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ABSTRACT

Winter habitat selection by two sympatric species chital and nilgai was studied in the semi-arid environment from
January 2006 for four months. Pellet group count was used to study the degree of habitat segregation at spatial
scale. A total of 2042 pellet groups of chital and 255 pellet groups of nilgai were recorded at 100 sampling points
laid randomly across five different habitat types. Chi squared analysis and resource selection indices revealed that
both species utilized different habitat categories differentially thereby giving a pattern of selectivity amongst
resource states. Chital utilized, more than its availability, woodland habitat with high shrub density and diversity
and sparsely available grass and herb cover which formed under storey during winter. Nilgai, on the other hand,
showed utilization, more than availability in dense to discontinuous thickets with high tree density and shrub cover
to browse. Chital showed a wider niche breadth (0.911) in comparison to nilgai (0.766) with an overall niche
overlap of 0.762. The segregation between the two species during winter was hypothesized to be low with high
overlap at the spatial scale. It was found that there is high potential for competition between the two species, and
the presence of one species may negatively influence the distributional pattern of the other.

Key words: Chital, habitat segregation, niche overlap, njlgssource selection.

INTRODUCTION

The term habitat refers to an area that meets anadia basic life requisites such as food, watewer and space
[1]. A number of interdependent variables play t&lwiole in the formation of a particular habitéiccording to
Norman et al. [2], an animal occupies or utilizes a habitat dshon the spatio-temporal variation of such
interdependent habitat variables. Most of the Wédhabitats are shared by more than one specieficdfingulates.
Wild ungulates, coexisting in the same habitat, itskfferentially with reference to resource, spand time as a
result of resource competition or overlap [3, 4, Hje abundance of animals and distribution ofrtpepulations
vary in space and time, often with availability tbE environmental components necessary for the[8ifeEven
among two species using the same habitat, thereéstain degree of temporal or dietary separafiemporal and
spatial separation in the habitat utilization hasrbreported for most wild ungulates species imlfid 8, 9, 10, 11,
12] and elsewhere [3, 13, 14, 15, 16]. Habitalization and selection and thus, partitioning o$aerce(s) or
utilization pattern, has often been described esmaplex multi-dimensional, multi-scaled process, [18] which is
rarely a random phenomenon [19, 20]. Although, cetitipn is generally believed to be a central loidactor
structuring herbivore communities [21, 22] othectéms may also influence the use of habitat by ikerbs:
weather conditions and predators [19] and the fqaply [23, 24].

At the study site natural predation is negligibéetlaere is no large carnivore but occasionally @olgckal Canis

aureus) and feral dogs do predate on chital [25]. We gaclion the role of interspecific competition in itetb
selection by chital and nilgai particularly in wéntwhen available resources further shrink to sgar@e then
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assessed the niches of the two species and thiap\wbere in different habitat states. We hypotrebithat both
species utilize the different habitat patches unifg.

MATERIALS AND METHODS

The World Heritage as well as Ramsar site KeolaNational Park (hereafter KNP) (27°7%87°12.2N and
77°29.83-77°33.2E) was created over 250 years ago and was initiahatural depression. It is a 29 %malled
preserve, divided into 15 management blocks anbsoded by about 14 villages. Thick alluvium dontésathe
park and scattered saline patches are also presgatially in the drier areas. The temperatureesdrom 0.5 °C to
50 °C, the minimum being in January and the maximaonMay-June. Rainfall occurs through the southtwes
monsoon, mainly during July—August with an averegjefall in the area for the past 100 years beit§ im. The
KNP is rich in its fauna and flora. It has morertt860 species of birds, 27 mammals, 13 reptilesn@hibians, 40
fish 16-18 and 375 species of angiosperms, of wBitlare wetland species [26]. The vegetation ofafea is a
mixture of xeric and semi-xeric species explicitlgscribed by Prasagt al. [27]. The ungulate fauna comprise
sambar Rusa unicolor), nilgai Boselaphus tragocamelus), chital Cervus axis) and wild pig 8us scrofa). Although,
the National Park consists these four species glllates but data for sambar and wild boar was sodd enough
for analysis.

