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Abstract

Species are by de¢nition di¡erent from each other. This
fact favours ranking rather than additive indices. How-
ever, ecologists have measured species diversity in terms
of species richness, orbycombining species richnesswith
the relative abundance of species within an area. Both
methods raise problems: species richness treats all spe-
cies equally, while relative abundance is not a ¢xed prop-
erty of species but varies widely temporally and
spatially, and requires a massive sampling e¡ort. The
functional aspect of species diversity measurement may
be strengthened by incorporating di¡erences between
species such as body size as a component of diversity.
An index of diversity derived from a measure of variation
in body size among species is proposed for large grazing
mammals.The proposed diversity index related positively
to species abundance, indicating that the use of body size
as a surrogate for diversity is adequate. Because the pro-
posed index is based on presence or absence data, the
expensive and time consuming counting of individuals
per species in each sampling unit is not necessary.

Key words: biodiversity index, body size, grazers, mam-
mals

Re¤ sume¤

Par de¤ ¢nition, les espe' ces di¡e' rent les unes des autres. Ce
fait favorise pluto“ t la classi¢cation que des indices supple¤ -
mentaires. Pourtant, des e¤ cologistes ont mesure¤ la diver-
site¤ des espe' ces en termes de richesse des espe' ces ou en
combinant la richesse des espe' ces avec l’abondance

relative des espe' ce dansunendroit donne¤ . Les deuxme¤ th-
odes engendrent des proble' mes : la richesse des espe' ces
traite toutes les espe' ces de la me“ me façon tandis que
l’abondance relative n’est pas une proprie¤ te¤ ¢xe d’une
espe' cemais varie conside¤ rablement dans le temps et dans
l’espace, et exige des e¡orts d’e¤ chantillonnage impor-
tants. On peut renforcer l’aspect fonctionnel de lamesure
de la diversite¤ des espe' ces en inte¤ grant des di¡e¤ rences
entre les espe' ces telles que la taille corporelle comme
e¤ tant des composantes de la diversite¤ . On propose pour
les grands mammife' res herbivores un index de diversite¤
de¤ rive¤ d’une mesure de la variation de la taille corporelle
parmi les espe' ces. L’index de diversite¤ propose¤ e¤ tait lie¤
positivement a' l’abondance des espe' ces, ce qui montre
que l’utilisation de la taille corporelle en remplacement
de la diversite¤ est opportune. Comme l’index propose¤ se
base sur des donne¤ es de pre¤ sence ou d’absence, il n’est
pas ne¤ cessaire de proce¤ der dans chaque unite¤ au compt-
age des individus de chaque espe' ce, si cou“ teux et si long.

Introduction

To prioritize conservation e¡orts, di¡erences in biodiver-
sity across an area often need to be assessed (Groom-
bridge, 1992). There has been controversy over the
meaningof biological diversity, over methods formeasur-
ingand assessing diversityas well as the ecological inter-
pretation of di¡erent levels of diversity. In the ensuing
confusion, Hurlbert (1971) despaired, declaring diversity
to be a nonconcept. However, his despair proved prema-
ture, and when carefully de¢ned according to an appro-
priate notation, diversity can be as unequivocal as any
other ecological parameter (Hill, 1973). The controversy
was largely the result of an unreasonable expectation
that a single statistic should contain all the information
about the assembly of objects that it represents (Huston,
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1994). Unfortunately, whenwe look for a suitable numer-
ical de¢nition, we ¢nd that no particular formula has
pre-eminent advantage, and that di¡erent authors have
plausiblyproposeddi¡erent indices (Hill,1973;Magurran,
1988). Because no single statistic can ever be an adequate
description of the diversity of a collection, several statis-
tics should always be provided to represent the collection
more completely (Huston,1994). Regardless of the statis-
tics that are chosen to describe diversity, it is critical that
the sample be collected usinga statistical design thatwill
allow a reliable estimate of the properties of the commu-
nity that are relevant to the diversity issue being studied
(Magurran,1988).

