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CHAPTER- 1 

INTRODUCTION 

The forests of the Peninsular India once harboured a rich 

fauna of lnain~nalian herbivores. This included the true Indian forms 

- - such as the spotted deer, the nilgai, the blackbuck and the fourhomed 

antelope and the Malayan forms such as the gaur, the sambar, the 

nluntjac and the elephant. Except the nilgai, the blackbuck and the 

- fourhorned antelope, which are open forest or country species, all 

others are inhabitants of dense forests. However the spotted deer 

prefers dry forests. 

The Western Ghats in South India, in contrast to the adjoining 

Deccan, had dense forest cover in the past. At several places the 

ghats forin extensi\.e, grassy downs and tablelands seeilled M it11 

densely forested gorges or sholas. The sholas with the surrounding 

grasslands provide ideal habitats for animals such as elephant, gaur 

and sambar, which share several food plants particularly grasses 

and herbs. 

Poaching and extensive removal of forests and grasslands 

for agriculture, plantations and various developmental activities have 

considerably reduced the number of the larger mammalian herbivores 

such as the elephant (Elephas 171axin?us), the gaur (Bos gaurus) and 

the sa~nbar (Cel.\v~rs zr~iicolor.). They are driven to isolated pockets 



on the hills, mostly in protected arcas. Since tliese three animals 

have almost si~nilar ecological requirements, the reduction in the 

habitat malr lead to competition among them. A study on the habitat 

utilization pattern of these three herbivores has been taken up in 

Pel-i~lar Tiger Reserve with a view to identifying their habitat 

requirements in different seasons. 

The objectives of the study was to gather adequate 

information on the distribution, behaviour, food habits and habitat 

utilization pattern of elephant, gaur and sainbar in Periyar Plateau 

and their responses to environmental changes taking place in the 

area in different seasons. Use of different types of vegetations, 

variation in herd size in different seasons, resource availability and ,- 

acti\-ity patterns in relation to time and other physical factors, 

; population structure.1 seasonal inovelnents and factors affecting 
T- 

movements such as fire, water level in the lake, cattle menace, tourisin 

and pilgrimage will also be studied. It is proposed to fill the gap in 

the existing infor~nation on these larger inaminals, which would be 

l~elpful for their management. 
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CHAPTER I1 

REVIEW OF LITERATURE 

The Asiatic elephant (Elepl7a.s i71aximu.s L.) has a wide 

distribution thl-oughout South and Southeast Asia extending to 

Sumatra and Borneo (Freeman 1980). Extensive studies on Afi-ican 

Elephant (Loxodoi~tcr c!fi-icann) have been done by Hanks (1969, 

1973b, 1979), Field ( 1  97 l ) ,  Douglas-Hamilton, (1973, 1987), Wyatt 

and Eltringhain (1 974), Douglas-Hamilton et. al., (1975), Leuthold 

( 1  976), Merz (1986), Dunhain (1986), Moss (1988) and Viljeon (1989) 

mainly described the size of home range of elephants in relation to 

environinental factors, vegetation, shape and spatial distribution and 

various ecological aspects. Vegetation changes induced by elephants 

were studied by Buchner et. al., ( 196 1) and damage in the vegetation 

colnposition b ~ .  Laws (1970), Anderson et, al., (1974), Field and 

Ross ( 1976). Bell et. al., (1984) and MC Shane (1987) studied the 

influence of fire on elephant ~novement. Bax Sheldrick (1  963), and 

Barnes (1 980, 1982), Willia~nson ( 1975), Guy (1 976), Bal-nes et, al., 

( 1983), have studied the food and feeding behavior of elephants. 

Several accounts on Asiatic elephants (Elephus muxinzz~~) 

ha\.e been published in India. Of these, the contributions of Sanderson 

( 1 878). Williams ( 1950) and Stl-ace!, ( 1963) have provided with useful 

information on the ecology and beha~iour of elephants in India. Based 

on detailed study in Sri Lanlta, a compr'ehensive account on Asian 



Elsphants has been published by Eisenbzrg et. al.. (197 1, 1972). 

Publications on elephants came up in subsequent years, however 

didn't add significantly to 111s sxisting information on the species, 

though Sukuinar ( 1985) has presented some details of man-elephant 

conflict especially the crop depredation by the species. 

The ecological studies on the Asian elephant carried out in 

Sri Lanka by Eisenbers and Lockhai-t (1 972), Muller-Doinbias (1 972), 

h4ckay ( 1973), Kui-t ( l974), Vacuylenberg (1 977), Olivier (1 978a, 

1978b), Ishwaran ( 1  983a, 1983b, 1984, 1993), Santiapillai et. al. 

( 1984, 1985), Santiapillai ( 1987) provided infoimation on the species 

from Sri Lanka. Khan (1967, 1980, 1985), Olivier (1978) and 

Santiapillai and Superhinan (1985) described soine ecological 

aspects of elephants ip Sumatra. In India, Krishnan ( 1972), Daniel 

( 1980), Sukuinar (1  985, 1986a, 1986b, 1989.1989a, 1989b), Suku~nar 

et. al., ( 1987, 1988), Daniel et. al., (1987), Easa (1 988, 1989), Desai 

(1991 ), Desai et .  al . .  (1987) ,  Sivaganesan (1991)  and 

Balasubramannian ( 1998) st~ldied different ecological aspects of this 

species. Some aspects on distribution and ecology of Asiatic 

elephants have been docunlented by several workers such as JSrishnan 

( 1972), H o f h a n  ( 1 975, 1978), Whittaker (1  979), Krishnamul-thj~ 

( 1980), Stores ( 198 1 ),, Balakrishnan et. al., (1 986), Santiapillai and 

Suprahman (1985, 1987). Dobias (1985, 1987), Sukulnar ( 1985), 

hair et. al., (1985), Jaj awardene (1986, 1989) in the subcontinent. 



But \er\[ few long-term studies on this species have been carried out 

in the rainforest habitats of southern India. 

Ecological s t ~ ~ d i e s  on some of the common ungulate species 

found in the Indian subcontinent were conducted by Berwick ( 1974), 

Jarmen et. al., ( 1  979), Eisenberg et. al., (1973, 1976) Sharachandra 

and Gadgil (1 975, 1980), .Martyn ( 1977), Dinerstein ( l  980), Miura 

( 19s 1 ), Mishra ( 1983), Mishra and Weinlner ( 1987), Johnsingh 

( 1983,1984), MC Naiighton et. al., (1986), Green (1 990), Barrette 

( 199 1 ), Johnsingh et. al., ( 199 1 ), Karanth et. al., (1 993), Khan et. al., 

( 1 995 ) and Shankar Rainan ( 1997). 

The genus Bos, in addition to the domestic cattle (Bos 

il7diczrs) and the ~rak (Bos grunnezw) contains several other species 

of wild cattle, all confined to the Oriental Region (Schaller, 1967). 

There are three subspecies of gaur, of which Bos gaurus gaurus 

inhabits India and Nepal, Bos gcrzrl-zw I-eadei in Burina and Indochina 

and Bos gcrzrr.zrs hztbbocki in Malaya. The Indian subspecies inhabits 

the forest of India throughout Southeast Asia and it occurs in the 

F-estern Ghats, the Central Indian highlands and the foothills of 

Hiinala\.as including the hills of the Brahinaputhra river (Schaller, 

1967). A fairly good population of gaur occurs along the Eastern 

Ghats of Orissa and Mad) a Predesh, while it is recorded in small 

numbers from the northern .I\ndhra Pradesh, Maharashtra and Bihar. 

According to Krishnan ( 1972) the chain of undulating hills on the 

Western Gnats are suitable habitat for gaur in India, nrhich is a fine 



oround stamping place for this species in the world. In the Western z 

Ghats it ranges from Karnataka south\vard to Ta~nil Nadu and Kerala 

mostly confined to the hilly forest areas and two isolated populations 

sur\,ive along the Tainil Nadu - Kerala boarder, on the Anaiinalai hills 

and around Peri!.ar Lake (Schaller 1967). Presently Periyar harbours 

a fairly good population of the gaur, though it has completely been 

exterminated in the late seventies due to rinderpest disease. 

Shrinkage of habitat and the epideniic diseases like rindei-pest 

and foot and nlouth through infected cattle grazing in the forest 

have considerably affected the distribution of gaur. Habitat destruction 

and indiscriminate shooting of gaur for sports are the major reasons 

for the decline its population (Krishnan, 1972) and these factors 

have considerably affected the Central Indian Population (Stewart, 

1938; Ali, 1927; Baker, 1980; Bansal and Joshi, 1980). The gaur 

sur\ii\es now in isolated pockets in India and considered as a 

threatened species. Habitat selection. ino\ einents and hoine range 

of the Malyan Gaur, Bos gaurus, were studied by Coniy ( 198 1,1989). 

Several studies on the related American bison were carried out by 

MC Hacigh ( l95S), Nelson ( 1965), Meagher ( 1989a, 1989b), Rej-nold 

et. al., ( 1982), Cainpell et. al., ( 1983) Van Vuren ( 1983), Van Vuren 

et. al., ( 1987) and Jaines et. al., ( 1990). 

The limited literatures on gaur in India include those on its 

status and distribution (Cameron, 1929; Bmnder, 1935; Blackburn, 
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1935: Morris 1 Y30. iL)37, 1937b, 1938a, 1938b. 1947, 1948, 1948a, 

1948b. 1952, 1154a. 1954b; Biddulph, 1936; Mustil, 1938; Russel, 

1938, 1940; Rylljali, 1950; Hutton, 195 1 ; Belsare et. al., 1984; Dwivedi 

and Shukla, 1988) and scanty observation on its behaviour and habitat 

use. Sckaller ( 1 967) :~nd Krishnan ( 1972) described different aspects 

of the ecology of  gaur. Vairaveli ( 1998) studied its habitat utilization 

in Parambikulan~ \\'ildlife Sanctuarj.. Studies on the status of gaur in 

India have also been carried out by Basappanavar (l985), Sainant 

( 1990), Debroy ( 199 1 ), while those on the food habits by Srivasthava 

et. al., ( 1996). 

