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Determinants of diet selection by Blackbuck Antilope cervicapra
at Point Calimere, southern India: quality also matters

Selvarasu Sathishkumar!@®), Subhasish Arandhara? ® & Nagarajan Baskaran®@®

- Mammalian Biology Lab, Department of Zoology, A.V.C. College (Autonomous) (affiliated to Bharathidasan University, Tiruchirappalli),
Mannampandal, Tamil Nadu 609305, India.
tksathish605@gmail.com, 2subhasisharandhara@gmail.com, * nagarajan.baskaran@gmail.com (corresponding author)

Abstract: Unlike the wide-ranging habitat generalists that move seasonally across heterogenous habitats to optimize the energy intake,
short-ranging habitat specialists fulfil the same by restricting to single habitat. Understanding how habitat-specialists do this is an interesting
question and essential for their conservation. We studied the diet composition and evaluated the covariates belonging to climate, habitat
and grass dynamics to assess the determinants of seasonal diet selection by Blackbuck Antilope cervicapra, an antelope endemic to the
Indian subcontinent, at Point Calimere Wildlife Sanctuary, southern India. Diet composition studied following feeding trail observation (n =
102322) and the influence of covariates on the top five major diet species selected seasonally was tested using Regression with Empirical
Variable Selection. The results showed that overall Blackbucks consumed 30 plant species—six browse and 27 grass species. While wet
season diet was less diverse (22 species) with higher dependency on principal diet Cyperus compressus (>40%) and Aeluropus lagopoides
(24%), the dry season diet was more diverse (30) species, with decreased dependency on principal diet. Among 13 covariates belonging to
climate, habitat, and grass dynamics tested against selection of top five major diet plants by Blackbucks, grass dynamics covariates alone
entered as the predictors both in wet and dry seasons. While cover and green leaves of the grass were the most common predictors in
the top-five diets selection during wet season, in dry season besides cover and green leaves, grass texture (hard and soft), also entered
as the most common predictors. The entry of grass cover, a quantitative related measure, and texture and green condition of the grass,
quality related measures, as the drivers indicate that diet selection by Blackbuck is not just a matter of grass quantity, but also its quality.

Keywords: Diet selection, feeding site examination, grass dynamics, grassland, native species, quality of grass, soft texture grass, Ungulate.
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INTRODUCTION

In natural environment, ungulates exploit the
heterogeneity of resources through selective grazing,
choosing a diet of better quality than the average
vegetation; on offer by preferring habitats that meet
their foraging requirements (Prache et al. 1998).
The habitat and the physical arrangement of various
factors act as key ecological attributes influencing
environmental conditions (Bell et al. 2012). The
diverse topography along with remarkable variation
in precipitation level in tropical environment results
in spaciotemporal variations in resource quality and
quantity (Baskaran et al. 2018). Habitat generalists, with
wide-ranging nature, in heterogenous landscape use
different habitats annually by moving among habitats in
relation to season and resource availability. On the other
hand, the habitat specialists, with restricted movement,
fulfil their requirements within a given habitat round the
year (Owen-Smith 2002). Understanding how habitat
specialists cope-up within a habitat round the year and
the factors that influence their resource-use pattern is
an interesting area of research pertaining to long-term
conservation. Diet selection and forage preference play
a vital role in understanding the ecology of a species, as
obtaining adequate quantity and quality of food for their
survival and reproduction (Weterings et al. 2018).

Foraging decision and diet selection determine both;
the nutrient intake by the animals and their impact on
the vegetation. Thus, they are important for animal and
vegetation management (Owen-Smith 1979; Prache
et al. 1998). Earlier studies have reported that diet
selection by ungulates is widely determined by many
factors including forage quality, e.g., fiber, protein,
micronutrients, secondary compounds (Forsyth et al.
2005; Renecker & Hudson 2007), plant phenology
(Bee et al. 2010; Zweifel-Schielly et al. 2012) and forage
availability/ quantity (Danell & Ericson 1986), time of day
(Newman et al. 1995), interspecificcompetition (Dailey et
al. 1984). Grasses, laden with fresh young leaves, are the
prime forage of grazers during monsoon. Studies report
that fresh leaves with soft texture, that are essentially
more palatable due to lesser fiber and cellulose content
and high protein content are preferred over dry and hard-
textured grass (De Jong et al. 1995; Treydte et al. 2011;
Kunwar et al. 2016). On the other hand, seasonal dry out
or drought conditions, even periods of low water table,
turn out to be a critical period for grazing, during which
the forage species transform into leafless, dried and hard
textured grass. This becomes a challenging situation for
grazers to meet the minimal nutritional requirements.

Sathishkwmar et al.

Hence, the quality and quantity of food that is available
during the dry period must be the determining factor
of ungulates diet selection. Thus, the determination
of grass dynamics including phenology indicating the
seasonality, is suggested as the primary need (Treydte et
al. 2011; Kunwar et al. 2016). Further, the environment
plays a major role in forage quantity and quality, which in
turn are expected to greatly influence reproduction, as
the process of reproduction is energetically demanding
for ungulates (Sadleir 1969; Sinclair 1977; Bronson 1989;
Schmidt-Nielsen 1997; Pekins et al. 1998; Sinclair et al.
2000).

Blackbuck Antilope cervicapra an endemic species
to Indian subcontinent; found in southern and central
India, ranges in tropical and subtropical woodland, dry
deciduous forests, open plain grasslands, riverbanks,
semi-desert habitats, crop and pasture lands (Long
2003). The species is currently categorized under the
least concerned category by the IUCN, but is listed under
Schedule | species under the Indian Wildlife (Protection)
Act 1972. Among the current populations in southern
India, the Point Calimere Wildlife Sanctuary in Tamil
Nadu harbors the largest population. Nevertheless, this
population is also declining, from over 2,300 individuals
in 1995 (Tamil Nadu Forest Department Census ) to
around 1,500 individuals in 2005 (Ali 2005) and 2010
(Jagdish 2011). A recent study using Multi Covariate
Distance Sampling estimates the population at 750—
900 individuals (Arandhara et al. 2020). Blackbucks are
known to rely primarily on short grasses (<50 cm); with
various research works reporting grasses as their major
food resource under free-ranging conditions. A profound
seasonality in its nutritional ecology is reported in
regions where the species have access to high quantity
and quality forage during the monsoon coinciding with
periods of grass growth (Schaller 1967; Chattopadhyay &
Bhattacharya 1986; Goyal et al. 1988; Henke et al. 1988;
Pathak et al. 1992; Jhala 1997; Solanki & Naik 1998;
Garg et al. 2002; Das et al. 2012; Jhala & Isvaran 2016;
Baskaran et al. 2016, 2020; Frank et al. 2021). In contrast,
browse species like Prosopis juliflora and Acacia nilotica
can also form a significant portion of their diet (Ghosh et
al. 1987; Ranjitsinh 1989; Jhala 1997). Further, studies
based on gastrointestinal-digestive physiology classified
the Blackbuck as intermediate feeder, which is reported
to include considerable amounts of browse and other
trees in its diet (Schaller 1967; Solanki & Naik 1998;
Hummel et al. 2015).