The concept of diversity has two statistical properties
and two unavoidable value judgements. The statistical
properties are the number of species in a given sample
and the relative numbers (individuals) of each di¡erent
type of species. The value judgements are whether the
species are di¡erent enough to be considered distinct
andwhether the individualsare similarenoughtobe con-
sidered the same.The number of species ina sample (spe-
cies richness) can provide a good de¢nition of biological
diversity. However, the great range of diversity indices
and models, which go beyond species richness, is
evidence of the importance of the relative abundance of
species (Magurran, 1988). The relative number of indivi-
duals comprising each species is usually referred to as
‘evenness’, because the more even the number of indivi-
duals, the greater the perceived diversity (Huston,1994).
Thus, ecologists have devoted considerable e¡ort to devel-
oping various indices of diversity that combine two dis-
tinct statistical components, species richness and their
relative population densities, in a single number (Brown,
1988).Themost frequently usedare the Shannon^Wiener
index (H0) and the Simpson index (D):

H0 ¼ �Spi ln pi (1)

D¼1/Sp2
i (2)

where pi represents the fractional abundance of the ith
species. The derivation, properties and uses of these
indices are discussed thoroughly in the ecological litera-
ture (Peet, 1974; Pielou, 1975). The maximum diversity
(Hmax) that could possiblyoccur is foundwhereall species
are equally abundant (Magurran, 1988). The ratio of
observed diversity to maximum diversity can therefore
be taken as a measure of evenness, E (Pielou,1975):

E ¼ H0/Hmax (3)

Shannon^Wienerand Simpson indices measure di¡er-
ent aspects of the partition of abundance between spe-
cies. Simpson’s index, for example, is sensitive to the
abundance of the most common species, while Shan-
non^Wiener index is sensitive to rare species in the sam-
ple (Magurran,1988).

In constructing indices based on the proportion of
species, the importance of every species is related to the
count of individuals in each species. In other words, it
is assumed that all species have an equal weight (e.g.
an elephant [Loxodonta africana] is equivalent to
warthog [Phacochoerus aethiopicus] in a count of species
present). A commonly used diversity measure that
treats species as equal only if their abundances are
approximately equal is the rank abundance distribution
(Cousins, 1991). Because an objective of the species
abundance distribution may be to explain resource use,
it is particularly relevant that species di¡er in their
resource demands. Body size is an important species
variable de¢ning resource use (Cousins, 1991), and stu-
dies on the nutrition of herbivores species have estab-
lished that large grazers are better suited to handling
high biomass (low-quality forage) than smaller species
(Prins & Ol¡,1998).Thus, the use of theherb layer by large
grazing species increases the availability of resources
for smaller animals in some ungulate communities
(Vesey-Fitzgerald, 1960; Bell, 1971; McNaughton, 1976;
Gordon,1988).

Facilitation has been frequently deduced in African
grazing studies because di¡erent grazers have various
capabilities for exploiting grasslands withdi¡erent struc-
tural properties, species composition and productivity.
Hence, relations among herbivores interacting through
their food supplies are facilitative in some respects
(Vesey-Fitzgerald, 1960; Bell, 1971; McNaughton, 1976).
Vesey-Fitzgerald (1960) observed in Tanzania, elephants
feeding and trampling the tall grass around the edges of
Lake Rukwa thereby providing habitat for bu¡alo (Syn-
cerus ca¡er), which in turn provide short grass patches
that can be grazed by smaller antelopes such as topi
(Damaliscus korrigum). Thus, the presence of elephants
increases the number of grazing herbivores that can live
in the Lake Rukwa ecosystem. Bell (1971) described graz-
ing succession amongst large mammals of the Serengeti
ecosystem. In certain areas when the dry season starts,
zebra (Equus burchelli) eat the tough tall grass stems,
thereby making basal leaves more available towildebeest
as well as topi, and these in turn prepare the grass sward
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for Thomson’s gazelle (Gazella thomsoni). McNaughton
(1976) suggested that migratingThomson’s gazelle prefer
to feed in areas already grazed by wildebeest because
these areas produce young green regrowth not found in
ungrazed areas. Another good example of facilitation is
provided in Ngorongoro Crater where cattle, donkeys
and small stock were removed in 1974. Since that time,
plains zebra, commonwildebeest (Connochaetes taurinus),
common eland (Taurotragus oryx), Hunter’s hartebeest
(Damaliscus hunteri) and Grant’s gazelle (Gazella granti)
all declined in numbers. However, bu¡alo sharply
increased in numbers after livestock removal (Runyoro
et al., 1995). The interpretation might be that cattle and
bu¡alo showed competitive exclusion while the other
herbivores were favoured by facilitation (Prins & Ol¡,
1998). The evidence suggests that the presence of large
grazers in ecosystems enhances the nutritive value of
forage and facilitates for more selective smaller grazers.
Thus when facilitation takes place, small species are pre-
vented from going extinct and such areas are likely to
have more species because both selective andunselective
grazers coexist (Table1). Consequently, species richness
of grazers should be highest where such facilitation
interactions are strongest (Prins & Ol¡, 1998). Hence,

facilitation interactions may form a basis for developing
a new diversity measure.