The sambal; Cervzrs tinicolor., is a coininon species inhabiting 

the forest of India thl-ough South-east Asia. It is a inajor prey species 

of larger mammalian predators like tiger. leopard and wild dogs in 

India. Though Sambar is a typical and widespread forest dweller of 

Southern Asia, little has been investigated of its biology. A brief 

account ofthis species has been given by Schaller ( 1  967). According 

to Krishnan ( 19-3) its sound is familiar in the forest, which has been 

described by Peacock ( 1933) and Bentley (1  976). Short accounts 

on the antler sheddingand rutting of sainbar is available through the 

publication of hled\~ay ( 1969) and Thorn (1937). Ngalnpongsai 

(1977)  has studied t h s  habitat relation of the sambar in Khao-Yai 

National park, Thailand. 



Periyar Tiger Reserve in south India harbours the largest 

populations of inajor herbivores such as the Asiatic elephant (Elephas 

I ~ I c I x ~ I ~ ~ z ~ . ~ ) .  the Gaur (Bos gazrl.trs) and the sambas ( C e r ~ u s  zrnicolor) 

in South India. But little inforillation is available on the ecological 

requirell~ents of any of these species in the reserve and surrounding 

areas other than scant!. notes or part of the preliminary studies on 

wild life of the reserv'e carried out by Kusup (1971), Vijayan et al. 

( 1979). Nair et. al. ( 1  985), Ralnachandran et al., (1  986), Srivastava 

et al., ( 1995, 1996). Recently, Harikuinar et al., (1 999) has given an 

account on the population dynamics of sainbar in Periyar. 



CHAPTER - I11 

STUDY AREA 

I11 .l. LOCATIONS AND HISTORY 

Periyar tiger Reserve is the largest protected area in Kerala 

situated on Pei-iyar plateau a portion of the Western Ghats, within 

latitude 9" 15' to 9" 40' and longitude of 76" 55' to 77" 25', in the 

Peeilnede taluk of the Idukki district, about 1 13 Km. east of Kottayam 

and 135 Kin. west of Madurai (Fig. 1). 

The reserxre has two river basins, Periyar and Mullayar, the 

river Periyar originating fi-oin Chokkampatty and Mullayar fi-om 

Kalliinalai side join together as the Mullaperiyar which was iixpounded 

by the construction of a inasoni-y dam in 1895. This has resulted in 

the forillation of a lake of about 25 Sq. Kin.. The Periyas plateau 

includes, Periyar lake Reserve (600 Sq. b.), Rattenden valley (1 2.95 

Sq. Km.) and Mount plateau ( 1  63.17 Sq. Km.). Out of these, the 

actual forest area excluding Periyar lake residential colonies and 

Sabariihamalai Temple premises are estimated to be 741 Sq. Km. 

(Chanctl-ashekaran 1973). The bordering high M-avy mountain in the 

Tamil Nadu area has also been included in the study area. 

111 1899, the forest around the lake was declared as a reserve 

forest known as Periyar Lake Reserve forest, No. 39 under section 





18 of Travancore Regulation Act 1068. In 1934 a game sanctuaiy 

called Nellikampetty sanctuary with an area of 600 Sq.Kin. (Nair et. 

al., 1978) was formed, and Mr. C.H. Robinson, the first game warden 

was appointed by the then Maharaja of Travancore. An independent 

Ganle Dspartilleilt was formed in 1940 for better manageinent of 

gaine reserves. After the retirement of Mr. Robinson in 1945 a High 

Range Division was foimed and Mr. M.P. Subbaiah, the then game 

warden, took charge of High range Division. Then the Game 

Department came under the Conservator of Forests. Later the High 

Range Division was abolished and the sanctuary U-as brought under 

the Divisional Forest Officer, Kottaya~n. 

In 1950, inore area was added to the Nellikainpetty sanctuary 

to the present extent and the Periyar Wildlife Sanctuary was 

constituted. And separate game warden Mr. C. Chacko was 

appointed as Gaine warden by the government. The head quarters 

of - eame \X-arden was shifted fi-om Peel-med to Kottaya~n in 1964-65 

periods. In 1966, the Game Department kvas merged with the Forest 

Depai-tment and in 1978 the area was selected for Project Tiger 

launched by the Government of India. In 1982 the core area of 350 

Sq.Kin. of the reserve was notified as a National Park by the 

Government of Kerala (Nair et. al., 1978; Ramachandran et. al., 1987). 



111.2. BOUNDARIES 

The boundaryrof the main study area on the north, northeast 

and east, approximately 90 Kin. is the state boundary between Tamil 

Nadu and Kerala. On the north the boundary is formed by the Madurai 

district and on the east by Rainnadu and southeast by Tirunelveli 

district of Talnil Nadu. On the south the reserve is bordered by 

Ranni forest division and on the west by Kottayam division. 

111.3. GEOMORPHQLOGY 

The terrain of the study area is rugged with a large number of 

hills and hillocks, often rolling and occasionally with precipitous 

slopes. The elevation ranges froin 700 to 2019M. There are large 

number of peaks in the reserve area and its boundary with Tamil 

Nadu state. The prominent peaks are Karimalai ( 1  844M.), 

Sundarainalai ( l  808in.), Chokkainpettymalai ( 1 80 1 M,), Paachiinalai 

( 1800M.), Nagalnalai (1 733M.), Koinalai (1  64 1 m.), Kallimali 

( 1637M.) ,  Uduinalai ( 1589M.),  Koyilmalai ( 1569M),  

Chovarakuzhiinalai (1 549M), Sivagirilnalai ( 1  740M), Pulamalai 

( 1498M.) ,  Thottiinalai ( 1640M.), Changulnalai ( 1  522M.),  

Paachiyaminalai ( 1 750M.) ,  Suruliparainalai ( l 626M.)  and 



Mangladevi~nalai (1626M.). The highest peak in the area is the 

Vellimalai (20 14M.) Which is on the boarder with Ta~nil Nadu. The 

tract is hilly and rocks are crystalline and plutonic origin. There are 

numerous boulders on the ground particularly on the stream banks. 

Depth of soil varies according to the terrain and soil is always wet. 

111.4. HYDROLOGY 

The reserve has two river basins, Mullayar and Periyar. The 

river Periyar originates from Chokkampetty side and Mullayar from 

Kallitnalai side and joihs Periyar at Mullakudy forming Mullaperiyar 

River, which fonn the main drainage of the area. The lake was formed 

as a result of the construction Mullaperiyar dam in 1895 and has an 

area of 26 Sq. Km. with depth ranging from 32m. to 46 M. Most of 

the tributaries of Mullaperiyar are not named, and the important ones 

being Inchiparathodu, Vazhukkumparathodu, Chorakkatia river and 

Mullathodu. The water level of the lake varies in different months as 

given in theFable l ,  and depend mainly on precipitation rates. The 

lnaxilnuin water level in the lake was recorded during the month of 

June to December (Monsoon and Post rnonsoon) and the mean 

water level of the lake is given in the Fig.2. 
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Fig.2 Monthly mean water level of Mullaperiyar Lake 



Table - 2 
/ 

Monthly mean rainfall of four stations in the study area d,u 4 

Month 

Jan. 

Feb. 

Mar. 

Apc 

Ma!. 

Jun. 

Jul. 

Aug. 

Sept. 

Oct. 

No\: 

Dec. 

Mullalad\. 
111111 

- 

28  

4 

68 

74 

233 

276 

119 

101 

158 

193 

8 

Statiolis 

Mullaperiy ar Dam 
11~11  

10 

29 

20 

59 

168 

5 76 
f 

640 

304 

163 

291 

293 

19 

Thelil<ad>. 
nun 

10 

23 

l 3  

114 

l 3  l 

338 

378 

275 

197 

2 17 

3 16 

150 

Manaliavala 
111111 

- 

16 

7 

107 

94 

192 

264 

58 

73 

88 

112 

l 



111.5. CLIMATE 

The study area has rather cool climate. Temperature val-ies 

from 14"c to 35"c th rou~hou t  the year. March and April are 
h 

co~nparativel~. wanner months and the rest ofthe year is \.et. Average ~ ' k  ' 

1 rainfall is ___ 2jOOlnn1 with lnasilnuin precipitation from June to __ -_-_- --- __--- 
/, - /- - 

J . September. Although the area receives both the monsoon, southwest 
11 ? 1 7  , 

" C '  C 

d '  : dU . 
, - ' mo~isoon is responsible for nlore than half of the annual precipitation, 

i t  .$,J 
n Y i  " ~ \vhich nonually starts by the first n.eek of June preceded by a few 

pre monsoon showers. The highest rainfall is recorded during June 

to August months. Monthl!, mean rainfall of the four stations of the 

stud!, area is given in the table 2 and fig.3. Based on the precipitation 

pattern the seasons were classified as winter, summer, inonsoon and 

post inonsoon. 

111.6. VEGETATION 

Champion and Set11 ( 1968) have described the terlninology 

of forest types in the area. The vegetation types and their extent 

\\-ere reported by Chandrashekaran (1973). According to him the 

major vegetation types of the study area as gilren in the table 3 and 

Fig.4. coinprise west coast tropical evergreen forest (305 sq. Kin.), 

\Vest coast tropical seini e1,ergreen forest (375 sq. km.), Southern 

secondary llloist inised deciduous forest (98 sq. kin.). South Indian 

s~tbtropical hill savannah and southern lnontane wet grassland ( 12 
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Fig.3 Monthly mean rainfall of four stations in Periyar 
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sq. km.), Eucal!.ptus plantation (55 sq. km.) and reed brakes ( 10 sq. 

km.). Grasslands in the core area are savannah type probably because 

of annual forest fire. Grasslands of Periyar being grazed by cattle 

coining in large numbers from the eastern side of the erstwrhile Tainil 

Nadu and are subjected to forest fire made by the grazers. The 

subinerged area of the lake was known to have marshy \regetation, 

sandy riverbed and patches of forest in between hillocks. 