The determinants of diet selection remain obscure
and an understanding of whether it is quantity or quality
or a combination of both influence diet selection and
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feeding behaviour of herbivores is crucial to manage
the endemic species (Shrestha & Wegge 2006); and in
devising conservation measures for their long-term
survival (Belovsky 1997; Ahrestani & Sankaran 2016).
Studies directed towards herbivore management suggest
that; procuring reliable information on aspects of basic
life history and ecology, key uncertainties rise from diet
selection and nutrition (Newmaster et al. 2013). In this
study, assessing the diet composition and evaluating
weather, and habitat conditions, grass dynamicsincluding
phenology; we address the (i) seasonal diet selection
and (ii) influence of climate, habitat and grass dynamics
covariates on the individual selection of top five major/
principal diet species by Blackbuck at Point Calimere,
southern India. This study provides data on principal
and preferred food plants and the factors influencing
the principal diet species selection that are crucial for
the management of Blackbuck population, the iconic
species of the sanctuary concerned. We use regression
with empirical variable selection (REVS) approach, which
is shown to be more useful for ecological data than
typical regression approaches (Goodenough 2012).

Southern India

Sathishkwmar et al.

MATERIALS AND METHODS

Study area

The study was conducted between November 2017
and October 2018 at Point Calimere Wildlife Sanctuary
(PCWS), (10.30N-79.85E and 10.35N-79.42E), which
is home to the largest population of the Blackbuck
in southern India. The area derives its name from the
coast that takes 90° at ‘Point Calimere’, where the Bay of
Bengal and Palk Strait confluence, spreading over an area
of 21.5 km? and is situated in Tamil Nadu, southern India
(Figure 1). The sanctuary was established in 1967 for the
conservation of Blackbucks. The area receives 1366 mm
of annual rainfall with wet season running from October
to January, and dry season running from February to
September. The sanctuary has diverse habitats ranging
from tropical dry-evergreen to grassland with patches
of open-scrub and mudflats (Ali 2005). The grasslands
situated in the southern region of the sanctuary
are potential habitats for Blackbuck, along with the
presence of other herbivores like chital A. axis & Black-
napped Hare Lepus nigricollis and the introduced horse
Equus caballus (Ramasubramaniyan 2012). There is no
large carnivore, but jackal Canis aureus, often prey on
Blackbuck fawns (Baskaran et al. 2016), and domestic
dogs occasionally prey on adults and fawns (Selvarasu

Point Calimere Wildlife Sanctuary

WA e ]

Paint Callnere

wildlife Sayctuary

Legend

[ Dry-evergreen forest
|| Grassland

[]water body
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£€eol
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Figure 1. Point Calimere Wildlife Sanctuary, southern India.
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Sathishkumar pers. obser. 05 April 2018). Its natural
habitat experiences anthropogenic pressure in the form
of cattle grazing (Baskaran et al. 2016) and proliferation
of Prosopis juliflora, an alien invasive species (Ali 2005).

Feeding site examination

The diet composition or food habits of ungulates
is often studied by direct observation while feeding or
noting down the locations where the animals grazed/
browsed. Subsequently, the site is inspected to record
the species consumed (Wallamo et al. 1973). The first
of these methods is called grazing minutes or seconds
(Hahn 1945; Buecher 1950), and the latter is feeding site
examination by direct observation (Lovaas 1958). Since
the study species is primarily a grazer (Prater 1965),
we adopted the method of feeding site examination.
Thirty quadrats of 1m? each were laid at six feeding sites
examined per month and the feeding sites were chosen
from areas where the study species were found in their
peak feeding time at 0600—-1000 h and 1500-1800 h.
A feeding site examination refers to the observation
of study species feeding for an hour and subsequent
recording of the plant species devoured in the observed
area. At each feeding site, 5-7 quadrats measuring 1 m?
were placed at uniform intervals along a feeding site
as suggested elsewhere (Lovaas 1958; Baskaran 2016)
and the frequency of various plant species eaten were
recorded based on fresh feeding signs such as exudation
of sap, crushed tissue and fresh clippings (Shrestha &
Wegge 2006; Baskaran et al. 2016). Overall, 270 1-m?
quadrats consisting of 1,02,322 fresh feeding signs were
recorded, with feeding signs during the wet season
accounting for marginally higher (n = 52,938 or 52%)
from 121 quadrats (mean 438 feeding signs/quadrat)
compared to the dry season (n = 49,384 feeding signs
or 48%, from 149 quadrats - mean of 331 feeding signs/
quadrat). The duration of observation during the wet
season was 119 h (mean of 7.4 feeding signs/min)
and 143 h during the dry season (mean of 5.8 feeding
signs/min). In addition, 13 covariates that are likely to
influence the diet selection belonging to climate (n = 3),
habitat (n = 3) and grass dynamics (n = 7), as listed in
Table 1, were assessed at the respective feeding sites,
following standard procedures, as given in Table 1. All
covariates pertaining to grass dynamics were obtained
using quadrats of one 1 m? as suggested by Baskaran et
al. (2010).

Statistical analysis
The compiled data were checked for homogeneity
of variance and normality prior to detailed analysis.

Sathishkwmar et al.

The Kolmogorov-Smirnov (KS) test on major five food
plants in both the season showed that the distribution
of A. lagopoides (KS: 0.165; p = >0.05), D. aegyptium
(KS: 0.402; p = >0.05), C. compressus (KS: 0.234; p =
>0.05), C. barbata (KS: 0.422; p = >0.05), C. polystachyos
(KS: 0.487; p = >0.05), and B. barbata (KS: 0.483; p =
>0.05) was neither normal, nor could be transformed to
normal with four different transformations. Therefore,
the difference in the selection of this species between
seasons were tested using non-parametric Mann-
Whitney U-test. All statistical tests were run using SPSS
program (v.23). To comprehensively provide baseline
data on how the five major diet species were selected
in relation to each covariate, we split each covariate
level into two categories as low and high and tabulated
the consumption rate of five major diet species
respectively. For example, in case of the covariate on
ambient temperature, the replicates with temperature
range <30°C were categorized as low level and those of
>30°C level, as high level and the observed difference
in consumption of major five diet between the two
levels were tested using Mann-Whitney U-test. The
seven covariates belonging to grass dynamics were
tested with the selection of each major diet, in three
different combinations, viz.: (i) effect of a grass dynamics
covariate, for example grass height of a given major diet
species on its own selection, similarly, (ii) the collective
effect of the same covariate i.e., grass height belonging
to (i) the other four major diets species and (iii) also
the rest 17 minor diet species during wet season and
25 species during dry season on the selection of a given
major diet.

