largest eigenvalue is (n1)r+1 and all other eigenvalues are 1-r). Therefore, we
identify the CoC value, r, as the ‘‘average’’ of a correlation matrix. This ‘‘average’’ does not depend on the
dimension of the correlation matrix when all oﬀ-diagonal elements are r. When the oﬀ-diagonal elements diﬀer
from one another, however, the variance of the elements
may aﬀect the CoC value. In our analyses, the elements
in the correlation matrices diﬀer but the CoC values are
inﬂuenced by the strength of the correlations among
species rather than the dimensions of the matrices
(Fig. 2 and Table 1).
We used Monte Carlo simulations to determine
whether the observed CoC value for the assemblage of
all seven species was signiﬁcantly diﬀerent from a CoC
value for a random data set. We tested the signiﬁcance
of the seven species assemblage because it is the most
arbitrary assemblage containing species of diﬀerent
feeding types, gut morphologies, and sizes. The Monte
Carlo simulations were conducted by randomly permuting the order of the data set for each species (i.e.,
randomly assigning the spatial position of the total
number of individuals in each of the original grid cells)
500 times for each year. The observed CoC value was
assumed to diﬀer signiﬁcantly from the simulated CoC
value if the observed value was not contained within the
interval deﬁned by the 2.5 and 97.5% quantiles of the
simulated value. We used a t-test with a Bonferroni
correction (Neter et al. 1996) to determine whether the
average CoC value, calculated over the 13-year study
period, was signiﬁcantly diﬀerent at the family level of
a=0.5 for the four comparisons of herbivore assemblages described in Table 1.

0.8

All browsers
All species

Year
Fig. 2 The correlative coherence values, calculated yearly from
1981 to 1993, are plotted at three spatial scales for the species
assemblages considered in our analyses (see Table 1)

At all spatial scales, the CoC value for the assemblage
containing all seven species was signiﬁcantly diﬀerent
from the simulated CoC value for the randomly permuted data sets. A majority of the comparisons between
herbivore assemblages described in Table 1 were significant; the only insigniﬁcant comparisons occurred between the assemblage of grazers and the assemblage of
all seven species at the 10 and 15 km scales. In general,
the relative diﬀerences among the CoC values for each
assemblage were similar at all spatial scales (Fig. 2) but
the absolute CoC values diﬀered among the spatial
scales. Overall, CoC values increased with increasing
spatial scale (Fig. 2).
The largest CoC values were consistently obtained for
the assemblage composed of the two smaller grazers and
the assemblage composed of the three smaller browsers
(Fig. 2). The smallest CoC values were typically obtained for the assemblage composed of all seven species,
particularly at the smaller spatial scales. The CoC value
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Discussion
For all assemblages, the decrease in CoC values at
smaller spatial scales (Fig. 2) suggests that the spatial
distributions of KNP herbivores show greater similarity
at large scales but are increasingly disjoint at smaller
scales. Hence, large-scale constraints imposed by abiotic
factors may partition the KNP into regions supporting
either high or low herbivore densities. At smaller scales,
however, species assemblages may reﬂect selection for

a

70

Grazers

Buffalo
Zebra
Wildebeest
Lower c.i. random

60
50

Upper c.i. random

40
30
20

Frequency

for the assemblage composed of the small grazers was
signiﬁcantly higher than the CoC value for the assemblage composed of all grazers at all spatial scales
(Fig. 2); the same pattern was observed for browsers
(Fig. 2). Although we did not calculate the CoC value
for assemblages containing other permutations of the
seven herbivore species, the generality of our results can
be clearly seen in the average of the pairwise correlations
between species calculated over our 13-year study period
(Table 2).
To explore why the CoC values for the assemblages
composed of all grazers and all browsers were lower than
the CoC values for the assemblages composed of small
grazers and small browsers, respectively, we conducted a
simple, post-hoc analysis to assess whether species were
characterized by a relatively even spatial distribution
throughout the KNP. Speciﬁcally, we summed the
number of individuals for each species over the entire
study period in the 5·5 km2 grid cells and deﬁned highdensity cells as those in the top quartile. We considered
only those grid cells in which 50% or more of the cell’s
area occurred within the KNP boundary, yielding 183
high-density grid cells for each species. The evenness of
the spatial distribution of the high-density grid cells was
summarized by calculating the number of cells contained
in each of the 104 15·15 km2 grid cells (nine 15·15 km2
cells occurring on the boundary of the KNP were excluded because they did not overlap with the truncated
5·5 km2 grid). For each species, the observed distribution of the q=0,...,9 high-density grid cells in the
15·15 km2 grid cells was compared to a simulated random distribution produced by randomly assigning the
183 high-density grid cells among the total possible
5·5 km2 grid cells 500 times. The observed distribution
of high-density cells was considered signiﬁcantly diﬀerent
from random if it did not occur within the 95% conﬁdence interval of the simulated random distribution.
The distribution of high-density cells was non-random for all species (Fig. 3). For both grazers and
browsers, the largest species (buﬀalo and elephant,
respectively) were the most evenly distributed throughout the KNP (Figs. 3, 4). Among the smaller grazers,
cells containing high zebra densities were more evenly
distributed throughout the KNP than cells containing
high densities of wildebeest (Figs. 3, 4). The three
smaller browsers occurred predominantly in the southern KNP landscapes (Fig. 4).