111. 6.1. WEST COAST TROPICAL EVERGREEN 

FORESTS 

This type of forest are mostly confined to the core area of 

the reser\-e namely Vekiletan, Koyilmalai, Kodaminalai, Inchipara, 

Nedumpara, Valiyameenkayam, Tholakkumpara, Sivagiri, Valliinalai 

and the Sabari malai area. On the eastern boarder of the reserve, this 

tbrpe of  forest forins a belt. This vegetation consists of  loft) trees 

and undergron.th of herbs, canebrakes and ferns and trees are 

predoininantly of soft-wooded species. Species coinmon to this 

biotope are Ai*tocur.yus Izirsz~ta, Meswa ferrea, Meszru iwagassurium, 

Elueaoccripzrs tzrbei~czrlntzrs, Elaecui.pus serrutzrs. Cunc~rizrnz 

str-ictzrnz. Evoclicr Izlnzl-nkendu, h'epheliun? longclnu, Culleniu 

erni.illarn Hopecr pnr-viflorcr and Kateria indicu etc .  The 

undergro\vth consists of Sti-obila~~tl~es spp., Psycl7otriu spp., 

Lcrportw c~.enulatu, Czrrcun~~ spp and Clerodenclron s p p  etc. 

Bamboo reeds (Ochlancil-a spp.) are seen in swampy areas of this 



Table - 3 

Forest types of Periyar Tiger Reserve 

Forest Types Area in Sq. Km. Percentage 

West Coast tropical evergreen 305 40.39 

West Coast tropical semi evergreen 275 36.42 

Southern secondary lnoist mixed deciduous 98 12.98 

Soiith Indian subtropical hi l l  savannah 

woodland & Southern montane wet grassland 12 1.6 

Eucalyptus plantation 55 7.28 

Reed bl-akes 10 1.3 





biotope. Climbers such as canes (Calanus s p p . )  are also the 

characteristic of this t!pe of vegetation. In the eastern side of the 

study area and in the Sabarilnalai and Mangaladevi areas, pal-ticularly 

the southern hill top tropical evergreen forests (sholas) are colninon 

n.hich support a good number of mosses. epiphytes orchids, 

ilnpatiens etc. 

111. 6.2. WEST COAST TROPICAL SEMIEVERGREEN 

FOREST 

This type of vegetation occurs as patches in Periyar, larger 

patches being confined to Sabariinalai area and between Pakadiinettu 

and Mlappara. The latter is a narrow strip, contiguous with evergreen 

forest in the east and also seen in small patches in Cheriyakanam, 

Valiyakanain, several place along the lake margins between 

Uininilcuppan and U~nillikuppan mettu, KO)-ilinalai, Inchippara, 

Pothamperi, Mulankal, Kozhikana~n and Pacchakanam etc. 

Ar-tocarp~s hirszlta. Sallalia spp.. Hopea parvljlorn, Tetr-ameles 

nzldzflo1.o are doininant species in this type of vegetation. There are 

a nuinber of openings where 7kelna and Dillenia come up. The 

undergrowth is thick and soil is same as in evergreen forest. In the 

tourist zone a mosaic of semi evergreen and inoist deciduous forest 

lnostly replaces the evergreen patches (Plate I). 





111. 6.3.  S O U T H E R N  SECONDARY MOIST iMIXED 

DECIDOUS FOREST 

This type of i.egetation has a patchy distribution in the study 

area mainly Mullakildy, A>yappankuruku and Cheriyakana~n area. 

Majorit). of them shed their lea1.e~ in the dry season fro111 March to 

Map. Major species confined to this type of vegetation are Tectoncr 

ul-ai7dis. Dalbergia lcrtifolicr. Lnger.stvoenzia lunceolata, Prer~ocurpzrs 3 

ma~.szryirrr~i, Ter117incrliu belle\-ica. Terminalicr paniculatu, Rundia 

d~rr~ietor-UMI, Gvelvia tiliaefolicr, Bambusa spp. and Anogeissus 

latfolin. Lnntana crczileata, Ezipatorium odoratum and Zizyphzis 

spp. goiv as dense under story at several places in the deciduous 

biotope. In deciduous forests, the number of grasses when compared 

to that of herbs is less. The i~nportant grass species are Cyr.tococcu~?~ 

osyyl~j~lltirn, Cyr-tocacczts nzrvicatam, Ottochloa nodosu, Oryza 

~rzm17z~lcrtcr and O ~ / ~ . S I ~ ~ ~ M L I S  coinpositz[s etc. Shrubs like Desn?odiz/m a 

p~rlcl~ellur~i, Helectr-es isora, and Grewicr spp. etc. grob- as  

undergl-owth. Orchids such as G:i11bidit1~7 alofoli~ini, Denclr.obitlr71 

1~zucr.ostcrcl7yzrrn and P/701i~iotcr im bricatu are also coilmonlj. met m-ith. 

111. 6.4. GRASSLAND 

There are two types of grasslands in the study area namely 

South Indian subtropical hill sa~.annah and Southern inontane \vet 
' 

2 orassland. Tall grasses interspersed with fire resistant trees like 

.Inogei.s.sus /~tlfOlic/, BI-i~jelicr I-etz~sn, Er12 bliccr o f f i c i ~ ~ l i s ,  Cclr"ej'c/ 



a1.001-ea. &dia cal~~cilia and GI-ewia tiliaefolia characterize the first. 

These \+;ere probably \vooded regions earlier and might have been 

changed to grasslands due to frequent fire (Plate 11). Phoenix hzlrliilis 

occurs among tall grasses especially on hill slopes in Swammikayam, 

Palltachimalai. Kurnariltula~~~, Uppupara and Mangaladevi areas. 

Profuse regeneration of Dalbergiu lutifolia was noted in this t ~ ; p e  

of grasslands on the top of certain hills like Kannilnaralnedu and 

Uppupara after fire season. Southern inontane wet grassland is 

confined nlainly to the( top of hills and is characterized by a carpet of 

grasses without any tree species. Besides grasses, the grassland 

supports rich herbaceous undergrowth. There are insectivorous 

plants like D~dosera peltata, Drosera bur.manni and many species 

of Ut~.iczllcrl-icr. Grass parasites such as Strgaltrtecr ez~pheasoides 

and CI7r.istisonia tzrbulosa were commonly observed. Many terrestrial 

orchids thrive well in grassland viz. Plntanthera szrsannae, Satyl-izrrll ' 

1iepule17se etc. the former being considered as an endangered species. 

Grasses on the hilltop comprise inostly Tlqemeda ~~vrnborin. 

I117per-attu cyli~idrica, Chr-ysopogon orientalis, Apocopis wighttii 

and .-l~.rr~~dineIlo 1~iesopl7ylla, those on the slopes colnpi-ise Thenledcl 

cj~1716a1-ia. Tl7e11ieda t1-iandr-a and Cr-\)sopogon hackeli and on the 

lalteshore and in the inarshy areas consist mainly of Cynodo~l 

dacy lo~ i  and Pcrniczlm repens. Grassland suppol-ts a large number 

of herbivores and needs protection and proper management. Fire 

plays an important role in maintaining the grasslands. Fire is supposed 



Plate 11 

Forest fire c Bum mg grassland 



to enhance grass gro\\.th but it has solme demerits also as it is kno~rn  

to cause erosion. 

Grasses and herbs are most abundant on hilltops and 

sa~rannahs  and less so at the lakeside. CI71-ysoy0,oon spy . ,  

C~,tnbopogon flevuosz~s, Eragi.ostis spp., Tllerneda cytnbnria, 

Tlilemec/o t~.indl.a, 11~1per.atn cylindrica and Al.trndinella spy. are 

the most dolninant grasses on the hilltop and savannahs where species 

diversity of grasses are more  hen colnpared to the lakeside and 

marshes. 

111. 6.5. EUCALYPTUS PLANTATION 

As part of the policy of rapid industrialization in the 1950s, 

the grasslands on the Mount plateau reserve, parts of Ranni reserve 

and Goodrical reserve forest were subjected to large scale planting 

of Eucnlyptrw g1.ar7di.s. The first experimental plot was taken up at 

Vallakadavu in 1956, the details of plantations is given in the tables 4, 

5 and 6. The satisfactory growth rate of this species led to the 

establishnlent of plantation of 28. 81 hectares and 45.73 hectares at 

Peerinedu in 1959 and 1960. Consequently a functional forest di\-ision 

overlapping Periyar Wildlife Sanctuary, Ranni division and Kottaya~n 

forest division was fol-med in 1961, which was called Grassland 

Afforestation Division (GLAD). It took up Peerinedu, Vallakadavu, 

Kozhiltanam and Pachakana~n areas of northern to southern portions 

of the Periyar sanctuary from 196 1 to 1967. ~ u c a l ~ ~ t u s  trees were 
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Table - 4 

Details of Plantations in Periyar 

Details of Plantations Inside the Reserve Outside the Reserve 

Existing Pla~ltatiolls 

Failed Plalltatiolls 

Con\-fl-ted Plantations 

Table - 5 

Approximate rotation wise distribution of existing 
Plantations in the Reserve 

Inside the Resei-ve Outside the Reserve 
(in ha.) (in ha.) 

First rotation co~llpleted 2070.00 Nil 

Secolld rotation completed 1200.00 184.00 

Third rotatio~~ conlpleted Nil Nil 

Table - 6 
Approximate distribution of existing Plantation in the 

Reserve 

Location Percentage Area j- C, ' 

Top of Hills 

O n  slopes 

In Valleys 



2 3 

tall and the rate of growth was well colnparable with that in their 

homeland. There u1ers also areas where plantation failed u~itli sparse 

on little grou.t11, on hilltops and on the slopes. The undergro\vth in 

plantations comprised ~nos t ly  the original  grassland 

\.egetation. Saplings of tree species such as Tel.n~innlici spp., 

.~c~ri170tl~1~1/7nectc spp., Ptc.i.occr~p~rs spy. etc. also c a ~ n e  up under the 

shade of eucalyptus plantations while Lalztana aculentl~ and 

E~~pato~~iurn  spp., grow well where there are openings. These 

plantations are being fire protected every year by clearing fire lines. 