The main objective of this study was to develop a new
diversity index for large grazing mammal species that
incorporates body size as a component of diversity. The
study was carried out at landscape scale (10�10 km)
because it is at this scale where the consequences of
human activities such as ecosystem modi¢cation and
fragmentation are most dramatic (Hal¡ter,1998). Hence,
most management decisions concerning the conserva-
tion of species diversity are made at landscape scale
(Bohning-Gaese,1997).

Methods

The study area and animal species data

Kenya is situated between latitudes 58400 north and
4840 south and between longitudes 338500 and 418450

east. The study area covered ¢ve rangeland districts,
namely, Kajiado, Laikipia, Narok, Samburu and Taita
Taveta. The natural vegetation types of these districts
are as follows: Kajiado district consists of wooded grass-
land, open grassland, semidesert bushland and scrub.

Table1 The average body mass of grazing mammals larger than10 kg, occurring in Kenyan rangeland. Average body mass of each species is
defined as the midpoints of quoted weight ranges and averaged male and female body weights. The grazer species may be categorized from
selective to unselective grazers (Caughley & Sinclair,1994). Small size (<50 kg) species are selective feeders on leaves of bushes and grass
while medium species (>100 kg) select high-quality grass leaves. Mixed feeders change from grazing in rainy season to browsing in dry
season. Unselective feeders prefer low-quality grass (i.e. high biomass). Body mass data were obtained from Haltenorth & Diller,1980)

Common name Scientific name Body mass (kg) Feeding method

Steinbok Raphicerus campestris 11.1 Selective
Thomson’s gazelle Gazella thomsoni 24.9 Selective
Reedbuck Redunca redunca 44.8 Selective
Impala Aepyceros melampus 52.5 Mixed
Grant’s gazelle Gazella granti 55.0 Mixed
Warthog Phacochoerus aethiopicus 73.5 Mixed
Topi Damaliscus korrigum 119 Selective
Wildebeest Connochaetes taurinus 132.3 Selective
Hunter’s hartebeest Damaliscus hunteri 134 Selective
Waterbuck Kobus ellipsiprymnus 211 Selective
Grevy’s zebra Equus grevyi 408 Selective
Oryx Oryx gazella 203 Unselective
Burchell’s zebra Equus burchelli 235 Unselective
Eland Taurotragus oryx 471.3 Unselective
Buffalo Syncerus caffer 631 Unselective
Hippopotamus Hippopotamus amphibius 1900 Unselective
Elephant Loxodonta africana 3550 Unselective
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Wildlife is an important feature of the district and is
found within Amboseli and Chyulu Game Conservation
Area, as well as within de¢ned dispersal areas that
consist of group and individual ranchers (Republic of
Kenya, 1990). Laikipia district has mainly dry forms of
woodland and savanna with no game reserves but most
ranches carry abundant wild herbivore species (Mizu-
tani, 1999). Narok district carries variable vegetation
cover, that is, moist woodland, bushland or savanna and
has one of theworld’s famouswildlife sanctuaries,Maasai
Mara National Reserve. Samburu and Taita Taveta dis-
tricts are dominated by Commiphora, Acacia trees or
woodland and perennial grasses suchas Cenchrus ciliaris
and Chloris roxburghiana. Samburu has three game
reserves, Samburu, Shaba and Bu¡alo Springs, while
Taita Taveta district covers a large portion of Tsavo
National Park.