Influence of covariate on principal diet selection
(Multivariate analysis - REVS)

To identify the covariates influencing the selection
of individual principal diet species by the Blackbuck,
regression with empirical variable selection (hereafter
REVS) was employed using LEAPS package in R Library,
in R Software Version 3.3.3 (R Core Team 2019; lhaka
& Gentleman 1993). This method employs all subsets
in regression to quantify empirical support for every
covariate. To quantify and assign empirical support to
the simultaneous effects of each covariate belonging to
climate, habitat and grass dynamics, the REVS analysis
branch and bound all subsets regression technique.
Further, the REVS analysis can handle collinearity
(Goodenough et al. 2012), therefore we did not test
our data for collinearity. These criteria allowed the
REVS approach to be the better approach than multiple
stepwise regression. Initially, we incorporate the data
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Table 1. Details of covariates belonging to environmental, habitat, and grass dynamics assessed to identify their influence on diet selection by

Blackbuck at Point Calimere.

Covariate Description
Climate
1 Ambient temperature (°C) ISVIite:sured using a generic digital thermometer-cum-hygrometer device (model: HT01) at each observation at the feeding
2 Humidity (Relative %) As described above.
3 Weather Recorded visually as cloudy or sunny weather at the start of each feeding site examination.
Habitat (m)
4 Distance to water Measured as the distance from a given quadrate to the water source using a rangefinder or obtained from land-use land-
cover map.
5 Distance to shade Measured as the distance from a given quadrat to the nearest canopy cover area using a rangefinder.
6 Distance to road Measured as the distance from a given quadrat location to the nearest road or obtained from land-use land-cover map.

Grass dynamics (%)

Grass height was measured using a measuring scale, from the ground level to the highest leaf blade bend, at five points

7 Grass height (cm
ght (cm) (one each at four corners and one at the center) of the quadrate.
8 Grass cover Assessed visually assuming 100% for the entire quadrat and estimating the proportion of area within a quadrat covered
by each grass.
9 Soft texture Examined crushing the leaves by hands, if leaf’s structure could be squashed into a ball- proportion of such leaves for a

given grass species in quadrat was rated in % rating.

10 Hard texture

Examined crushing the leaves by hands, if leaf’s structure could not be squashed into a ball- proportion of such leaves for
a given grass in quadrat was rated in % rating.

11 Green leaves )
leaves of the same species.

Assessed visually quantifying the proportion of leaves in a given species with green grass, assuming 100% for all the

12 Dry leaves of the same species.

Assessed visually quantifying the proportion of leaves in a given species with dry grass, assuming 100% for all the leaves

13 Reproductive phase

Evaluated visually quantifying the proportion of a given grass with flowers fruits and seed in % rating.

into R Program following the code of Goodenough et al.
(2012) and obtained the best regression model ranked
by AIC and subject it to interpretation and incorporate
into the results (Goodenough et al. 2012). The seven
grass dynamics covariates were fed into REVS in respect
to (i) a given major diet species, (ii) other four major
diet species (arriving a mean from the four species) and
(iii) the minor species (arriving a mean from them); in
21 columns (7 covariates x 3 different set of species, as
listed above = 21). Therefore, the effect of a set of given
covariates (for example grass height) belonging to a given
major diet, the rest four major diet species and all other
17 minor diet species during wet season or 25 minor
diet species during dry season, was tested against the
selection of given major diet. In addition, six covariates
belonging to climate and habitat were also included into
the REVS equation. The analysis was carried out for each
major five diet species season-wise separately.

RESULTS

Diet selection

During the two years of study, Blackbucks consumed
30 plant species, which include six browse and 24 grass
species (Supplementary Table 1). However, the number
of species and their proportion in the diet varied
seasonally (Table 2). For example, during wet season
Blackbucks were dependent on just 22 food plant species,
with C. compressus (>40%) and A. legopoides (<25%)
contributing more than two thirds of the wet season
diet. Contrarily, during the dry season, their dependency
on individual species decreased, more specifically on C.
compressus (11%), with the exception of A. legopoides
(29%) but relied on more varieties (n = 30). Two major
species, viz., A. legopoides (>35%) and C. compressus
(>20%) formed more than two-fourth of the available
fodder species of Blackbuck in the environment during
the wet season. However, the Blackbucks relied on later
species double the quantity that of former species.
During dry season, the later species availability reduced
considerably (<10%) and similarly the C. polystachyos,
resulting a marginal increase in the availability of A.
legopoides (>40%; Figure 2).
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Figure 2. Seasonal selection of five major diet species by Blackbucks and their availability in environment at Point Calimere Wildlife Sanctuary,

southern India.

Table 2. Seasonal variation in diet selection by Blackbuck at Point
Calimere.

Composition (%)
Mean + SE Mann-

Diet species Whitney p

Wet season Dry season u

(n=52938) | (n=49,384)
Aeluropus 24.4+8.12 29.4+8.28 8699.5 0.617
lagopoides
Bulbostylis 5.743.63 4.0+3.93 8629.0 0.306
barbata
Chloris barbata | 2.6+1.75 7.7+4.18 7376.0 0.001
Cyperus 42641255 | 11.0+4.79 4324.0 0.000
compressus
Cyperus 8.944.20 6.8£5.26 8107.0 0.024
polystachyos
Dactyloctenium |, 5, 5 15 11.6+4.26 7106.5 0.000
aegyptium
Other species 11.13+7.12 29.51+9.05 6416.5 0.000

Influence of covariates on diet selection

REVS analysis on the influence of 13 covariates
belonging to climate, habitat and grass dynamics
factors on the selection of the five major diet species
during wet season showed that in all the five major diet
species selection, only grass dynamics factors entered as
the key predictors. Further among the grass dynamics
covariates, cover of the same species in all the five major
species, and green leaves in four out of five major species
and soft-textured grass of minor diet species in three
out of five species appeared as the predictors during

wet season. Overall, during wet season, 26 covariates
entered as the significant predictors, explaining a mean
variation of 65% for the top five species selection,
minimum with three covariates explaining 44% of the
variations in D. aegyptium selection and maximum
seven covariates explaining 86% of the variations in C.
compressus (Table 3).

During dry season, like the wet season, though grass
dynamics covariates alone entered as the key predictors,
the grass cover and green leaves were influencing in
the selection of all the five major diet species, the hard
texture of the other four major species and 21 minor
diet species influenced significantly in four out of five
species. Note that the same covariate (hard-texture)
influenced only in one species during wet season. Unlike
the wet season, during dry season more covariates (33)
influenced a higher % of the selection (mean 75%) of
five major diet species, a minimum with five covariates
explaining 59% of the variations in A. lagopoides
selection and a maximum 89% of the variations in C.
polystachyos, but by five covariates (Table 4).