111.7. ESTATES AND OTHER PRIVATE HOLDINGS 

There were private and developinental estates of carda~noin 

inside the study area. TN enty seven privately owned cardalno~n estates 

are scattered along the northeastern boundary, in the core area of the 

sanctuary namely Mlappara, Lakshinipara, Naduthottain and 

Uininikuppan. In these estates the diversity of habitat is reduced to 

that of the single crop species as the growth of shrubs and other 

~indergrowth is discouraged. Natural under story vegetation 

regenerated only after the area was brought under Project Tiger, but 

e\.en now the estate areas have poor undergrowth and less species 

diversit!.. 

111. 8. CATTLE MENACE 

Annually about t ~ o  thousand five hundred cattle from the 

adjoining Kurnily village enter the sanctuary area for grazing. The 



cattle population could be classified into 1 )  transient population. 

which consists of the cattle passing from Tanlil Nadu to Kerala 

through the Kuinily village, and 2) The permanent population, which 

colnprises cattle of the Kuinily and the surroundings. Density of the 

latter is coillparatively sinaller and it is floating population, which 

spend the daytiine inside the reserve for grazing and go back to the 

village during night. There is a sinall feral population ofcattle, which 

is quiet aggressive, found grazing near Manakavala, which is a favorite 

feeding ground of herbivore like gaur and sambar. The transient 

population of cattle is dangerous as it is likely to bring epidemics 

like foot and mouth disease and rinderpest disease. A trench has 

been dug in order to prevent the entry of cattle into the sanctuary but 

the trench was damaged by the cattle themselves and also by the 

villagers to let the cattle inside. During the rainy seasons, extensive 

grazing area gets subinerged and these cattle get into the interior of 

the sanctuary. 

I11 . 9 .  PILGRIMAGE 

Sabarilnalai Ayyappa Temple is one of the most famous 

pilgrim centers and is situated in the Perunad village of Ranni Taluk 

in Pathanainthitta district. It is surrou~lded by unique low altitude 

evergreen forcst and is located in the southern portion of Periyar. 

The nlajor impacts of the Sabarirnalai pilgrims are firewood collection. 

Trees are being felled in  good nulllbers and converted into firewood. 



Pole collection from sholas around the temple along the routes for 

the construction of stalls and canip sheds prevent regeneration of 

se\,eral species. About sixty percent of the area around the temple 

didn't have any pole gro\vtli. Dumping of non-degradable plastic 

litter and other litters in the forest areas during the seasons by lakhs 

of pilgrims is a nlajor en\.ironmental problem (Platz 111). The presence 

of plastic bags in the faecal lnatters of wild animals especially elephant 

dungs have been observed at several places. The fly swarms after 

tlie pilgrimage season and the donkeys used for transporting materials 

to Sabarimalai during festival are potential carriers or causes of 

infectious diseases. 

111. 10. TRIBAL SETTLEMENT 

There are three tribal settlements (Labbakandam, Vanchivayal 

and Moozhikkal) and one'non-tribal settlement (Pambavalley Food 

Production Area j within the sanctuary in the buffer zone. The major 

tribal g-oups are Mannan, Paliyan, UI-alis and Mala Aryans and 

Malalnpandaralns. 



Plate I C E  
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CHAPTER - IV 

METHODS 

The study was carried out while I was working in a wildlife 
(:' 

\ A g '  

research project on e l e p l u l t ~ e r i y a r ,  under the research officer, - P '  
4 ," 

\ 4)): 
froin October 199 1 (Zacharias, 1997): The data collection \\-as started 

l 

in October 1991 and.continued till November 1994. In the study 

area, four localities were selected, with different type of vegetation, 

- , nainel) evergreen, seinpergreen, inoist deciduous forests, savannah, 
P 

/ 

grassland and eucalyptus plantations. In each of these four localities 

four transects described by Burhain, et. al., (1980) each haiying about 

S to 10 Kill. length M-ere laid and larger herbivores were regularly 

observed once every inonth along these transects, which cover all 

the different habitats. Transects were directed perpendicularly to 

\vatersheds in order to sainple varied habitats. Road strip counts 

developed by Hirst, ( 1969) and Berwick ( 1974) were also used eveiy 

inonth for estimating animal populations. 

In  addition to the above, six study plots of l00 s 100 m. 

ivithin which 10 X 10 111 were also inarked in different habitats. namely 

e\.ergreen forests, semi evergreen forests, moist deciduous forests, 

savannah, grassland and Eucalyptus plantation in the study area. 

Vegetation characteristics in the study area are recorded. Since the 

relation between vegetation and animal populations are of great 

iinpol-tance, the population estimates. were also made on the transects. 



The habitat preference was assessed b!- direct obser\:ations of animals 

and indirect e\.idences of their occuxsnce namely tracks, and faecal 

gro~ips fro111 the transects and plots. Elephant dung, gaur droppings 

and sambar pellets seen within two meters of either side of the transect 

baseline M.ere recorded. 

The pellet group count first described by Bennet et. al., 

( 1  944) and nlodified by Neff (1 968) was used. All droppings were 

cleared from the plot areas during the stai-t o f  the study. Each plot 

was visited once every month and the faecal groups were counted 

species wise and cleared. The chances ofpellets being washed away 

during nlonsoon months were considered. Sightings of elephants, 

oaur and sambar in the transects and plots and indirect evidencss of 3 

their occurrence in different types of habitats were recorded every 

month. 

To determine the sex ratio of the animals, ground based 

co~nposition counts of the herds were conducted and classification 

were made. The elephants were classified as per their age and sex as 

adult male, adult female, sub adult male, sub adult female, juvenile 

~ ~ i a l e ,  juvenile female and calves on the criteria adopted by Eisenberg 

and Lockhart ( 1973). The gaur was classified as adults, subadults 

and young ones, and salnbar were)classified into adults and 180ung 

ones. The size difference, presence of pelage and coat colours were 



taken as criteria to identi6 the sex and age of each individual in gaur 

as done by Schaller ( 1967). Siinilarly for calculating the accurate age 

and sex, the length and shape of the horns, inethod developed by 

MC Hug11 ( 1958) and Fuller ( 1959) was considered. 

To gather information on the aggregation of elephants, the 

elephant herds \vere classified on the basis of  the nulnber of 

individuals in the herds. The elephant herds sighted were grouped 

into the following classes, class 1 )  1 to 5 individuals, class 2)  6 to 10 
l 

individuals, class 3) 1 1 to 1 Siclass 4) 16 to 20 and class 5) above 20 
i- 

individuals and the gaur were grouped as 1) 1 -5: 2) 6- 10/3) 1 1 - 15 
P 

and 4 )  above 15. The salnbar was grouped as solitary, up to two, 3 

to 5 ,  6 to 10 and above 10. The occurrence of herds was recorded 

every inonth in different types of vegetations. 

In each observations, carefill note was made ofthe behaviour 

of the aniinals, the coinposition and structure of herds, the number 

of animals per herd, the location of the sighting, time of activity and 

factors affecting their behaviour in different seasons namely winter, 

pre-l~ionsoon, inonsoon and post- monsoon, and in different habitats. 

Two factors are considered in herbivore food habit studies, 

the percentage of the animal's diet which a plant species constitute 

and the percentage of each forase \vhich is cropped by the feeding 

animal, Papageorgiou ( 1972). 



Food habit studies were carried out both directly and 

indirectly. Direct observations include the inspection of feeding site 
\ 

after the retreat of the animals. The remains of the plants were 

collected and identified. The twig count inethod used by Shafer 

( 1963) was adopted,to deterinine the ainount of browsed and 

unbrowsed leaf~l twigs in the closed vegetations. 

Indirectly. food habits were studied by the micro-histological 

analysis of faecal contents, developed by Stewai-t (1967), Todd and 

Hansen ( 1  973), Wallaino et. al., (1 973), Hansen and Reid (1975) and 

Dearden et. al., (1975). Epidermal characteristics ofall possible food 

plants in the stud}. area were studied by taking sections of upper and 

lower epidermis of leaves. Sections were mounted on inicro slides 

and cainera lucida drawings were made. A key was then prepared 

for all possible food plants of the study area. As next step, the 

pellets of sa~nbar and droppings of gaur were collected from the 

field, brought to the laboratory, washed well and preserved in 5 % 

fonnaline. The leaf Gaginents in these samples were compared with 

the key prepared for identification. The results obtained by the inicro- 

histological inethod were compared uith the food plants of the 

herbivores observed and collected froin the field. 

X' - test for independence of attributes and regression analyses 

\\.ere used for the statistical analyses of the data. The X' test, used 

for testing independence of two attributes when a contingency table 



is provided. If the first attribute, (eg. herdsize of elephants) consists 

of m level, and the second attribute, season consists of n level, we 

ha\.e 111 x 11 contingency table. The X' \.alues computed after 

computing the expected frequency of each cell of the contingency 

table under the assunlptions of independence. The X' statistics 

computed using the formula, 

X? = C (0 - E)' 
I2 

Where, 0 = Observed frequency froin contingency table and E, 

expected fi-equency computed using the assuinption of independence. 

The degrees of freedom for X' is (m - 1) X (n - 1) provided all the 

expected cell frequencies are > 5 (otherwise, Yate's proceedure 

should be conducted). If the calculated X* is greater than the table 

value, the hypothesis that "the attributes are independent" will be 

rejected, in that case the attributes are associated. X' test is used for 

the analysis of the herdsize variation by vegetation and season, 

seasonal habitat preference, seasonal difference in the herd 

coinposition and seasonal diet difference of these three herbivores. 

To study the effect of an independent variable oi.er a 

dependent variable, regression analysis is used. The significance of 

the contribution of the dependent variable is tested using F - test 

(ANOVA). As a measure of the dependence between the variables, 



the correlation coefficient can be used and which was calculated 

using the formula, . 

Cov (XY) 
Correlation coefft. = 

SD (X)  SD ( Y )  

X = Independent variable 

Y = Dependent variable 

F - test was used for the analyses of the seasonal mean 

herdsize variation and birth season of elephants. 