The area available was estimated by grid approximsitof the map of the study area and the oveegletation was
categorized into five major habitat types (exclgdihe wetland ~13.8% of the total park arg&) - dense to
discontinuous thorn thickets (DDTT ~13.8%) mainlgpresented byAcacia nilotica, Zyziphus mauritiana,
Prosopis cineraria and P. juliflora, open low grassland (OLGR ~20.7%) representedChyodon dactylon,
Soorobolus sp., Dichanthium annulatum, Eragrotis sp. etc., woodland (WDLN ~10.3%) chiefly comprisinigntax
stage species such dfitragyna parvifolia, A. nilotica and Z. mauritiana scattered shrubs such Ksrgenalia
reticulata andCapparis separia are found in the ground vegetation, tall grassasaa (TGRS ~34.5%) representing
Vitiveria zizanoides and Desmostachya bipinnata and scrubland (SCRB ~6.9%) mostly wikh cineraria, C.
separia, K. reticulata and Salvadora persica interspersed biitragyna parvifolia andSchyzygium cumini.

The study was conducted from January through A@16 during which a total of 100 sampling pointgeviaid
randomly away from trails by pacing [28]. Each séngppoint consisted of two concentric circular slof radii 10
m and 5 m. The vegetation variables such as tregars were counted in the bigger plot. Percent mamover
was recorded at four random points in each of @mepding plots using a mirror of 25 cm x 25 cm daddinto 100
equal grids. Similarly, shrub species and their bera were quantified through the smaller plot. §haund cover
(grass, herb, litter or bare ground) was estimbatepoint intercept method [29] by laying a metéclstgraduated at
5 cm intervals, in four cardinal directions in thigger plot.

Species diversity of shrubs was calculated usiranBbn-Weiner species diversity index as:

H'=-> p xlog, p

where p= proportion of thdéth species in the sample. All quantitative dataesmeansformed to ensure that all the
habitat variables were distributed normally follogiFowler and Cohen [30] and Zar [31].

We counted faecal pellet groups in 5 m radius &rcplot sampling unit whickvas found optimum for the purpose
in the study area by Noet al. [32], pellet groups of different species werdatigntiated on the basis of shape and
size only fresh pellets were counted avoiding dégjrated old pellets.

Density of pellet groups was calculated for eaching point as:
Density (h&) = Number of pellet groups 10,000/Area of sampling unit (78.5m

We determined the habitat preference patterns efttfo species by comparing usage and availabMifren
resources are used disproportionately to theiralitity, use is said to be selective [33]. Theestibn of a habitat
was determined by estimating selection ratios fffei@nt habitat categories. The value of the d@acatio of the
habitat unit is proportional to the probability thiat unit being utilized by the study animal, givbat the selecting
animal has unrestricted access to the entire oligion of available units. This index was chosecase it does not
fluctuate with inclusion or exclusion of seldom-dsesources [34] and is considered more versdide bther
selection preferences indices [35]. The index Bebaon the selection ratwg, which is the proportional use divided
by the proportional availability of each resouregegoryi.
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W =0 /7

whereo; is the proportion of the observed use of resoimdeabitat category, z; is the proportion of the available
resource in categoiliy A w; value larger than 1 indicates a positive selectimrthe resource and a value less than 1
indicates avoidance of the resource. A value ardunddicates that the resource was used propothota its
availability and no resource selection was noticedbsequently, the standard error of each selectito was
calculated as

se(w) =4/0 (1-0) /U7
where U is the total number of observations ofinsal categories.

To statistically test for the significant deparsief use from availability, the log-likelihood ckiguared test}(f)
was calculated following Krebs [36] and Mamdyal. [34] as

X = 2_IZ [u log, (u /U )]

Wherey; is the used resource unit in categorgnd | is the total number of categories. If tm% statistic was

significant, the null hypothesis of equitable u$aesources was rejected. Subsequently, for eaohabaategory,
simultaneous Bonferroni-adjusted 10@(24 confidence intervals for habitat use were camséd as

W £Z,, sew)

al2l

Selectivity was considered when confidence limitleded 1. A habitat was preferred when the lowmitlivas > 1
and avoided if < 1.