DISCUSSION

Our study based on a large sample size (1,02,322)
and duration (2 years) produces a comprehensive data
on dietary composition including its seasonality and
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Table 3. Regression with empirical variable selection (REVS) to assess the effect of climatic, habitat and grass dynamics covariates on the
selection of principal diet by Blackbuck during wet season at Point Calimere Wildlife Sanctuary.

:);;::;dent Predictor (covariate) Coefficient + SE t Pr(>]t]) f p AIC Adj:fted
(Intercept) -204.7 + 83.85 -2.44 0.015
Grass cover of A. lagopoides 2.6 £0.31 8.36 0.000
Grass height of A. lagopoides 0.3+0.07 4.68 0.000
Aeluropus Dry leaves of 17 minor species 0.5+0.29 1.63 0.000 28.4 0.000 1693 0.61
lagopoides
Soft texture of A. lagopoides 1.5+0.68 2.17 0.013
Green leaves of 17 minor species -0.2+0.08 -2.52 0.000
Grass cover of rest top four major species -0.6 £0.22 -2.49 0.013
(Intercept) 17.9 +43.87 0.40 0.683
Grass cover of B. barbata 2.9+0.27 -7.16 0.000
Hard texture of rest top major species 4.7+1.12 4.15 0.000
f:;’iizst;y lis Green leaves of B. barbata 384073 5.17 0.000 943 | 0000 | 1513 0.82
Hard texture of 17 minor species 1.6+0.32 5.19 0.000
Grass height of rest top four major species -0.4+0.17 2.30 0.022
Soft texture of 17 minor species -0.4+0.18 2.06 0.040
(Intercept) 2.2+9.01 0.25 0.802
Grass cover of C. compressus 1.9+0.66 2.93 0.003
Green leaves of C. compressus 9.7+4.88 -1.99 0.048
Cyperus Soft texture of C. compressus 11.6+4.81 241 0.017 129 0.000 1667 086
compressus Soft texture of 17 minor species -0.6+0.19 -3.56 0.000
Green leaves of 17 minor species -0.8+0.26 2.97 0.003
Dry leaves of 17 minor species 1.8+0.7 2.36 0.019
Dry leaves of rest top four major species 11.9+5.46 -2.19 0.029
(Intercept) -2.6+3.47 -0.73 0.462
Grass cover of C. polystachyos 2.4 £0.56 4.23 0.000
;z ’,’yi’t‘;schyos Green leaves of C. polystachyos 0.6+0.17 3.4 0.000 107 0.000 1532 0.54
Grass cover of rest top four major species -0.9+0.31 2.39 0.004
Green leaves of rest top four major species -0.5+0.22 2.38 0.018
(Intercept) 0.8+6.70 0.11 0.09
Dactylo'ctenium Grass cover of D. aegyptium 0.5+0.30 1.65 0.011 118 0.000 1584 0.44
gegyptium Green leaves of D. aegyptium 0.6+0.14 4.13 0.000
Soft texture of 17 minor species -0.2+0.13 2.08 0.039

associated covariates influence on the selection of major
diet species by Blackbuck at Point Calimere, southern
India. Overall Blackbucks diet consists of 30 plants,
with richness of diet species being more during dry (n
= 30) compared to wet season (n = 22). The diet species
richness recorded in the present study is double that
of Baskaran et al. (2016) (n = 14), which was restricted
to only seven months (January -June and December).
During the wet season, both grass availability and
quality (crude protein and digestibility) are generally
higher and thus ungulates find more nutritive and

palatable grasses everywhere. In contrast, during dry
season owing to unfavorable conditions particularly
with severe dryness, both above-ground productivity
or biomass and palatability of grass drop (Murray 1995;
Jhala, 1997; Pradhan et al. 2008; Jhala & Iswaran 2016),
leading to herbivores dependence on a wide spectrum
of plants unlike wet season. These findings go in support
of earlier studies on other herbivores in India (Four-
horned Antelope: Kunwar et al. 2016; Asian Elephant:
Baskaran et al. 2010). The inadequate quantity and
quality during dry season, especially the principal diet,
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Table 4. Regression with empirical variable selection (REVS) to assess the effect of climatic, habitat and grass dynamics covariates on the
selection of principal diet by Blackbuck during dry season at Point Calimere Wildlife Sanctuary.

?:::::;dem Predictor (covariate) Coefficient + SE t Pr(>]t]) f p AIC Adj:ited
(Intercept) -87.0 £ 24.01 -3.63 0.000
Grass cover of A. lagopoides 1.1+0.16 7.23 0.000
22/5;;%75; Soft texture of rest top four ma?or spec'ies -1.9+0.26 7.42 0.000 - 0.000 1568 059
Grass cover of rest top four major species -0.5+0.19 3.08 0.000
Green leaves of A. lagopoides 0.7+0.29 2.38 0.020
Dry leaves of 25 minor species 0.5+0.15 3.26 0.000
(Intercept) -38.1+16.80 -2.26 0.020
Grass cover of C. barbata 2.4+0.32 7.54 0.000
Soft texture of C. barbata 1.4+0.37 3.83 0.000
Green leaves of C. barbata 1.3+0.30 4.40 0.000
Chloris barbata 29.3 0.000 1594 0.64
Soft texture of rest top four major species -1.4+0.32 -4.55 0.000
Hard texture of 25 minor species 1.5+0.37 -4.10 0.000
Grass cover of 25 minor species -0.3+£0.13 2.97 0.000
Grass cover of rest top four major species -0.4 £0.02 2.10 0.040
(Intercept) 4.2+493 0.85 0.390
Grass cover of C. compressus 1.6+0.31 5.04 0.000
Soft texture of C. compressus 2.6+0.37 6.82 0.000
Green leaves of C. compressus 0.7+0.14 5.23 0.000
Cyperus Green leaves of rest top four major species -2.1+0.35 -6.03 0.000 06 0.000 159 0.8
compressus Dry leaves of rest top four major species 0.3+0.14 2.14 0.030
Grass cover of rest top four major species -0.8+0.23 -3.47 0.000
Hard texture of 25 minor species 0.2+0.09 -2.19 0.030
Hard texture of rest top four major species 0.2+0.09 2.11 0.040
Green leaves of 25 minor species -0.3+0.09 -3.05 0.000
(Intercept) -1.4+1.64 -0.86 0.390
Grass cover of C. polystachyos 60.3 +8.27 -7.29 0.000
Cyperus Green leaves of rest top four major species -1.2+0.13 -8.96 0.000
216 0.000 1369 0.89
polystachyos Green leaves of C. polystachyos 32.8+4.39 7.48 0.000
Green leaves of 25 minor species -63.5+8.49 -7.48 0.000
Hard texture of 25 minor species 93.7+12.67 7.40 0.000
(Intercept) 32.1+20.0 1.60 0.110
Grass cover of D. aegyptium 1.4+0.16 9.08 0.000
Hard texture of 25 minor species 0.1+0.05 -2.52 0.010
Dactylgctenium Hard texture of rest top four major species 0.3+0.10 3.39 0.000 6.8 0.000 1508 07
aegyptium Grass cover of rest top four major species -0.4+0.20 -2.02 0.040
Green leaves of D. aegyptium 0.2+0.12 2.27 0.020
Dry leaves of 25 minor species 0.7+0.16 4.79 0.000
Soft texture of rest top four major species -1.1+0.16 2.63 0.010

resulting a lower contribution of individual diet species
to the diet, perhaps force herbivore to rely on a more

diverse spectrum of food plants.