The area around Periyar, especially those in the Tamil Nadu, 

which are visited frequently by the larger animals especially by 

elepha~~ts were \.isited once in two months and the occurrence of the 

animals also recorded. Both direct sighting and indirect evidences 

of their occurrence were recorded. I11 addition, information has been 

gathered on the aniinal lnoveinents froin the forest staff camping in 

the boarder areas, estate workers and tribal people. Data thus gathered 

was helpfi~l to get an idea about the utilization of the rain shadow 

region of the ghats by elephants and other large herbivores. 



CHAPTER V 

POPULATION STRUCTURE AND HABITAT USE OF 

ELEPHAST (Elephas rnaxi~~~tls)  

V. 1 .  POPULATION STRUCTURE 

The Asiatic Elephant, Elephas maximus, lives in herds. Most 

of the sightings in the study area consisted of herds though there 

were a nuinber of solitary individuals, both adult inales and females. 

Herds often coinprised adult, sub adults and young ones as observed 

b>- Eisenberg and Lockhai-t ( 1979) in Sri Lanka. Herds assemble for 

drinking L and grazing at selected places, usually coining together in 

afternoon or in the early part of the evening. They inay remain together' 

perhaps for several hours before once again dividing into subgroups. 

During the study period, a total of 2266 individual elephants 

forming 368 herds were observed in Periyar. Monthlj- frequency of 
/ l  

different age groups 'of elephants is showed in the table 7. The 

elephants were classified into different age groups on the criteria 

adopted b j  Eisenberg & Lockhai-t I 1971) as adult, sub adult, juveniles 

and c a l ~  ts. 



Table - 7 

Population structure of elephants in Periyar 

Month AM AF SAM SAF JM JF C 
. +  / 

, , 

Jail 

Feb 

Mar 

Apr 

Ma!. 

Jull 

July 

.4us 

S ~ P  

Oct 

No\- 

Dec 
,. 

- ?  c, * *  ' 1 ,- 'l 

' AM: Adult 11lale. AF: Adult female 

SAll :  Sub adult male. SAF: Sub adult female 

JM: Juvenile male. JF: Juvenile female 

C: Calves 



1: 3. SEX RATIO 

The distribution of inales in the reserve is very sparse than 

the fe~nales, Of the total 2266 elephants observed, 9 were adult males, 

1273 adult females, 77 sub adult males, 520 sub adult feinales, 43 

ju\.enile males, 235 juvenile feinales and 109 calves. Besides these, 2 

tuskless males (makhnas) were also observed during the study period. 

The sex ratio ainong the different classes of elephants varied 

considerabl>~, with a high proportion of adult feinales. The total 

percentage of inales was only 5.69% while that of feinales was 89.41% 

and calves 4.8 1% in total (Table. 8 and Fig.5). The percentage of 

occurrence of adult males was only 0.39% while that of the adult 

feinale were 56.18%. This iinbalanced sex ratio seeins to be due to 

the high mortality in adult males since there is a high pressure of 

poaching on adult inale in the I-essrve and around. The propoi-tion of 

sub adult male was 3.4% while that of sub adult feinale was 32.94%, 

ju~renile inale with 1.89%; juvenile feinale was 10.37% and cal\~es 

4.8 1 % (Fig. 6). According to previous studies in Periyar, ainong the 

males,adults co~nprised 5 1.5%, 1.2 % calves 19 % of juveniles and 

sub adults while in feinales, the calves consisted 1.2 %, jwreniles 19 

O/b and adult 8 % (Kurup, 1969). During the 198 1-82 period among 

the feinales, proportion of the calves comprised 7.3 %,juvenile 6.6 

O/b, sub adult 8.1 % and adult 56.7 % while ainong the inales the 

calves comprised 7.2 %,juveniles 6.6 %, sub adult 6.7 % and adults 



0.8% (Nair. et. al. 1985). During the 1987-89 period the proportion 

of different age groups in elephants changed slightly. Among the 

females the calves and juveniles formed 8.S %, sub adult 18.5 % and 

adult 60.2% while ainong the ~nales, calf and juveniles constituted 

8.8 %, sub adult 3.3 % and adults 0.5 %. The proportion of different 

age groups of elephants noticed during the present study as shown 

in the table 9, exhibited much difference fi-om that ofprevious studies. 

In the overall pattern of different sexes in different age groups 

there is considerable variations in the ratios of different sexes as 
- f -  

inentioned in the table, Table 9. The proportion of the adult male to 

adult female is very significant as there are 14-1 females to one adult 

male while the proportion between the sub adult male to sub adult 

female is 1 : 6. The proportion of juveniles was 1 male to 5 females 

and total propel-tion of illales and fe~nales including adults, sub adults 

and juveniles it is 1 : 15. The ratio between males and fe~nales were 1 : 

6 (Kurup, 197 1 ), 1 : 7 1 during 198 1 - 83 (Nair et. al., 1985). In all the 

age groups of elephants in the reserve the number of males was very 

low and the ratio between males and fe~nales was skewed. The 
c. 

\.ariation between inales and females was insignificant and there was 
- 

no association between different sex or age groups and season (X' = 

8.7246, df = 6, P > 0.0 1 ), however ~naxilnu~n frequencies of different 

sexes obserl-ed during post lnonsoon months. The  actual and 

expected frequencies were given in the table 10 and 10A . 



Table - 8 

Frequencjr of observation of different age groups and their 
percentage 

Sex Number Percentage 

Male 

Fe~naie 

Calves 

Table - 9 

Sex ratio of different age groups of elephant 

Age groups Ratio 

Adult Male to Female 

Subadult Male to Feinale 

Juvenile Male to Felnale 

Calves to Adult Female 1:s 



Male Female Calves 

Fig.5 Number and Percentage of different sex 
groups of elephant 

E Z l  Number 

+ Percentage 



E l  Percentage 

Adult Adult Subadult Sub adult Juvenile Juvenile Calves 
male female male female male female 

Fig.6 Percentage of different age groups of elephant 



Table - 10 

Frequencies of observations of different sex class of 
elephants by season 

Season Male Female Calves , 

Post lllonsoon 44 682 48 

Table - 10A 

Expected frequencies of different sex class of elephants in 
different seasons 

Season Male Feinale Calves 

Winter 23.5 1 15 369.6222 19.8663 

Suillil~er 96.30 10 4 13.4757 ,,.,-33 77 3331 

Monsoorl 35.1249 552.1959 29.6792 

Post inonsoon 44.0627 692.7061 37.23 12 



1'. 3. NATALITJ' 

According to Sukumar ( 1985) and Daniel et. al., (1987) in 

.Asian elephants, the females are mature at 15 years and calf is born 

\\.hen the female is usually bet\+-een 15-30 !.ears of age. Young ones 

\\.ere observed se\.eral tiines during the stitdy period and total of 109 

calves to 1373 adult females were observed. The proportion between 

the adult fe'emales to calves was only 8:l .  Newborn calves were 

observed throughout the year. Eisenberg and Lockhart ( 1972) 

reported that there is no evidence of seasonality in the births of 

elephants. Based on the samples collected during the study period, 
P 3 :  
1 ,\ C P ~ "  

the fertilit). was estimated as 0.08 adult.jt!ifemale per year or mean , , ,  

' - .  r .  
c 
, \ 

birth inter\.al of 11.6 \.ears. The maximum number of calves were . ,  , , 
A' - ". ,,, , /-- 

,, l .  ' 
9 ! , obsen ed ~ . i t h  the herds during wet seasons (Fig. 7) namely monsoon , ,- , ' 

and post Inonsoon seasons with 25.68 % and 44% of occurrence 

respectively. HOM-ever there was no prominent seasonality in the birth 

of elephant (P > 0.01. R' = 0.8 190, SE = 6.0391, CO-efficient = 

0.9439). The least frequencies were during late winter months (Fig.7). 

\.!-l .MORTALITY 

The principal reason for the death of elephants in the reserve 

\\.as poaching especially of the adult males. A total of 16 elephant 

deaths were obser\.ed during the study period, which consisted of 4 

adult males, 6 adult females, 9 sub adult males, 3 sub adult females, 



-m- Number 

0 
Winter Summer Monsoon Post monsoon 

Fig.7 Seasonal variations in proportion of elephant calves 



1 juvenile illale and 1 calf, while the moi-tality in different age groups 

are considered the proportion of the ~nortality was very high in adult 

males. 01111. 1 calf died during 199 1-94 period. In Periyar there was 

pronounced sex specific mortality. The causes of death are 1-aried. 

but mainly due to poaching, besides injuries from gunshot, wounds 

and electric shocks (Table. 1 1 ;  Plate 1V & V). 

V. 5. HERD SIZE AND AGGREGATION 

Herd size and aggregation of grazing animals are known to 2 

9 
influence by availability and abundance of food and other ecological 

i- 

factors such as rainfall, fire etc. As already mentioned, based on the 

number of individuals in the group, the elephant herds were grouped 

into 5 classes A ( 1 - 5 ) ,  B (6- 1 O), C (1 1 - 15), D (1  6-20) and E (above 

20). Anlong the total number of herds observed, maximuin 

fi-equencies were of sinaller classes, class A and B with frequencies 

178 and 123 respectively. The proportion of these tn;o classes 

together \;\-as 81.52%. The class A coinprised 48.37% and B, C, D 

9 3 3 . 1 5 % ,  13.04%; 3.53% respectively. Miniinurn nuinbei- of 

herds was observed in a class E (1.9%) as showe&in the fig. 8. 

Elephants have a propensity to becoine smaller in their herd size in 

the study area. The herd colnposition seems to be significant as 

mernbers of all age groups were represented in most of the herds. 

Hou.e\ er, only tive herds were found with an adult Inale during the 
7 ,, S ? ,  

study be due to the low numbers of adult inales in Periyar. 



Table l 1  

Frequency of died elepharlts and cause of death 

in the study area 

Gunshot injuries Electric shock Unknown Age group > ,  

Adult Male 4 - - --.. 

Adult Female 1 

Sub adult Male ? - - - 

Sub adult Female 3 - - - 

Juvenile Male 1 - - 

Juvel~ile Feinale - - - 

Calves - 1 - 



Plate IV 

Elephants - Electrocuted 

Plate V 

Elephant - Poached and ivory removed 
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Fig.8 Herdsize frequencies and percentage of elephant 
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Solitary tiiskers and adult felnales \+.ere sighted 4 times and 14 times, 

\\.hich constituted 1.08 and 3.8% respectively. 