The source of large grazing mammal species (greater
than 10 kg) data (1981^97) was the Department of
ResourceSurveysandRemote Sensing (DRSRS),Ministry
of Environment and Natural Resources, Kenya. The sys-
tematic reconnaissance £ight methodology used by
DRSRS for aerial census of animals is fully described by
Norton-Gri⁄ths (1978). Statistical analyses to validate
DRSRS survey methodology have proved the method to
be e⁄cient and the data to be reliable (De Leeuw et al.,
1998; Ottichilo & Khaemba, 2001). Topographic maps of
scale 1:250,000 were used for £ight planning and all
transects conform to the Universal Transverse Mercator
(UTM) coordinate system. The aerial surveys were car-
ried out along transects orientated inan east^west direc-
tion and spaced at 5-km intervals. The standard £ying
height and aircraft speed were 120 m and 190 km h�1,
respectively.Two experienced and well-trained observers
occupied the rear seats of a high wing aircraft (Cessna
185 or Partenevia) and counted animals that appeared
between two rods attached to the wing struts. The ¢eld
of vision between these rods was calibrated by £ying
repeatedly across ground markers of known spacing
(Ottichilo & Sinange, 1985). The number of animals
falling within the survey strips on either side of the
aircraft along each 5 km transect segment were coun-
ted and recorded into tape recorders by the two rear
seat observers. Groups of animals more than ten in num-
ber were also photographed. After every survey the
tape-recorded observations were transcribed to data
sheets, which together with processed photographswere
interpreted for herbivore species using 10� binocular

microscopes and an overhead projector. Because our
study was executed at landscape scale, the processed
data at 5�5 km spatial resolution were converted to
10�10 km grid cells by averaging. The study focuses on
large mammal species that have grass as an important
component in their diet and are native in rangeland dis-
tricts with at least 4 years of survey during the 16-year
period (1981^97).

Explanation of the proposed diversity index

The proposed diversity index is based on the hypothesis
that grazer species richness will be highest where large
grazers are prevalent. From such a basis, high species
richness should be expected where both small and large
grazers coexist. Hence, a positive relationship between
richness and any measure of variation in body size
among species is expected. Therefore, two measures of
variability, coe⁄cient of variation (i.e. variation relative
to the average body weight) and the ratio between the
median average body weight and interquartile range
were compared in order to identify which measure of
variability correlates strongly with species richness and
total average abundance.

Prior to calculation of coe⁄cient of variation, average
body weight (A) and standard deviation (S) were calcu-
lated as:

A ¼ 1
n

X
xi ð4Þ

S ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1
n� 1

X
ðxi

r
� xÞ2 ð5Þ

where n is the numberof individualaverage bodyweights
and xi is individual species average body weight within
a sample unit.Therefore, coe⁄cient of variation (CV) that
gives the proposed diversity index is derived as:

CV ¼ S/A (6)

On the other hand, before calculating the ratio between
the median average body weight and interquartile
range, the median (M) was calculated as the midpoint
in the ordered list of observations. Subsequently, the
25th percentile (¢rst quartile) and 75th percentile (third
quartile) were calculated as the median of the observa-
tions whose position in the ordered list is to the left
and right, respectively, of the location of the overall
median.Thedistancebetweenthe quartiles, interquartile
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range (IQR), is the measure of spread that gives the
range covered by the middle half of the data. In this
case, the ratio that gives the proposed diversity index is
derived as:

IQM ¼ IQR/M (7)

Testing the proposed diversity index

Theperformanceof theproposeddiversity indexon range
of data sets was tested by two approaches (Magurran,
1988). First, because species diversity of any group of
taxa generally increases as the total population of the
group increases (Diamond,1988), the proposed diversity
index was correlated with total average abundance. The
latter was calculated per grid cell (10�10 km) as the
total number of all individuals observed divided by total
numberof surveyyears. Second, correlating theproposed
diversity index with Shannon^Wiener and Simpson’s
indices, evenness and species richness tested the aspect
of diversity that the proposed index is measuring as
well as circumstances where the new diversity index is
di¡erent from conventional indices. The number of
grazer species was counted in 10�10 km sample units
for districts, Kajiado, Laikipia, Narok, Samburu and
Taita Taveta to give a value for total species richness. In
addition, the total average abundance, Shannon^Wiener
index, Shannon evenness and Simpson’s index were
calculated. Regression lines between the independent
variable (proposed diversity index) and dependent
variables (species richness, total average abundance,
evenness, Shannon^Wiener index and Simpson’s
index) were calculated, as well as 95% con¢dence
intervals.