Based on utilization proportions, Levins’ [37] nichreadth was calculated as
B=—7—
Ix2.9
i=1

whereB; represents the Levins’ measure of niche bredtis. maximum when the pellet-group density is simita
each habitat, and would be minimal if all pellebygps occur only in one habitat. Overlap in resourse was
assessed by Colwell-Futuyma proportional similantyex for niche overlap [38], calculated as

Ccn = Cnc = 1—12‘0|C _oin‘
293

whereC,, represents the proportional similarity of nichéwmsen €)hital and ()ilgai, O, andO;, are the utilization
proportionate of the two speciesand n, respectivelyjn resource state Values ofCg, range from 0 (no niche
overlap) to 1 (complete overlap).

Scholars Research Library



Athar Noor et al Euro J Zool Res,, 2013, 2 (2):1-9

RESULTS
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Figure 1: (a) Mean + SE of forest structure variabés in each habitat category, showing tree densithg™), and
percent canopy cover. (b) Mean + SE of shrub densitha™) and shrub diversity in each habitat type. (c)
Mean + SE of percentage variable cover in each haht type

Vegetation characteristics

Figure 1 summarises the physical structure andtaige composition of the habitat types. Tree dgndeclines
after the thicket stage due to thinning; scrub tetign being with highest density because of theciEs in their
early successional stages. Canopy closure occglesti in the dense to discontinuous thicket sthge percent
canopy cover is then more open in mature forestguf€ 1a). Thus, thermal cover is minimal in opeasglands,
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begins to increase in savannah and is greatesiidkets followed by scrub, but declines in matuands due to
reduced tree density and the high broken canopybStensity is minimal in the open grasslands dad getting
increased in tall grass savannah and reach to roaxim the mature woodlands with highest canopy opemhe
diversity in shrub species decreases slightly ftbenmaximum in the early successional stages abstr mature
forest stands of woodlands (Figure 1b). The grocomeer in woodland is sparse with herbs and grasatehed by
bare ground and litter, while scrubs and thicketsdt have grass or herb cover mainly due to tliresaature of
the soil (Figure 1c).

Habitat selection

A total of 2042 pellet groups of chital and 255Ig@iegroups of nilgai were observed in the wholalgtperiod while
assessing for the habitat use and selection paffabie 1 presents mean (+ SE) pellet group depsityhectare in
different habitat types of the study area.

Chital utilized habitat categories differentiallpcawas found to show preference for DDTT, WDLN &@dRB
habitat categories while utilizing less than tteiailability the TGRS and OLGR resource stat%% F1195.29, P
< 0.01) (Table 2). Significant difference was fouathongst preferred categories in utilization pattethen

compared pair wise: DDFWDLN and SCRBWDLN with )(2: 13.121, P < 0.01 ang\’zz 7.74, P < 0.01,

respectively. Thus, habitat category WDLN was tlesnpreferred by chital amongst the three categorie
Nilgai also showed differential use of habitat typpreferring DDTT and SCRB while utilizing WDLN in

proportion to its availability }}(f = 377.84, P < 0.01). Habitat categories TGRS ah&® were utilized less in
proportion to their availability (Table 2). DDTT wdound to be more preferred by nilgai in comparism SCRB

()(2= 8.15, P < 0.01). Both species utilized less, iiapprtion to their availability, the open habitasource
categories TGRS and OLGR (Table 2).

Table 1: Mean (+ S.E) pellet group density (hd) in different habitats of the KNP

Habitat Chital Nilgai
OLGR 3019.86 +514.88 254.77 + 061.93
TGRS 3133.76 +430.17 406.05 + 068.02
DDTT 2150.32 + 305.22 779.32 +203.44
SCRB 1695.86 + 348.81 327.57 + 056.20
WDLN 3539.58 + 408.81 486.39 + 136.14

Table 2: Estimated habitat use and selection for dtal and nilgai in KNP, India. w; estimated habitat selection
ratio; se(w;) standard error of selection ratio;w; (I) and w; (u) 95% lower and upper confidence limits,
respectively;s selection level (*** used more than expected thasipreference), (** used in proportion to
availability) and (* used less in proportion to avaability or avoidance).