10
0

70

0

1

2

3

4

b

Browsers

5

6

7

8

9

Giraffe
Kudu

60

Elephant
Impala
Lower c.i. random

50

Upper c.i. random

40
30
20
10
0
0

1

2

3

4

5

6

7

8

9

No. of high density cells
Fig. 3 The evenness of the spatial distribution of a grazers and b
browsers is summarized by plotting the frequency of the 104
15·15 km2 grid cells containing 5·5 km2 grid cells in the top
density quartile (mapped in Fig. 4). The 95% conﬁdence interval
for a random distribution of the high-density grid cells within the
15·15 km2 grid cells is also plotted

diﬀering resource characteristics. Access to surface water
sources, forage quality, and forage quantity may be
particularly important habitat characteristics in the
KNP during the dry season. A signiﬁcant relationship
exists between distance to water and the distributions of
the herbivore species considered in our analyses (Redfern et al. 2003). However, Redfern et al. (2003) found
that larger grazers, such as buﬀalo, occurred farther
from water under conditions correlated with lower forage quantity while smaller grazers, such as zebra and
wildebeest, occurred farther from water under conditions correlated with lower forage quality. Hence, at the
smaller spatial scales considered in our analyses, forage
quality and quantity may inﬂuence the composition of
species assemblages.
The highest CoC values were consistently obtained,
throughout the study period and at all spatial scales, for
the assemblage composed of the two smaller grazers and
the assemblage composed of the three smaller browsers.
These results suggest that processes resulting in guild
aggregation, such as patch resources (e.g., the percentage of woodland compared to grassland) or other beneﬁts (e.g., mutual predator avoidance through
complimentary sensory acuities, de Boer and Prins
1990), exert a strong inﬂuence on species assemblages.
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Fig. 4 Locations of the highest
densities of a buﬀalo, b zebra, c
wildebeest, d elephant, e giraﬀe,
f kudu, and g impala in the
Kruger National Park from
1981 to 1993. For each species,
we summed the number of
individuals occurring in the
5·5 km2 grid cells throughout
the study period and mapped
the 183 cells falling within the
top quartile. Cells in which
more than 50% of the area
occurred outside the KNP
boundary were excluded,
resulting in a total of 732 cells
(out of 846) considered in this
analysis

However, our analyses also suggest that size-based
metabolic factors inﬂuence species assemblages. In particular, lower CoC values were obtained for the all
grazer assemblage compared to the small grazer assemblage and for the all browser assemblage compared to
the small browser assemblage, demonstrating that the
similarity of species spatial distributions decreases when
larger and smaller species of the same feeding type are
considered together.
Larger species, such as buﬀalo and elephant, use a
disproportionately larger share of resources than smaller
species because population metabolism scales positively
with body mass (du Toit and Owen-Smith 1989). Large
species are also able to feed in a wider range of habitats,
and hence may be characterized by a more even distribution than smaller species, because of their higher tolerance for low quality foods (du Toit and Owen-Smith
1989). Consequently, a decrease in similarity among

distributions of species of the same feeding type when
larger and smaller species are included in the same
assemblage may result from two alternative processes.
The disproportionate use of resources by large species
may lead to increased scramble competition during the
dry season as access to forage of adequate quality progressively declines (Arsenault and Owen-Smith 2002).
As a result of this competition, smaller species may
avoid foraging in areas containing high densities of large
species, producing disjoint distributions of small and
large species. Alternatively, decreased similarity among
species distributions when large and small species are
considered in the same assemblage may arise because
large species are characterized by relatively even spatial
distributions (du Toit and Owen-Smith 1989). In this
case, although distributions of small and large species
may overlap in relatively resource rich areas, global
similarity among distributions will be low because of the
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even distribution of large species and the patchy distribution of small species.
Among the KNP grazers, a relationship appears to
exist between the evenness of a species’ spatial distribution and the species’ size and gut morphology. In
particular, the largest ruminant grazer (buﬀalo) was
distributed the most evenly throughout the KNP
(Figs. 3a, 4a), whereas the smallest ruminant grazer
(wildebeest) occurred primarily in the southeastern
landscape (Figs. 3a, 4c). The distribution of zebra, a
non-ruminant of similar size to wildebeest, occurs
somewhere between these two extremes (Figs. 3a, 4a–
c). The strong similarity between zebra and wildebeest
distributions (hence the high CoC values for this
assemblage) is apparent in the open tree savanna
occurring on basalt soils in the southeastern KNP
landscape (Figs. 1, 4b, c). Overall, the results for the
KNP grazers appear consistent with the hypothesis that
the higher tolerance of large species for low quality
foods results in spatial distributions that are more even
for large compared to small species.
The relationship between the evenness of a species’
spatial distribution and the species’ size and gut morphology is not as apparent among the KNP browsers.
The largest browser, elephant, did have the most even
distribution (Figs. 3b, 4d). However, it is apparent that
high elephant densities are closely related to the location
of the main rivers in the KNP (Fig. 4d). The three
smaller browsers (giraﬀe, kudu, impala) occur predominantly in the southern KNP landscapes (Fig. 4e–g).
Within these landscapes, areas occupied primarily by
high densities of a single species produce disjoint distribution patterns. Hence, the high CoC values for these
species may indicate regional distribution patterns (i.e.,
the increase in densities from north to south).
Results of our CoCA analyses provide insight into
the processes inﬂuencing assemblages of African savanna herbivores at diﬀerent spatial scales. In particular,
results for grazers and browsers do not appear to agree
with the hypothesis that smaller species avoid foraging
in areas containing high densities of large species as a
result of scramble competition. Rather, the results for
grazers and browsers agree more closely with the
hypothesis that distributions of large and small species
overlap in relatively resource-rich areas, but have lower
global similarity values because the higher tolerance of
large species for low quality foods results in a more even
spatial distribution of large species compared to small
species. To further explore the relationship between
species assemblages and foraging decisions at multiple
scales, the collection of detailed forage quality and
quantity data throughout the KNP is necessary.
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