The higher consumption of C. compressus during wet

season, despite higher availability of A. lagopoides in
the environment indicate that Blackbucks are selective

feeder. Further, the C. compressus is found mostly in high

moisture area and its leaves are fleshy and succulent
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than A. lagopoides. Studies on nutrient composition of
grass species show that C. compressus constitutes more
moisture content (83%) and less crude protein (7.8%)
than A. lagopoides (moisture 60% and crude protein
9.07%) (Mohsenzadeh et al. 2006; Moinuddin et al.
2012 ; Nurjanah et al. 2016). The fleshy and succulent
quality leaves of C. compressus perhaps increases the
digestibility, palatability and would also meets the water
requirements. In addition, it could also be related to the
level of secondary component found in the diet species,
as herbivores are known to avoid plants with higher
secondary metabolites (Owen-Smith 2002; Weterings et
al. 2018).

Influence of covariates on principal diet section

The present study with empirical data on 13
covariates belonging to climate (n = 3), habitat (n=3) and
grass dynamics (n = 7) tested against the selection five
major diet species as the dependent factor using REVS.
The results revealed that grass cover and green leaves
of grass are the most appeared significant predictors in
the selection all five major food plants both during wet
and dry season. This followed by soft-texture of grass
in four out five major species both during wet and dry
seasons, dry leaves in two out of five species during wet
and three out of five during dry season and hard texture
of grass in one out of five during wet season and four out
of five during dry season and grass height in two out of
five species during wet season. Among the six significant
predictors, the grass cover and height covariates are
associated to quantity and the rest four predictors viz.
green leaves, dry leaves, soft-texture and hard-texture
of grass are the covariates associate with digestibility
and palatability, which indicate quality.

Soft-textured green grass owing to lower fiber and
cellulose content and higher protein content is more
appetizing and easily digestible than dried and hard-
textured grass, which is higher in fiber, cellulose, and low
in protein (Sukumar 1989; Sivaganesan 1991; Jhala 1997;
Klaus-Higi et al. 1999; Jhala & Iswaran 2016). Therefore,
green leaves and soft-texture act as indicators of higher
palatability and nutrient level compared to dry-leaves
and hard-texture. Thus, the higher level of former two
covariates (i.e., green leaves and soft-texture) in each
major diet positively influenced its selection, while their
higher level in other four major diets or minor species
(17 and 20 during wet and dry season, respectively),
negatively influenced the selection of a given major
diet. Further, plant species during reproductive phase
contains more secondary metabolites (Hartmann
2004) and high fiber, and cellulose and low protein

Sathishkwmar et al.

content (Sukumar 1989; Jhala 1997). Thus, the negative
influence of hard-textured dry grass could be to avoid
secondary metabolite and higher fiber, and cellulose,
and low protein as reported elsewhere in Blackbuck
(Jhala 1997; Jhala & Iswaran 2016) on other antelope
(Bongo Tragelaphus eurycerus Klaus-Hugi et al. 1999),
ungulates (Owen-Smith 2002), and Asian Elephants
(Sukumar 1989; Sivaganesan 1991). Our findings go in
support of earlier studies on Blackbuck that reports
that Blackbucks in Velavadar National Park, northern
India, depended on high quantity and quality (crude
protein 11%) food during monsoon and early winter
(7%) coinciding with period of grass growth. But after
seeding, the grasses lose nutritive quality rapidly during
late winter and in summer seasons, when Blackbucks
experience nutritional bottlenecks as their diet become
less digestible and with low protein content (Jhala &
Iswaran 2016). The selection of soft-textured green grass
by Blackbuck reported in this study is a quantitative
assessment. Similar observations were also made on
other antelopes (Four-horned Antelope: Kunwar et
al. 2016, Oli et al. 2018; Thomson’s Gazelle: Talbot
&Talbot 1962; Sable Antelope: Le Roux 2010, Duncan
1975), ungulates (Lowland Tapir: Prado 2013; Sheep &
Goat: Bartolome et al. 1995; Impala & Blue wildebeest:
Treydte et al. 2011), and Roe deer (De Jong et al. 1995).
Further, the grass height although entered as one of
the predictors, its influence only during the wet season,
where grass growth is not limited, and only in two out
of the five major diet species, which indicate the species
can withstand or dependence on shortgrass. This finding
goes in support of the earlier findings that Blackbuck
is a selective feeder and adapted to feed on shortgrass
(Prater 1965), which is predominantly available in open
habitats (Baskaran et al. 2020).

Further, as reported by Jhala & Iswaran (2016),
during summer though the protein content of the
Blackbucks’ diet drops significantly (>4%), well below
the maintenance requirement for ruminants, which is
between 5.5-9 % (Robbins 1983), with negative protein
balance (as they lose more protein via feces than they can
obtain from the forage during summer) and a significant
drop in dry mater digestibility (from a high of 76.5%
during the monsoon to a low of 32% during summers),
their ability to catabolize proteins with reduced forage-
intake and movement during summer ensure them to
survive on seasonally low-quality diets and live as a
primary grazer. Such adaptation could be a trade-off
strategy perhaps Blackbuck uses to fulfill it requirements
within a single habitat, mostly of open shortgrass land,
unlike wide-ranging species that overcome by moving to
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other optimal habitats. Overall, as covariates associated
to both quantity and quality entered as the predictors
of the principal diet selection, the study points out in
addition to quantity, quality also matters in the selection
of major diet species by Blackbuck.

Conclusion and management recommendation

Overall, the study quantitatively assessing the
covariates belonging to climate, habitat and grass
dynamics and comparing them with the seasonal
diet composition of Blackbuck demonstrated that the
principal diet selection is determined not only by just
the quantity, but also quality in the form of soft-texture
green grass due to higher palatability, digestibility and
nutrients. The findings indicate the selective feeding
on palatable short-grass by Blackbucks. Thus, the need
for maintaining the grasslands habitats to support a
viable population of Blackbuck and wild ungulates. The
Blackbuck being the flagship species of the sanctuary,
managing grassland habitat free of invasive species
like feral-horse, an effective competitor of Blackbuck
(Baskaran et al. 2016, 2020; Arandhara et al. 2020) and
Prosopis juliflora, an alien invasive affecting grassland
habitat (Baskaran et al. 2020; Arandhara et al. 2021),
would benefit the conservation of Blackbuck population.
Further, we suggest, the need for future focus on the
influence of nutritional composition in diet species
selection by Blackbuck.