V. 6. HERDSIZE VARIATION BY SEASONS 

The availability of food and water seelns to play an important 

role in the herdsize pattern and formation of elephants in the study 

asea. Altogether 368 herds \vel-e observed during the study period. 

There was not lnuc1-1 association between different herdsize classes 

of elephant with season was recorded in the study area (X?= 9.3208, 

df = 13, P > 0.01). Of these 368 herds, 61 herds (16.57 %) were 

during winter, 82 herds (22.28 %) in summer, 102 herds (27.7 1 %) 

in lnonsoon and 133 (33.42) herds {l: re during post lnonsoon season. .a 
The actual and expected frequencies (Table, 12 & 12 A) indicated 

that the rnaxirnuln herds were sighted during post lnonsoon followed 

by monsoon seasons. The mean herdsize of elephants was 

comparatively larger during \\.inter and post lnonsoon nlonths 

constituted 6.7 and 6.3 respectivel!. and in sulniner it was only 5.6 

as shown in the fig. 9. However, the season and the mean herdsize 

have no significant association (P > 0.01, R' = 0.3 146, SE = 0.7235, 

CO-efficient = 0.5609). 

V. 6.1. HERDSIZE IN WINTER 

During the winter nlonths altogether 6 1 herds were observed 

in all herdsize classes, of these the ~naxiinuln number of herds 



Table - l 2  

Seasonal variation of different het-clsize group of elephant 

Class Winter S u m i ~ ~ e r  Monsoon Post inonsoon 

0 l to 06 (.4) 3 5 39 48 5 6 

06 to 10 (R)  I S 3- -'3 30 42 

I l to15 ( C )  6 7 17 1 S 

16 to20 (D) l 4 4 4 

Above 30 (E) 
3 .. :. , 

1 

Table - 12A 

Seasonal variation of different herdsize group of elephant 
Expected frequencies 

Class Winter Summer Monsoon Post monsoon 



Winter 6.7 

-- - -- -. 

Post Monsoon 

Monsoon 

B Summer 

Q Winter 

Fig.9 Seasonal variation in mean group size of elephant 



belonged to the class A (57.37 %) followed by class B (29.50 %) 
\ 

" / and least frequencies were larger classes. D and class E 
/- 

( 1.63 %) each and the class D colnprised 9.83% as showed in the 

fig. 10. Thus the herdsize \\,as maximum in s~naller classes during 

this season. 

l! 6.2. HERDSIZE IN SUMMER 

As shown in the figure- 10, 83 herds observed in suminer 

months of which 47. 56 % herds belonged to class A comprising 

39.02 % to class B 8.54 % to class C and 4.88% to class D. Larger 

herds representing the last class (Class E) was not observed during 

the study period. 

4.6.3 HERDSIZE IN MONSOON 

The smaller classes have Inore frequencies during rainy 

months in Periyar. Percentage of occurrence of different herdsize 

class during this season is shown in figure 10. The inaxi~nu~n number 

of herds belonged to class A and B with 47.65 % and 29.41 %, 

w.11ile the occurrence of classes C, D, and E constituted 16.6%, 

3.92%, and 2.94% respectk-ely. 



IEI winter I 

Fig.10 Variations in the Herdize pattern 
of elephants by seasons 
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V. 6.1. HERDSIZE IN POST MONSOON 

Out of the total 368 herds sighted, 123 herds were observed 

during this period, the percentage of occurrence being optimum for 

class A and B (45.52% and 34.14%). The sightings of larger herdsize 

classes ( D  and E) Liere 3.35% and 9.43% and class C .consists of 

14.6-3'/0 (Fig. 10). 

V. 7. VEGETATION AND HERDSIZE VARIATION 

The total nulnbers of herds observed were also grouped on 

the basis of the different vegetation types. There was not a significant 

influence of vegetation types on herdsize forination of elephants in 

Periyar (X' = 32.8 140 df = 30 P > 0.0 I ) .  Out of the 368 herds inet 

u.ith, 1 18 were sighted in grasslands, 100 in savannahs, 72 in lnoist 

deciduous forests, 42. in seini evergreen forests, 30 in evergreen 

forests and 16 in eucalyptus plantations (Table. 13). The actual 

frequencies and expected ti-squencies of different herdsize groups 

in different vegetations were given in the tables 13 and 13A . Ainong 

the 118 herds observed in grassland habitat, 53, 46 belonged to 

class A and B and 14 to class C. The frequency of obser\ration of 

larger class, E, was o n l ~ .  2. The classes ranging from A to C were * 

Y7#,' E ? 

observed Inore in grassland vegetations. The herds above 20 were 
P 

sighted in lnoist deciduous and evergreen forest with 3 and 3 herds 

respectively. - -  4 ;  , : . , ' 
I 



Frequency of  obsel-vation of  elephant hercls in different 
vegetation types 

Hfrd size Grass1,lnd Sa \  annail Moist deciduous Semi evergreen Evergreen Plantation 

.Abo\e 20 (E)  7 0 3 0 - 7 0 

* . )  , I ,  - -.. - - 

Table - 13A 

Frequency of observation of elephant herds in different 
vegetation types 

Expected frequencies 

Class Grassland Savavnah Moist deciduous Semi evergreen Evergreen Plantation 



\: 8. HABITAT PREFERENCE OF ELEPHANTS 

Darling ( 1960) has described the African elephant as the head 

of the larger group of bl-011-sing and grazing ungulates forming a 

spectrum covering tlie range of vegetations. This seellls to be the 

sallie \\-it11 the elephants in Periyar as the six types of vegetations in 

the Reser\,e, namely grassland, savannah, liioist deciduous forest, 

semi e\,ergreeri forest. evergreen forest and eucalyptus plantation 

are visited and utilized by elephants. These habitats though not clearly 

distinguishable in many places, exhibit inuch diversity in their 

composition~and are influenced by climatic factors such as 

temperature, wind, rainfall and fire. 

The elephant herds observed in different habitats in different 

months during the study period in the reserve is given in the table 14. 

Grasslands, savannahs and moist deciduous forests were preferred 

to dense ei.ergreen forest. I11 grasslands, a total 1 1 S herds of elephants 

\isre sighted (Plate VI).  Out ofthe total 368 herds sighted, 32.06 % 

isere in grasslands, 27.17% in savannah and 19.56% in moist 

deciduous forests. The percentage of preference of elephants to 

semi e\,ergreen and evergreen constituting 5.4% and 11.41% 

respecti~ el).. The least preferred habitat, plantation, consists 0111) 

4.3% (Fig. l l ). 

The percentage of elephant herds observed was Inore in open 

habitats the percentage of sighting in g]-assland and sa~.annah \\-as 



Table 14 

hlonthly habitat preference of elephants -, . 

Habitat .lan Feb .Mar Apr Ma! J t ~ n  July Aug Sep Oct No\ Dec O O  

Grassland 6 S 1 0  5 7 8 9 21 17 1 1  10 6 3206 

Savannah 4 3 1 3  7 6 4 7 12 15 l3 9 7 9 27 17 

Moist deciduous I2 S 5 , 3 5 1 0 4 6 3 2 9  5 1956 

~~l'eeI1 E\er, 4 5 1  3 7 3 - 3 1 -  - 543 

Se~ i i i  e\ er= tveen ' 4 5  3 5 6 3 3 3 4 -  3 1 1 1 1  

Plantation - - - 4 3 3 3 2 1 -  1 433 



Plate VI 

A n  Elephant herd un  grassland near the lakeshore 



l3 Percentage 

Grassland Savannah Moist Sem~ Evergreen Plantation 
deciduous evergreen 

Fig.11 Percentage of preference of elephants to  various habitats 



together 59.2% though the proportion of this habitat comprised only 

1.6% of the total area. The less preferred habitats like evergreen 

forests and semi evergreen forests however covered extensi1.e areas 

in the reser\.e. The evergreen vegetation formed 40.39% of the total 

area while the preference of elephants to this habitat \\/as onl!- 5.43% 

as given in the table 15 and fig. 13. 

Elephants i n  Periyar showed little preference to the semi 

evergreen and evergreen habitats. Only 1 2  and 20 herds were 

observed in these two habitats during the study period. As described 

by Darling ( 1960), elephant is the great " path maker " in evergreen 

forests. Elephant utilization of eucalyptus plantation in Periyar was 

4.35%, ivhich was its least preferred habitat. 

V. 9. SEASONAL VARIATIONS IN HABITAT USE 

Out of the 368 of elephant herds, a total of 82 herds (23.28%) 

\{,ere obser\.ed in pre-monsoon, 102 (27.72%) in monsoon, 133 

(33.43%) in post-monsoon and 61 (16.58%) in winter seasons in 

the study area. (Table. 16). Maxi~nilrn numbers of herds observed in 

grasslands and open forests during lnonsoon and post-monsoon 

seasons was 78.8%. Their OCCUII-ence in semi evergreen and e\.ergreen 

in total was only 16.84% and in plantation 4.34% 

Significant \.ariation in habitat use by elephants during periods 

of low, ~nediilnl and high pl-ecipitation was observed. The correlation 



Table 15 

Area ancl percentage of each habitats in Periyar and the 
percentage of occurrence of herbivores 

Habitat Area 
( Sq. Km. ) Percentage Elephant Gaur Sambas 

Grassland "C Sa\ annah 12 1 .6 59.2 l 61.03 

\4oist Deciduous 98 12.98 19.6 28.57 30.68 

('seen Semi e\.er, 275 36.42 11.4 18.18 6.20 

E\ er, L J S ~ ~ I I  305 40.39 3 7.79 

Plalltatiol~ 55 7.28 4.35 3.87 2.06 

Reed brakes 10 1 .32 - - - 

Table 16 

Seasonal difference of habitat use of elephants in Periyar 
r 1 

r > A ,  - 
Habitat Wulter S ~ u ~ ~ m e s  Mollsooll Post monsoon % 

Grassland 14 -- 3 3 3 8 44 32.06 

Sa\ annah 7 26 2 3 44 27.17 

\?oist decict uous 2 0 13 2 0 19 19.56 

Semi evergreen 1 1  l 12 11 8 . 11.41 

9 E\ er, 
- 

~~reen  3 - 4 5.43 3 

Plantation 4 S 4 ' 4.34 



. 7 0  

-m- Oh of area 

-+ % of use 

Grassland & Moist Semi Evergreen Plantation 
Savannah deciduous evergreen 

Fig.12 Proportion of the areas of different habitats and percentage of 
elephants utilisation to each habitat 



between habitat utilization of elephants and season was veiy significant 

in the studj. area (X' = 34.7892, df = 15, P < 0.01 ). In grasslands up 

to a maxilnum of 44 and 38 herds ivere observed in post-inonsoon 

(37.29%) and monsoon seasons (32.20%) respectivelj.. Lesser 

number of herds utilized this type of vegetation during winter and 

pre-monsoon. Masimum utilizatio~l of savannah and moist 

deciduous habitats by elephants was in winter and post-monsoon 

while the use of dense forest was inore during sulnlner months. 