Results

The twomeasuresof variation inbodysizeamongspecies,
coe⁄cient of variation and the ratio between median
and interquartile range correlated positively with species
richness and total average abundance (Table 2).However,
with exception of Samburu district, species richness
and total average abundance correlated more strongly
with coe⁄cient of variation than with the ratio between
medianand interquartile range. Hence, coe⁄cient of var-
iationmaybe takenas amoreappropriatemeasure of gra-
zer diversity in the study districts than the ratio
between median and interquartile range.

Although the proposed diversity index is not based on
relative abundance of species, its correlation with total
average abundance is moderately strongand comparable
toconventional indicesbasedonproportionalabundance
of species such as Shannon evenness, Shannon^Wiener
and Simpson’s indices (Table 3). Moreover, in Narok dis-
trict with the highest species richness and abundance
of individuals (Table 2) the new index yields stronger cor-
relation with total average abundance than Shannon
evenness, Shannon^Wiener and Simpson’s indices
(Table 3).

The relations betweendiversity indiceswere compared
in two districts with di¡erent levels of species richness
and total average abundance (Table 4), that is, Narok dis-
trict with the highest species richness and abundance
of individuals, and Samburu district with the lowest spe-
cies richness and abundance of individuals (Table 2).
The results (Table 4) reveal that the proposed diversity
index is more strongly associated with conventional
indices in the district (Narok) with the highest species

Table 2 The coefficient of correlation (r) between measures of variation in body size among species and species richness as well as
abundance of individuals: species richness (S) versus (vs) coefficient of variation (CV); species richness versus the ratio between median and
interquartile range (IQM); log-total average abundance (I) versus coefficient of variation; log-total average abundance versus the ratio
between median and interquartile range across five range land districts. Logab and rich represent the maximum log-total average abundance
and maximum species richness in10�10 km while n stands for number of sample points. Significant at P<0.001is represented by �� while�

represents significant at P<0.05, ns ¼ not significant at P<0.05

District S vs CV S vs IQM I vs CV I vs IQM Logab Rich n

Kajiado 0.525�� ns 0.384�� ns 6.0 11 204
Laikipia 0.649�� 0.486�� 0.471�� 0.280� 5.3 12 81
Narok 0.749�� 0.429�� 0.637�� 0.299�� 8.0 13 122
Samburu 0.332�� 0.524�� ns 0.460�� 4.3 7 87
TaitaTaveta 0.566�� 0.328�� 0.519�� 0.318�� 5.0 11 161
Pooled data 0.508�� 0.363�� 0.361�� 0.268�� 8.0 13 655
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richness and abundance than in the district (Samburu)
with the lowest species richness and abundance. More-
over, theproposeddiversitymeasuregives stronger corre-
lation with measures of richness (species richness and
Shannon^Wiener index) than with a measure of domi-
nance (Simpson’s index).This indicates that thenewindex
is a species richness measure that takes variation in body
size among species into account, as opposed to conven-
tional indices. Fig.1shows that straight-line relationship
between the proposed diversity index and total average
abundance in Narok, which account for 47% of the var-
iance.

Discussion

Theproposed diversity indexhas values rangingbetween
0 and 3 across the ¢ve districts studied.The lowest values
(Table 5) are found mainly in the samplingunits with less
variation in body size among species (i.e. low coe⁄cient
of variation). In essence, low values of the proposed diver-
sity index re£ect a community where grazer species are
more or less similar in body mass. Consequently, resource

Table 3 Coefficient of correlation (r) between log-total average species abundance and diversity indices, species richness (S),
Shannon^Wiener index (H0), Simpson’s index (D), evenness (E), proposed diversity index (CV) across five rangeland districts in Kenya.With
exception of ns, which represents not significant at P<0.05, all other correlations are significant at P<0.001, n¼ number of sample points

District S H0 D E CV n

Kajiado 0.650 0.505 0.374 0.486 0.384 204
Laikipia 0.779 0.676 0.495 0.657 0.471 81
Narok 0.820 0.586 0.443 0.585 0.637 122
Samburu 0.714 0.548 0.429 0.489 ns 87
TaitaTaveta 0.747 0.567 0.403 0.561 0.519 161
Pooled data 0.805 0.637 0.517 0.572 0.361 655