REFERENCES

Ahrestani, F.S. & M. Sankaran (2016). Introduction: The large
herbivores of South and Southeast Asia—A prominent but neglected
guild, pp. 1-13. In: The Ecology of Large Herbivores in South and
Southeast Asia Springer, Dordrecht.

Ali, R. (2005). Field studies for the conservation and management
of point Calimere Complex. Foundation for Ecological Research,
Advocacy and Learning. A Report for the Tamil Nadu Forest
Department, 40 pp.

Arandhara, S., S. Sathishkumar & N. Baskaran (2020). Modelling
the effect of covariates on the detectability and density of native
Blackbucks and invasive feral-horse using multiple covariate
distance sampling at Point Calimere Wildlife Sanctuary, southern
India. Mammalian Biology 100: 173-186

Arandhara, S., S. Sathishkumar, S. Gupta & N. Baskaran (2021).
Influence of invasive Prosopis juliflora on the distribution and
ecology of native Blackbuck in protected areas of Tamil Nadu, India.
European Journal of Wildlife Research 67(3): 1-16.

Bartolome, J., J. Franch, M. Gutman & N.A.G. Seligman (1995).
Physical factors that influence fecal analysis estimates of herbivore
diets. Rangeland Ecology & Management/Journal of Range
Management Archives 48(3): 267-270.

Baskaran, N., S. Arandhara & S. Sathishkumar (2020). Project
competition technical report submitted to DST-SERB Delhi, 52 pp.
Baskaran, N., M. Balasubramanian, S. Swaminathan & A.A. Desai
(2010). Feeding ecology of the Asian elephant Elephas maximus
Linnaeus in the Nilgiri Biosphere Reserve, southern India. Journal of

Sathishkwmar et al.

the Bombay Natural History Society 107(1): 3.

Baskaran, N., R. Kanakasabai & A.A. Desai (2018). Ranging and
Spacing Behaviour of Asian Elephant (Elephas maximus Linnaeus)
in the Tropical Forests of Southern India, pp. 292-315. In:
Sivaperuman, C., K. Venkataraman (eds.). Indian Hotspots. Springer,
Singapore, 397 pp.

Baskaran, N., K. Ramkumaran & G. Karthikeyan (2016). Spatial and
dietary overlap between Blackbuck (Antilope cervicapra) and
feral horse (Equus caballus) at Point Calimere Wildlife Sanctuary,
Southern India: Competition between native versus introduced
species. Mammalian Biology 81(3): 295-302.

Bee, J.N., A.J. Tanentzap & W.G. Lee (2011). Influence of foliar traits
on forage selection by introduced red deer in New Zealand. Basic
and Applied Ecology 12(1): 56-63. https://doi.org/10.1016/j.
baae.2010.09.010

Bell, S.S., E.D. McCoy & H.R. Mushinsky (eds.) (2012). Habitat
structure: the physical arrangement of objects in space (Vol. 8).
Springer Science & Business Media, Dordrecht, 438 pp.

Belovsky, G.E. (1997). Optimal foraging and community structure: the
allometry of herbivore food selection and competition. Evolutionary
Ecology 11(6): 641-672.

Bronson, F.H. (1989). Mammalian Reproductive Biology. University of
Chicago Press, 336 pp.

Buechner, H.K. (1950). Life history, ecology, and range use of the
pronghorn antelope in Trans-Pecos Texas. American Midland
Naturalist 257-354.

Chattopadhyay, B. & T. Bhattacharya (1986). Basic diurnal activity
pattern of Blackbuck, Antilope cervicapra Linn. of Ballavpur Wildlife
Sanctuary, West Bengal and its seasonal variation. Journal of the
Bombay Natural History Society 83(3): 553-561.

Dailey, TV., N.T. Hobbs & T.N. Woodard (1984). Experimental
comparisons of diet selection by mountain goats and mountain
sheep in Colorado. The Journal of Wildlife Management 48(3): 799—
806. https://doi.org/10.2307/3801426

Danell, K. & L. Ericson (1986). Foraging by moose on two species of
birch when these occur in different proportions. Ecography 9(1):
79-84.

Das, M., A. Ganguly & P. Haldar (2012). Effect of food plants on
nutritional ecology of two acridids (Orthoptera: Acrididae) to
provide alternative protein supplement for poultry. Turkish Journal
of Zoology 36(5): 699-718.

De Jong, C.B., R.M.A. Gill, S.E. Van Wieren & F.W.E. Burlton (1995).
Diet selection in Kielder Forest by roe deer Capreolus capreolus in
relation to plant cover. Forest Ecology and Management 79: 91-97.

Duncan P. (1975). Topi and their energy supply. PhD Thesis, University
of Nairobi.

Forsyth, D.M., S.J. Richardson & K. Menchenton (2005). Foliar fibre
predicts diet selection by invasive red deer Cervus elaphus scoticus
in a temperate New Zealand Forest. Functional Ecology 19(3): 495—
504.

Frank, S.J.D., G.V. Gopi, K. Sankar & S.A. Hussain (2021). Dry season
resource selection among sympatric ungulates in a tropical coastal
landscape: implications for conservation and management. Tropical
Ecology 62(3): 418-426.

Garg, A. K., A. Sahoo, B.M. Arora & N.N. Pathak (2002). Utilization of
cereal green fodder in blackbuck and different species of deer under
semi-captivity. Animal Nutrition and Feed Technology 2: 75-81.

Ghosh, P.K., Z.P. Goyal & H.C. Bohra (1987). Selective consumption of
food resources by wild and domestic ungulates in Indian Deserts.
Problems of Desert Development 6: 42—48.

Goodenough, A.E., A.G. Hart & R. Stafford (2012). Regression with
empirical variable selection: description of a new method and
application to ecological datasets. PLoS One 7(3): e34338.

Goyal, S.P., H.C. Bohra, P.K. Ghosh & 1. Prakash (1988). Role of Prosopis
cineraria pods in the diet of two Indian desert antelopes. Journal of
Arid Environments 14(3): 285-290.

Hahn, H.C. (1945). The white-tailed deer in the Edwards Plateau region
of Texas. Texas Game, Fish and Oyster Comission, Austin, Texas, 52
pp.

Jowrnal of Threatened Taxa | www.threatenedtaxa.org | 26 March 2023 | 15(3): 2279122202




Determinants of diet selection by Antilope cenvicapra at Point Calimere

Hartmann, T. (2004). Plant-derived secondary metabolites as defensive
chemicals in herbivorous insects: a case study in chemical ecology.
Planta 219(1): 1-4. https://doi.org/10.1007/500425-004-1249-y.