Chital Nilgai
Habitat m Wi se(w) wi (1) wi (U) s Wi se(w) wi (1)
OLGR 0.24 0.825 0.037 0.730 0.920 * 0.363 0.073 174.
TGRS 0.40 0.753 0.025 0.688 0.818 * 0.500 0.0633D. 0.661
DDTT 0.16 1.294 0.056 1.149 1.438 ik 2.550 0.192 2.055
SCRB 0.08 1.300 0.084 1.083 1.517 ok 1.763 0.27D63 2.463
WDLN 0.12 1.583 0.072 1.397 1.769 ik 1.375 0.1%4876 1.874

Scholars Research Library



Athar Noor et al Euro J Zool Res,, 2013, 2 (2):1-9

Niche segregation

Chital showed maximum realized niche in habitatestBGRS and minimum in SCRB while nilgai represdnte
minimum realized niche in OLGR and maximum in DD{Fgure 2). Chital showed a wider niche width (A.pih
comparison to nilgai (0.766) representing a moreegaist behavior than nilgai. The overall nicheertap between
chital and nilgai was 0.762. Even though, theremsedifference in their respective niche breadtilganseems to
share or compete completely with chital as its @ibheadth and the overall overlap are similar.
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Figure 2: Realised niches of chital and nilgai in ifferent habitat states of the KNP. The cross hatotd part of
each state is the overlapped portion between chitaihd nilgai. Note that in DDTT and SCRB chital hadower
realised niche than nilgai.

DISCUSSION

The results have shown differential use of habipats/ing our hypothesis of selection between habygpes and
existence of ecological separation between chitdl @ilgai. Both chital and nilgai utilized more thane habitat
type representing low availability of good qualityage in a particular habitat resource duringwirger period.

The woodland habitat was found to be utilized nibe: expected by chital because of palatable datively good
availability and diversity of shrubs and other grduegetation. This has also been widely reported ¢hital
prefers flat terrains and valley habitats, freqimnecotones with high diversity of palatable grand herb species
and early to middle successional stages of vegetd89, 40, 41, 10jvhich was not found in the KNP as chital
utilized open and tall grasslands less than exgdetitie to non palatability, low diversity of the gsaand disturbance
due to high visitors’ influx during winters owing fts Ramsar Site status. Chital are known to f@eadnore than
160 species of plants [39, 42]. On the basis of pmophysiological ruminant feeding types, Hofmar3][
classified chital as an intermediate or mixed feedsile Rodgers [44] had categorized chital as megalist feeder,
with a diet consisting of grasses, forbs, and Isafavoody plants. In Sariska Tiger Reserve, whildlo has similar
semi-xeric and xeric conditions, chital was a grea® long as green grasses were available (moreadrpost-
monsoon seasons), but switched over to broadeargdispectrum comprising fallen leaves, flowers &wits in
winter when food availability became scarce [9hcgi the KNP has peculiar vegetation strata wheseetis no
continuity and all cover patches are discrete,ethae fair chances of chital being found all oveamedges or
between the patches. Small area of the KNP, absgfnary predator and relatively high densities [p&cluded
chital to confine itself in a specific patch. Chigpend a major portion of their life in foraginggsting, and
wandering within their ranges, with the extentladge activities determined by season [39] simddhé trend in the
KNP where winters lead chital to wander more irrcleaf food.

On the other hand, nilgai utilized woodland habitgite in accordance to its availability. It prefsdrthe dense to
discontinuous thickets and scrubland because ohings in between patches. Nilgai is reported touoda

relatively open areas [46], avoiding very denseests [47] and preferring scrublands with low treel ahrub
densities [8, 9, 10]. Since, there is a slightat#hce between utilization patterns of both theigge there is a fair
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possibility of competition between these two sp&ciehey coexist in the same habitat types as fdheis spatial

requirement is concerned and remain in close pnbxitn each other in those habitats, which thelizgtiless than
expected, for cover and all. Given the availabitifyother habitats nilgai did not use them promowitely because
of the competition and relatively low densities J[4fhich precluded it from dispersing in whole o&threa. Owing
to small area of the park they would tend to sl compete more as they would grow in numberscamss the

threshold of the carrying capacity of the park. fEhis no natural predation pressure as such baitdegs do attack
males, sub-adults and fawns (pers. observ.). Nyt tbis, there is intense competition from domeétiestock as

well but this has been paid no serious attentioit i@sdeemed well in case of vegetation dynamicthe park [25]

and some semi-arid areas elsewhere [48, 49].