Table 4 Coefficient of correlation (r) between diversity measures. The diversity of grazer species in two districts were correlated for five
diversity indices, species richness (S), Shannon^Wiener index (H0), evenness (E), Simpson’s index (D) and proposed diversity index (CV).
Significant at P<0.05 is represented by� while ns stands for not significant at P<0.05, and other correlations are significant at P<0.001. Na
and Sa represent Narok and Samburu districts, respectively

I H0 D E CV I H0 D E CV

S 0.820 0.761 0.644 0.760 0.749 S 0.714 0.863 0.717 0.713 0.332
I 0.581 0.443 0.585 0.637 I 0.548 0.429 0.488 ns

H0 0.899 1 0.436 H0 0.951 0.842 0.240�

D 0.898 0.368 D 0.803 ns
E 0.435 E 0.240�

Na CV Sa CV

Fig1 The relationship between proposed diversity index (CV) and
log-total average abundance (I) in Narok district
(I¼2.803þ2.056 CV, r2¼0.469, P<0.001)
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competition is expected to prevail over facilitation inter-
actions leading to low species diversity (Prins & Ol¡,
1998). Conversely, high values of the proposed diversity
index occur in sampling units with a high variation in
body size among species (Table 5).This re£ects a commu-
nity where all species with di¡erent body weights are
represented (i.e. small, medium and large species). In this
case, grazing succession is expected to occur where large
grazers, which are unselective feeders, remove the tough
tall grass thereby making basal leaves available to med-
ium grazers. The medium size grazers in turn prepare
the grass sward for highly selective feeders (small spe-
cies). However, in some cases the high values of the pro-
posed diversity index cannot be attributed to
facilitation. For instance, smaller species may join larger
grazers todilute individualpredation risksandnot toben-
e¢t from grazing facilitation. In addition, grazers are
water-dependent so the proposed diversity index is
expected to be high near water bodies, again indepen-
dently of grazing facilitation. Furthermore, there tend
to be more species of small-bodied species than of large-
bodied species (Diamond,1988) and hence the variations
in body size among smaller species are lower than among
larger species (Table 5). As a consequence, two large spe-
cies will give a higher value of the proposed diversity
index than two small species even though the richness
is not di¡erent.

The result (Fig.1) shows that the proposed diversity
index increases with increase in total average species
abundance, which is consistent with the ecological rule
that species diversity of any higher level taxon generally
increaseswiththegroup’s totalpopulationsize (Diamond,

1988). This demonstrates that body size may be ade-
quately used as a surrogate for diversity. The proposed
diversity index seems to have better performance in the
districts with high species richness and high numbers
of individuals than in the districts with low species rich-
ness and low numbers of individuals. In Narok district
with the highest grazer species richness and highest
abundanceof individuals, thenew indexyieldsa stronger
correlation (Table 4) with total average abundance than
Shannon evenness, Shannon^Wiener and Simpson’s
indices. Moreover,Table 4 reveals that the proposed diver-
sity index is stronglycorrelatedwithconventional indices
in the district with the highest numbers of species and
individuals. This provides evidence that the proposed
diversity index better re£ects grazer diversity in areas
where species richness and abundance of individuals
are higher than in areas where species richness and
abundance of individuals are lower. Generally, quanti¢-
cationof biodiversity using indices based onproportional
abundance of species in areas with high species richness
and high abundance of individuals requires expensive
and time consuming counting of individuals per species
in each sampling unit. In such areas the new diversity
measure may be useful because it is derived from pre-
sence^absence data that require relatively less sampling
e¡orts.

The signi¢cant positive correlation between the new
index and conventional indices (Table 4) shows that the
proposed diversity index has the potential to be used in
environmental monitoring. For example, adverse e¡ects
of pollution will be re£ected in a reduction in values of
the proposed diversity index, because species with

Table 5 An example of the grazers’species individual body weights observed in sample units in Narok district. The average body weight (A),
median (M), standard deviation (S) and interquartile range (IQR) were calculated per sample unit (10�10 km). The proposed diversity index
is calculated as average body weight divided by standard deviation, coefficient of variation (S/A) or interquartile range divided by median
(IQR/M)

Grazer species body weights A M S IQR IQR/MS/A

45 51 53 55 73 55 53 10.5 10 0.19 0.19
25 45 51 53 55 73 50 52 15.6 10 0.19 0.31

45 51 53 55 73 211 235 103 55 82.5 22 0.40 0.80
25 45 51 53 55 73 119 132 211 235 100 64 73 81 1.27 0.73