Henke, S.E., S. Demarais & J.A. Pfister (1988). Digestive capacity and
diets of white-tailed deer and exotic ruminants. The Journal of
Wildlife Management 52: 595-598.

Hummel, J., S. Hammer, C. Hammer, J. Ruf, M. Lechenne & M. Clauss
(2015). Solute and particle retention in a small grazing antelope,
the Blackbuck (Antilope cervicapra). Comparative Biochemistry and
Physiology Part A: Molecular & Integrative Physiology 182: 22-26.

lhaka, R., & R. Gentleman (1993). The R Project for Statistical
Computing. URL http://www. r-project. org.

Jagdish, P., (2011). Tamil Nadu Forest Department Management Plan
for Point Calimere Wildlife Sanctuary (1.4.2012 to 31.3.2017).

Jhala, Y.V. & K. Isvaran (2016). Behavioural ecology of a grassland
antelope, the Blackbuck Antilope cervicapra: linking habitat,
ecology and behaviour, pp. 151-176. In: Ahrestani, F. & M. Sankaran
(eds.). The Ecology of Large Herbivores in South and Southeast Asia.
Ecological Studies, vol 225. Springer, Dordrecht.

Jhala, Y.V. (1997). Seasonal effects on the nutritional ecology of
Blackbuck Antelope cervicapra. Journal of Applied Ecology 34(6):
1348-1358.

Klaus-Hiigi, C., G. Klaus, B. Schmid & B. Kénig (1999). Feeding ecology
of a large social antelope in the rainforest. Oecologia 119(1): 81-90.

Kunwar, A., R. Gaire, K.P. Pokharel, S. Baral & T. Thapa (2016). Diet
of the Four-horned Antelope Tetracerus quadricornis (De Blainville,
1816) in the Churia Hills of Nepal. Journal of Threatened Taxa 8(5):
8745-8755. https://doi.org/10.11609/jott.1818.8.5.8745-8755

Le Roux, E., N. Owen-Smith & R. Grant (2010). Habitat and forage
dependency of sable antelope (Hippotragus niger) in the Pretorius
Kop region of the Kruger National Park. Doctoral dissertation,
University of the Witwatersrand, 176 pp.

Long, J.L. (2003). Introduced Mammals of the World: Their History,
Distribution, and Influence. CSIRO Publishing, Collingwood, Victoria,
Australia, and CABI Publishing, Wallingford, United Kingdom, xxi +
589 pp.

Lovaas, A.L. (1958). Mule deer food habits and range use, Little Belt
Mountains, Montana. Journal of Wildlife and Management 22(3):
275-283.

Mohsenzadeh, S., M.A. Malboobi, K. Razavi & S. Farrahi-Aschtiani
(2006). Physiological and molecular responses of Aeluropus
lagopoides (Poaceae) to water deficit. Environmental and
Experimental Botany 56(3): 314—-322.

Moinuddin, M., S. Gulzar, M.Z. Ahmed, B. Gul, H.W, Koyro & M.A.
Khan (2012). Excreting and non-excreting grasses exhibit different
salt resistance strategies. AoB Plants 6(2014): plu038. https://doi.
org/10.1093/aobpla/plu038

Murray, M.G. (1995). Specific Nutrient Requirements and Migration
of Wildebeest, pp 231-256. In: Sinclair, A.R.E. & P. Arcese (eds.).
Serengeti Il: Dynamics, Management, and Conservation of an
Ecosystem. University of Chicago Press, Chicago, 673 pp.

Newman, J.A., A.J. Parsons, J.H. Thornley, P.D. Penning & J.R. Krebs
(1995). Optimal diet selection by a generalist grazing herbivore.
Functional Ecology 9(2): 255-268.

Newmaster, S.G., I.D. Thompson, R.A. Steeves, A.R. Rodgers,
A.J Fazekas, J.R. Maloles, R.T. McMullin & J.M. Fryxell (2013).
Examination of two new technologies to assess the diet of woodland
caribou: video recorders attached to collars and DNA barcoding.
Canadian Journal of Forest Research 43(10): 897-900.

Nurjanah, N., A.M. Jacoeb, T. Hidayat, S. Hazar & R. Nugraha (2016).
Antioxidant activity, total phenol content, and bioactive components
of lindur leave (Bruguierra gymnorrhiza). American Journal of Food
Science and Health 2(4): 65-70.

Oli, C.B., S. Panthi, N. Subedi, G. Ale, G. Pant, G. Khanal & S. Bhattarai
(2018). Dry season diet composition of four-horned antelope
Tetracerus quadricornis in tropical dry deciduous forests, Nepal.
Peer J 6:€5102. https://doi.org/10.7717/peerj.5102

Owen-Smith, N. (1979). Assessing the foraging effeciency of a large
herbivore, the kudu. South African Journal of Wildlife Research

Sathishkwmar et al.

9(3):102-110.

Owen-Smith, R.N. (2002). Adaptive herbivore ecology: from resources
to populations in variable environments. Cambridge University
Press, i=xvi + 374 pp

Pathak, H., J.S. Kushwaha & M.C. Jain (1992). Eyahiation of manurial
value of Biogas spent slurry composted with dry mango leaves,
wheat straw and rock phosphate on wheat crop. Journal of the
Indian Society of Soil Science 40(4): 753-757.

Pekins, P.J., K.S. Smith & W.W. Mautz (1998). The energy cost of
gestation in white-tailed deer. Canadian Journal of Zoology 76(6):
1091-1097.

Prache, S., I.J. Gordon & A.J. Rook (1998). Foraging behaviour and diet
selection in domestic herbivores. Annales de zootechnie 47(5-6):
335-345.

Prache, S., C. Roguet & M. Petit (1998a). How degree of selectivity
modifies foraging behaviour of dry ewes on reproductive compared
to vegetative sward structure. Applied Animal Behaviour Science
57(1-2): 91-108.

Pradhan, N.M., P. Wegge, S.R. Moe & A.K. Shrestha (2008). Feeding
ecology of two endangered sympatric megaherbivores: Asian
Elephant Elephas maximus and Greater One-horned Rhinoceros
Rhinoceros unicornis in lowland Nepal. Wildlife Biology 14(1): 147—
154.

Prado, H.M. (2013). Feeding ecology of five Neotropical ungulates: a
critical review. Oecologia Australis 17(4): 459-473.

Prasad, N.S. (1989). Territoriality in Indian Blackbuck, Antilope
cervicapra (Linnaeus). Journal of the Bombay Natural History
Society 86(2): 187-193.

Prater, S.H. (1965). The Book of Indian Animals (Vol. 2). Bombay
Natural History Society. Oxford Press, Mumbai, 348 pp

Ramasubramaniyan, S. (2012). Management plan for Point Calimere
Wildlife Sanctuary, Tamil Nadu Forest Department, 189pp.