V. 10. FOOD AND FEEDING HABITS 

Altogether 9 l, species of  food plants of elephants were 

identified during the study period. Ofthese, 36 species were grasses, 

21 herbs, 12 shrubs. and 33 tree species as shown in the table 17. 

The table shows that solne tree species fornls an important part of 

the elephants' diet especially during dry seasons and there were 
l, 

S ,,f , .  ; 

seasonal difference in the use of each tree species in the study area.- 3 
' 

For instance, solne woody species like Gre~via tiliaefolin,%r-ewia , 1 c , -  f l ' , : o  
r r '( 

psperu, Telia ga171blici were htilized throughout the year though these 
d t  . ' $  - - <~ \ 

p". .E'4 species preference \\-as inore during late winter and suinrner months. 
7 '  

As far as the dietary diversity is concerned elephants used more 

grasses and they depend little on browse species during wet seasons 

and mostlj. utilized woody species during dry months. Ho\\.ever 

they took much grass also during sulnlner months in the study area. 



Table 17 
Food plants of Elephants collected from the study area 

Name of the plant Family J F M A M J J A S O N D  

Achyl.~/nthes aspera Amaranfaceae * * * * * - ? . A  .. .. 5; * 

, .-1cti17udcq~I111~~ I ~ ~ I . s ~ I ~ N  Lauraceae .. - W ,. ,. 
l 

-4ge1-crtzrn~ coi~yzoids , Asteraceae 

.-lllote~-oysis cilt~icincr Granlinae 

.-fylzrdc/ u~~istc~tr/ Graminae 

.Jpocopir. ~~'ightrii Graminae 

.4ppo/o11ir1~ ~l'nottii Lauraceae 

. - I I . I ~ L . o I ~ ? I I  C 11etl.ophylll1r Moraceae 

B C I I ? I ~ I I . K I  C I I ~ L I C / ~ ~ I N C ~ N  Grailliilae 

Bit ken.\ hl~ll~ilis Asteraceae 

Bluni~*illet/ 1.170111boicleo Asteraceae 

C'c~nthilm~ ~l~glr.~tifolilm~ Rubiceae 

C'u~-eyo u~.borec/ Lecythidaceae 

Cc11 yota I ~rens ' Palmae 

CNJ.Y~N 171i1710.~0ides Caesalpiaceae 

Ch1ol.i~ spp. Granlinae 

C ~ I ~ ~ L / I I I O I ~ I Z I I I I  t l l ~ l~~b~ l~~ l t l l n?  Lauraceae 

C'll~n~le C S ~ I  bnccifel.c~ Meliaceae 

C'orclir~ ~ I J . X L I  Boraginaceae 

C'111-cl digo 01-chioi~1e.s Zingiberaceae 

C ' I I I - C ~ I I I K /  ~~ngz~ .~ / i f o I i~ /  Zingiberaceae 

Cjm~hopogon flesl~osla Graminae 

Cj.17o~lon t/rcr)-lo17 Granlinae 

C)r/ococclm~ o.~~phyllt/n~ Granlinae 

Cyrtococcl~~i? patens , Gralninae 

De.unzotlii/n~ y~rlcl~elll/ni Pappilionaceae 

I Desn1odiz~17z h.ifolium Fabaceae * k * A .. * 
* '  

l 



Digituria syy. Gralninae * * .ic t * * - j ;  A h 

Dimel.irr spp. Graminae +C * * * A  . . *  * * 

Graminae 

Euphorbiaceae 

Asteraceae 

Leguminosae 

Granlinae 

Graminae 

Graininae 

~Moraceae 

blosaceae 

Granlinae 

, Zingiberaceae 

Tel iaceae 

Tel iaceae 

Piperaceae 

Sterculiaceae 

Asclepiaceae 

Graminae 

Griiminae 

Acanthaceae 

Rubiaceae 

Graninae 

, Verbenaceae 

h4!.rsi nae 

Anacardiaceae 

Graminae 

h;limosae 

Graminae 

Gran~inae 

Oleaceae 

Graminae 

. % " A  " " J " "  " . . . . . .  . . . . . . . . . . . .  
* l 



013zu granzrlatu Graminae 

Punictrnz brevifoliunf Garminae 

Pa17icz/n1ja\~rmictnn Graminae 

Graminae 

Graminae 

Graminae 

Graminae 

hlal\.aceae 

Palmaceae 

Myrtaceae 

Rubiaceae 

Graminae 

Graminae 

Sasifiagaceae 

Graminae 

Malvaceae 

Malvaceae 

Solanaceae 

Solanaceae 

Verbenaceae 

Sterculaceae 

Myrtaceae 

Teliaceae 

Fabaceae 

Combretaceae 

Graminae 

Graminae 

Malvaceae 

Malvaceae 

Dipterocaraceae 

Asteraceae 

* A L . ! .  .. .. .. l 

* * *  -5 5; l 
-5 r. ,. ,. -5 -5 .. ,. -5 

* * * *  * 
* * * i 

l 



As already known, grasses constitute the major portion of 

elephants diet in the study area, though a clear grasslherb separation 

was often not possi,ble especially in ecotone areas. A close 

sxamination reveals that the elephants consumed at least sinall amounts 

of most of the plants found in the area. Grass species constitute 

major portion of its diet with slight variations by seasons. Besides 

leaves, the elephants consumed fruits and barks of a number of 

trees. Fruit of Ai.toccirpz~s l~et1~oyl7~yllus. Embliccr officincrlis. Fictrs 

l~ispicia, Fict~s spp., Mangfera indica, Psidium guajava, Helicteres 

isora were eaten along with twigs and leaves in the fruiting seasons. 

Bark of trees like Telia gannblia, Cordia myxa, Ficzrs hispida, Ficz~s 

SW., G~.e~t*iu teliufolih and Helecteres isorn are mostly eaten during 

suillnler and post-.inonsoon seasons. There seeins to be seasonal 

\-ariation in the use of these food items. However leaves, twigs and 

bark of plants are preferred in drier inonths when the availability of 

tender grasses is less. The variation in the use of different type of 

food plants by seasons was noticed; inore browse species were 

. taken during dry periods to that of wet inonths (Table 18). 

The elephants in the stud!. area have knocked down or pulled 

down some of the trees and consumed. Branches that have been 

twisted offand pal-tly debarked are characteristic of elephant feeding 

activit!,. If not debarked, the branches are often defoliated. Though 

their iltilization of evergreen forest is less, they often inalte path 

through forest for ino~ring from one place to another as obser~ed in 

African elephant. 



Table 18 

Seasonal variations in use of different species of food types 
of elephant 

Type Winter Suln~ner Monsoon Post monsoon , 

Grass 35 30 36 36 

Herb 17 10 8 3 1 

Shrub 7 10 6 11 

T1-e e S 13 13 6 20 



L! 10.1. WlNTER DIET 

During the  inter months, elephan 'feed mainly on grasses. i 
Hon.ever. herb$, shrub! and tree species are also included in their 

diet during winter. Of the total 91 species of food plants identified 

72 (78.02 %) species were used by the elephants in this period. 

Grasses for111 the ~najor portion of winter food B% (48.6 1 %) followed 
7v 

b! herbs (33.94%),a$ sl~rubs (9.72%) and trees ( l  8.05%)-Fig. 13. 
/' 

The grass species fa\-oured by the elephants during this period 

were Alloteropsis cin7ich0, .4pluda aristuta, Barlzbusa arz~ndinacea, 

Cj~rrococczrs osypl i~~l lun~.  Digitaria spp., Dinebra I-etroflexa. 

Elezisirze indica. El-agrostis bifcrr-ia, Eragr-ostis z~nioloids, Garnotia 

u~.undinacea, Heter-opogon corztortus, Kyllinga spp., Manisz~ris 

~1.n17~rla1.i~. 0chlcirid1.b so.ipto~.io, Pnniczl~n 01-evfoli~im, Parzic~on b 

1~1or7ta17tr171, Panic~r171 1.eyer7s, Paspalnz conjz~gatunl, Rottboellia 

e.\-olruru and Seturicr paln~!folia. Of these, Panicun? repens is the 

important food plant of elephant when they feed on the lakeshore 

and ~.1nhopogo17 spp. U-hen they forage on hilltops and slopes. 

The favoured herb species in winter months include Acl~yr-onthes 

uspe~.cr. Ageratzln~ cor7~~zoids. Bidens hurnilis, Desmoclium trfolium, 

Jl/.sticio spp., h4i17zosu pciz~dica, Urenci sirzuatu and Verrzonia 

ci17e1-eu a11d slil-zib species inculcle Helicteres isol-U, Phoenix huniilis. 