Habitat selection processes are scale sensitijebf8B on spatial as well as temporal scales [3], Bhe limitation

of the present study was that it was conductechdusinter when it is generally contented that langebivores tend
to widen their niche widths in order to avoid cortiten in the low productive environments. Resousedection in
space and time also varies between seasons. Angotdi Boyce [51], different habitats might be stdecin

different years, and different resource selectamidrs might apply for different years.

An important caveat here is that habitat seleatioes not necessarily reflect quality of habitat, [53]. It describes
the time specific species distribution or the =i niche of the species, which results from coitipetwith
sympatric species, livestock, human disturbanceedation and several other biotic and abiotic factor

= | (@ 3 sk

g 0 Nilgai

(=] ] 1

D Clutal

:

w O Aresource
= SHife

= state

= | (b)

A,

Diet Selection

(d)

Figure 3: A hypothetical resource utilisation modekin context of the present study) with third and durth
levels of selection (Krausman 1999) comprising twmo-existing species, chital and nilgai. Dependingio
availability of a habitat state, both the species ay use the same habitat with no temporal isolatiofg) or with
temporal segregation (b), as far as spatial requiraents are concerned. At the next level of diet selion both
species may either utilize totally different setsfaesources with no overlap or utilize the same resirces with
some extent of overlap (c) or the species with lowriche breadth would be forced to have partial shee of the
resources being utilised by the more generalist spies irrespective of the temporal segregation (d).

Niche breadths suggest that both species have ajishdrabitat associations as far as spatial ssat®ncerned
however, nilgai shows fewer preferences than cleixaept in case of DDTT and SCRB where nilgai fedised
niches more than chital (Figure 2). This overlapréalised niches in each resource category doesepoésent
7
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competition for the same resources at further $icale of food material [50, 54] but representsgpbatial use and
co-existence of both species within each categdrgreby both are utilizing a given available reseurc habitat.
Since, we only studied the third order selectiofi [& the overall hierarchical selection phenomenea can expect
few possibilities overlaps in the realized nichéghee spatial and temporal scales at the finerllefeselection

(Figure 3). Temporal segregation may be involvedhat habitat selection level only when spatial seade

concerned but at the level of diet selection noesgagion is expected as co-existing species woellfbixed to have
competition so as to utilise the resources. Theispewith narrow niche width would tend to explmmaining

available resources from the generalist species.

Niche separation is actually the process of natseddction, which drives competing species intogiglifferent

food items, resources or habitats. High niche ayedften results from strong competition or repels yet the end
result of niche separation can be an observed d@seli@ competition or avoidance. Some species higth overlap

values should interact as competitors or intraegpiledators, while other species with low pair waserlap values
are nonetheless vulnerable to the effects of difftsmpetition [55]. In considering the relationsbigtween niche
overlap and competition, niche overlap should reotdken as a sufficient condition for competitiddany factors

may prevent or diminish competition between popoitest with similar resource utilization patterns.caoding to

Alley [56], typically opposing forces of intra-spBc and inter-specific competition need to be sitaoeously

considered, for it is the balance between themithiairge part determines niche boundaries.

CONCLUSION

The study shows almost uniform utilization amorajktesource states or the habitat types by thespezies even
though there is statistical difference in utilipatipatterns. This generalist behaviour and thusenireadths shown
by the two herbivores represent the potential ahpetition. In the restricted environment during tens the
animals are forced to have limited resources thag titilise almost all habitat types. This becommese crucial for
these two large herbivores as area of the parkrbesdoo small for them to forage.
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