Ranjitsinh, M.K. (1989). The Indian Blackbuck. Natraj, Dehradun, India,
156 pp.

Renecker, L.A. & R.J. Hudson (2007). Reproduction, Natality, and
Growth. In: Franzmann, AW. & C.C. Schwartz (eds.). Ecology and
Management of the North American Moose. Smithsonian Institution
Press, Washington, D.C., 733 pp.

Robbins, C.T. (1983). Wildlife Feeding and Nutrition. Academic, San
Diego, California, USA, 343 pp.

Robbins, M.M. (1999). Male mating patterns in wild multimale
mountain gorilla groups. Animal Behaviour 57(5): 1013-1020.

Sadleir, R. (1969). The Ecology of Reproduction in Wild and Domestic
Mammals. Methuen, London, United Kingdom, 321 pp.

Schaller, G.B. (1967). The Deer and the Tiger: A Study of Wildlife in
India. University of Chicago Press, Chicago, 370 pp.

Schmidt-Nielsen, K. (1997). Animal Physiology: Adaptation and
Environment. Cambridge University Press, 617 pp

Shrestha, R. & P. Wegge (2006). Determining the composition of
herbivore diets in the trans-Himalayan rangelands: a comparison of
field methods. Rangeland Ecology & Management 59(5): 512-518.

Sinclair, A.R.E. (1977). The African Buffalo: A Study of Resource
Limitation of Populations. University of Chicago Press, Chicago, xii
+ 355 pp.

Sinclair, A.R.E., S.A. Mduma & P. Arcese (2000). What determines
phenology and synchrony of ungulate breeding in Serengeti?
Ecology 81(8): 2100-2111.

Sivaganesan, N. (1991). Ecology and conservation of elephants with
special reference to habitat utilization in Mudumalai Wildlife
Sanctuary, Tamil Nadu, South India. Doctoral dissertation, Ph.D.
Thesis, Bharathidasan University, Tiruchirappalli

Solanki, G.S. & R.M. Naik (1998). Grazing interactions between wild
and domestic herbivores. Small Ruminant Research 27(3): 231-235.

Sukumar, R. (1989). Ecology of the Asian Elephant in southern India.
I. Movement and habitat utilization patterns. Journal of Tropical
Ecology 5(1): 1-18.

Talbot, L.M. & M.H. Talbot (1962). Food preferences of some East
African wild ungulates. East African Agricultural and Forestry
Journal 27(3): 131-138.

Jowrnal of Threatened Taxa | www.threatenedtaxa.org | 26 March 2023 | 15(3): 2279122202




Determinants of diet selection by Antilope cervicapra at Point Calimere

Sathishkwmar et al.

Supplementary Table 1. Season-wise percentage contribution of various food plants to the diet of Blackbuck and in the environment at Point
Calimere Wildlife Sanctuary.

Wet season Dry season
Food plant species (Grass/Browse) % cover + SE in % consumption + SE in % cover + SE in % cc.)nsump.tion *
environment the diet of Blackbuck environment SEin the diet of
Blackbuck
1 Acacia nilotica (B) 0.0+0.00 0.3+1.19 0.6+0.32 0.1+0.01
2 Aeluropus lagopoides (G) 36.9+2.15 24.4 + 8,12 Second 45.1+2.42 29.4 + 8.28 First
3 Aristida adscensionis (G) 0.8+ 0.66 0.0+ 0.00 1.7+0.74 0.5+0.16
4 Brachiaria ramosa (G) 2.5+0.67 0.0+ 0.00 0.2+0.13 0.1+0.04
5 Bulbostylis barbata (G) 2.5+0.67 5.7 £3.63 fourth 3.2+0.62 4.0+3.93
6 Canthium parviflorum (B) 0.3+0.17 0.4+1.19 0.4+0.20 0.2+0.40
7 Cenchrus ciliaris (G) 0.3+0.17 1.6+1.68 0.6+0.25 1.4+251
8 Chloris barbata (G) 3.9+0.78 26+1.75 5.9+0.82 7.7 £4.18 Fourth
9 Chrysopogon aciculatus (G) 2.0+£0.32 0.6+2.01 0.5+0.22 0.5+1.15
10 Commelina benghalensis (B) 0.2+0.13 1.2+2.20 0.1+0.12 0.6+1.89
11 Cyanotis axillaris (B) 0.6 +0.20 0.0 +0.00 0.6 +0.16 1.2+1.48
12 Cynodon dactylon (G) 0.0+ 0.00 0.0+0.00 0.2+0.11 0.2+0.33
13 Cyperus compressus (G) 23.2+1.60 42.6 + 12,55 Firt 7.7+1.03 11.0 + 4,79 ™ird
14 Cyperus polystachyos (G) 5.2+0.80 8.9 + 4,20 ™ird 1.8+0.50 6.8 +5.26 Fifth
15 Cyrtococum trigonum (G) 0.0+0.00 3.3+3.11 0.3+0.15 0.4+0.73
16 Dactyloctenium aegyptium (G) 8.6+1.19 4.7 +2.15 Firh 9.5+1.13 11.6 £ 4.26 Secord
17 Desmodium triflorum (B) 6.3+0.52 0.3+0.67 4.7+0.70 5.2+3.75
18 Dichanthium annulatum (G) 0.2+0.15 0.0£0.16 1.5+0.44 1.7+2.19
19 Digitaria longiflora (G) 0.1+0.07 0.2+0.58 0.6+0.18 0.5+0.60
20 Eriochloa procera (G) 0.1+0.05 1.2+1.27 0.7+0.22 0.7+0.76
21 Fimbristylis cymosa (G) 5.7 +0.60 0.1+0.32 8.1+1.02 5.8+3.33
22 Fimbristylis ovata (G) 0.3+0.20 0.0+ 0.00 0.4+0.20 1.8+2.78
23 Hemarthria compressa (G) 0.0+ 0.00 0.0+ 0.00 0.1+0.04 0.0 £0.00
24 Heteropogon contortus (G) 0.0+ 0.00 0.8+1.64 0.2+0.08 0.0+0.12
25 Kyllinga nemoralis (G) 1.2+0.35 0.2+0.56 3.6 £0.62 6.2+3.67
26 Paspalum paspaloides (G) 0.0+ 0.03 0.8+1.41 0.1+0.05 0.3+0.62
27 Pedalium murex (B) 0.0 £0.04 0.8+1.42 0.1+0.06 0.2+0.63
28 Perotis indica (G) 1.4+0.28 0.0 +0.00 29+0.35 1.6+1.58
29 Trachys muricata (G) 0.0+0.00 0.2+0.58 0.1+0.06 0.1+£0.30
30 Urochloa maxima (G) 0.2+0.14 0.0+ 0.00 0.2+0.08 0.4+0.74
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distribution record for West Bengal, India
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