45 51 53 55 73 211 235 471 631 203 73 214 184 2.52 1.05
25 45 51 53 55 73 471 631 176 54 236 28 0.52 1.34

45 51 53 55 73 119 132 211 235 471 631 189 119 194 158 1.33 1.03
25 45 51 53 55 73 119 132 211 235 471 631 175 96 191 160 1.67 1.09

45 51 53 55 73 119 132 211 235 471 631 1900 3550 579 132 1026 418 3.17 1.77
25 45 51 53 55 73 119 132 211 235 471 631 1900 3550 539 126 996 418 3.33 1.85
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higher body weights are reduced in polluted commu-
nities (Magurran,1988).Moreover, because thenewindex
is basedonameasure of variation inbodysize among spe-
cies, the degree of di¡erence between species is included
in the index. This property has given the proposed diver-
sity indexanadvantageover species richness andpropor-
tional abundances of species indices (Shannon^Wiener
andSimpson’s indices) that treat species as taxonomically
equal. Furthermore, Shannon^Wiener and Simpson’s
indices combine species richness and relative abundance
of species, which ismore a¡ected byquantitativevariabil-
ity (Pielou,1995). Populationsizes ofgrazer species£uctu-
ate enormously from year to year in the study areas,
therefore a diversity index based on body size that req-
uires presence^absencedatamayprovideamoree¡ective
estimate of biodiversity than diversity indices based on
quantitative data that require massive sampling e¡orts.

Bodysize is one of the most studiedattributes of animal
species because it is related to many other species attri-
butes such as longevity, reproductive success, predation,
competition and dispersal (Dunham, Tinkle & Gibbons,
1978; Siemann, Tilman & Haarstad, 1996). In addition,
body size is easy to measure, so it is a convenient surro-
gate for these other elusive variables. Hence, knowing
the distribution of body size can thus give insights into
how other variables might be distributed within taxa or
assemblages. Body weights de¢nitely di¡er between
adults and youngsters, but possibly for some species
between males and females as well.This is extremely dif-
¢cult to spot when carrying out aerial survey on a small
aircraft, although for elephants it may be possible, and
may in£uence the quanti¢cationof biodiversity.However,
it is assumed that takingaveragebodyweightof each spe-
cies as the median of quoted weight ranges (young to
adult) and averaged male and female body weights (Prins
& Ol¡,1998) are of su⁄cient precision for yielding a reli-
able biodiversity index.

Conclusion

Indeveloping thenewdiversity index ithasbeenassumed
that larger grazer species facilitate for smaller species
and hence species richness is expected to be higher in
areaswhereboth smallerand larger species coexist.From
such abasis, an index derived from measures of variation
in body size among species seems to be an appropriate
measure of biodiversity because it correlates positively
with species abundance from ecological communities

(Table 2) as well as other conventional indices (Tables 3
and 4).The fact that the proposed diversity index is based
onpresence^absence data makes it ideal for rapid apprai-
sal of diversity of herbivores over large areas (Pielou,
1995).

It is known for many groups of animal� birds, mam-
mals and ¢sh� that the distribution of body sizes is
skewed, so there are more relatively small species than
large ones (Brown,1995;Nee&Lawton,1996). Inaddition,
this right skewness has been observed in ¢ve orders of
insects where basic patterns link species richness, rela-
tive abundances and body size (Siemann et al.,1996). See-
mingly, the most abundant species among birds,
mammals, ¢sh and insects tend to be relatively small in
size. Apparently, larger species have larger home ranges
and lower densities (Peters, 1983) resulting in smaller
local populations. Furthermore, smaller species take up
less space than larger species and individuals of smaller
species can live in very tiny places, ¢lling ecological
niches that would be unsuitable for larger species. Also,
small individuals need only small amounts of food to
reproduce quickly, and so large numbers can exist in
restricted places. As a consequence, smaller species are
generally more diverse than larger species (Diamond,
1988). However, for a given taxonomic group (e.g. birds,
mammals, ¢sh and insects) species richness should be
expected to be high in areas where both small and large
species coexist. In view of this, the proposed diversity
index may be useful for quanti¢cation biodiversity for
other taxonomic groups. However, more experiments
need to be done to establish the possible merit of the pro-
posed diversity index for other taxa.
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