G~.e~t.iu aspel.ci. G/-e~viu teliaefolia, Rundia dz~rnetol-urn and Teliu 

go~nblin were most preferring tree forage of elephants in winter 

months in the study area. 
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Fig.13 Variations in forage types during winter 



\'. 10.2. SUMMER DIET 

The elephanf~ise less grasses in sulnmer months in respect 
I .g, 1 

to other seasons. A total of 63 food plant? used by the elephants in 
f 

this period, out of which 25 (39.68%) were grasses, 10 herbs 

( 15.87%). 10 ( 15.87%) species of shrubs and 18 tree species that 8: 
constitute 38.57% (Fig. 14). 

The favoured grasses were Cjqi71 bopogo~~Jlexzro~ IIS, Di17ebl.a 

I-et)-oflt-.\-cr. Here/-oyogo~ contol-tzrs. Pai~iczrm bi.evifoliu171, Pn~iczri71 

r.eyeils. P L I S ~ ~ ~ Z I I ~ I  C ~ I ~ J ' Z ~ ~ N ~ Z I I ~ ~ .  Set~rria paln~lfolia nncl Tl7e1nedcr 

tl-iu11clr.u \+.here as frequently using herbs were Ageraturn conyzoids, 

En~ilin s o ~ ~ c l ~ i f o l i ~ ,  J~rsticiu spy., and UI-ena sinuata. The use of 

trees ere observed more during these dry months and they mainly 

feed on trees like Telicr gcrr~~blia, Randia dzrmetorum, ,Vuesa indica. 

GI-e~vicr telinefolicr, Grelvia aspera, Fictrs spp. and Emblicc~ 

o . fficincilis. . 

V. 10.3. MONSOOK DlET 

The utilization ofherbs, shrubs and trees were found to be 

mii~iinum in rainy months, while the consulnption of grass attained 

its peak that constituted 61.28% while the consuinption of herbs 

coinprised 14.28%. The shrubs and trees were only 10.71% each 

(Fig. 15). The grass species mostly eaten by the elephants during 

this period were Allotel-opsis cin7icina, Apludc~ ar-istatu. Apocopis 

\~.igl?ttii. Ball7 brrsa cri.~rr7clinacea, Chloris spp., Cyr~~bopogun 
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Fig.14 Variations in forage types of elephants during summer 
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Fig.15 Variations in forage types of elephants during rnonsoon 



flexzlosz~s, Cynodon doctylon, Cyrtococczun oxypl~yllzi171, Digital-icr 

SW., Diineria spp., Dinebi-a retrojlexa, Elezlsine indicu, Erugl-ostis 

bifaria, Eragrostis unioloids, Garnotia arundinacea, Heteropogon 

contortus, I~nperatn cvlindrica, Manisuris granzllaris, Ochlunc~i~c~ 

spy., Panic11171 bi*evifi,/iz1117, Pnnicurn rnontanzlin, P~rnicunz i.epens, 

Paspalurn conjugatz11l7, Rottboellia exaltata, Setaria palrnijolia, 

Themeda cyrnbaria and Themeda traindra. and the preferred herbs 

include Achyrnnthes aspera, Ageraturn conyzoids, E171ilic1 

sonchlfolia, Jz~sticia spp. and Urena sinuata. The monsoon diet of 

elephants colnprises shrubs like Phoenix humilis, Helicteres isora, 

Entadn scandens and C i p ~ ~ ~ l e s s n  baccfercr. Only three tree species 

seinmed to have utilized viz. Appolonias arnottii, Grevvia aspern 

and Gre~via tileliaefolia. During this period the food of elephant 

comprised barks of trees like Helicteres isora. Gre~l~ia asl,e~.u, 

Grewia tiliagfolia and Telia garnblia. 

V. 10.4. POST MONSOON DIET 

Utilization of all types of food plants was maximum during 

post monsoon season. (Fig. 16). Elephants used on 36 (40.90%) 

species of grasses, 2 1(23.86%) species ofherbs, 1 l(12.5 1 %) species 

of shrubs and 20 (23.72 %) species of trees out of the total food 

plants identified during this period. Grasses like Alloteropsi.~ cimicino. 

Aplzlda or-i.rtnta, Apodopis vvighttii, Bambusa ai-undinacea, Chloris 

spy., Cy177bopogon jlexuosus, Cynodon dactylon, Cyrtococczrn~ 

osyphyllun?. Digitariu spp., Dimeria spp., Dinebru retrojlexn, 
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Fig.16 Variations in forage types of elephants during post monsoon 



Elcl rsine inclicci. El-ag~:ostis bifb~-icr, El-agr-ostis zrnioloides, Gci~.notia 

L I ~ . ~ I I ~ ~ ~ I ~ L ~ L ' ~ c I ,  Hete1.opogo17 C O I ~ ~ O I - ~ Z I S ,  Imperata cjllil~clric~i, 

. \ ~ L I I ~ ~ S L I I * ~ S  g ~ . ~ r t ~ ~ r l a ~ . i ~ .  O C / ~ / N I I ~ I ' L I  spy., Panic~1117 b~-evifol i~r~li ,  

P~itticzr171 I I O ~ C I Z I I ,  Po17icli11rre~ens. Paspnltim conjzrgcrtzin~, 

Rotthoc.llici e.-altcrtci, Setc~rin pnln~ifolia. Thernedci c1~n7hci1-ia and 

Tl~enie~l~l  tl.rnit~dl.u were mostly eaten. Herbs like Achyl.cinthes 

ti.,l~ei.~i. A ~ ~ I ' C I ~ Z I I I I  cot7~zords. IJ~cIens I I L I I T ~ ~ ~ ~ S ,  Cz~rczrligo o~-cl~ioides, 

Des111odizi17~ t1-iJolizr171. E171ili~r sonchifblia, Jzrsticia SW., iktin~oscr 

piirrtlicci, Sida col-cllfoliu, Stuchytarpeta indicu, Tephrosia pupurea 

and Urencr si~~zrcrtcr were preferred during this period. Shrubs such 

as C~rr-cun~n c ing~~~ t l f o l i~ i .  Helictere isol.a, Hackeria szlbpeltata. 

Phoet~is 11 umilis cind Solcinu~n tol.vzrr7.l and trees like Te14171inalia 

cl enz rlatcr. Rcir~dicr dzr111eto1.u177, Grelvia teliaefolia, Ficzis hispida, 

Ficus spp.. and Cn~-q:a or-bol-ea were consulned mostly during post 

monsoon months in Periyar. 

Out of the total food plants identified during the study period, 

as given in the table 19, lnaxilnuln dietary overlap with other two 

herbilrores, namelj. gaur and sambar, M.as in grasses (61.76%) 

follo\aed by shrubs ( 17.64%) uhere as it was lniniinuin in herbs 

( 1 l .76%) and trees (8.83%). Among the 36 grasses, elephant shared 

1 1 .  l l % with gaur. Dietary overlap of 23.80% with gaur and 9.52% 

with sambas in herb type food plants in Periyar. Elephant showed 

16.66% and 4.16% of o\ erlap in trees with gaur and sambas 

respectively. 



Table - 19 

Food types of elephant observed to be shared by Gaur and 

Sam bar in the study area 

Species Grass Herb Shrub Tree 

Elephant l l 10 6 14 

Elephant & Gaur 4 5 - 1 

Elephant & Sa~nbar - 3 - 4 

Elephant, Gaur 22 Sambar 2 1 4 6 3 



DISCUSSION 

The elephant population is under severe threat in India 

particularly in the southern parts. The unequal sex ratio will likely to 

alter and disrupt the population size and population structure of 

elephants. Thc demographic studies of elephants in Periyar have 

indicated that an unequal ratio between sexes of all age groups, 

particularly the adults. The proportion of adult tuskers formed only 
I " 

0.39 % of the total elephant population in Periyar, which is 
6 

d'isproportionate to that of adult cow ratio of 56.16 %. The ratio of 
5 

different sexes in other age groups of elephants is also unbalanced 

due to the stress of poaching. In south India, poaching for tusks is 

the greatest threat for survival of a viable population of elephants 

(Sukumar, 1985). 

The elephant population becallle 1noi-e female biased in Periyar 

today. The ratio betwken adult bolls to cow was 1: 6 during 1969 

(Kurup, 1971) and now it is 1 : 143 The sex ratio in the adult males 

to adult female elephant is already unequal, from 1 : 10 to 1 : 100 in 

the south (Sukumal-, 1985). The decline of the natural ratio is 

signiticant, since firstly, the skewed ratio obtained in adult age class 

and gradually the other age class naillely sub adult's and juvenile's 

ratios slanted. which indicate that there may be high pressure of 

poaching exerted on this population also as the offenders started to 

* C 



hunt on sub adults and juveniles due to the lack of enough bulls in 

the populations and it might be the reason for the skewed sex ratio in 

these age groups also in Periyar. In periyar, population is stressed 

with sex specific ino~tality than age specific lnoitality and the selecti~~e 

poaching leads to genetic erosion and could have serious effects on 

popillation. As long as the female nlortality is low, the population 

c o ~ ~ l d  still 1lai.e capacity to increase or remain stable in spite of 

decreased fertility (Sukumal-, 1989). Twenty percent of  the female 

and 65 % of the inale mortality in south India is due to human beings 

( S ~ ~ k ~ l l n a r ,  1989) and according to Daniel et. al., (1 987) about 80 90 

of the inortalit~. was due to huinan interference. This is true with the 

Periyar population since the major reasons for mortality are poaching 

and electric shock. 

The high rate of poaching and slanted adult ratio U-ould affect 

the birth rate of populations and the fecundity of inore productive 

population was between 0.20 and 0.35 in Southern India (Sultulnar, 

1985) and the present study showing that the fertility was only 0.081 

adult feinale i ).ear. In Periyar, there was no specific season for the 

birth of young ones even though lnaxiinuin calves were observed 

during post inonsoon months, supports the view of Eisenberg and 

Loclthart ( 1972) that there is no evidence of seasonality in the birth 
7 2 i i 

of elepliants. Tlie reduced number of breeding fernales could be the 
_- - ------ 

negati\.e trend in elephant population in Periyar. 



Makhnas are important in the population with low numbers 

of adult bulls, only two malthnas were observed in Periyar population. 

during the study period, and the lack of ~nakhnas makes this 

population more desperate. 

The availability of food and other factors such 'as rainfall, 

fire, and vegetation 'characteristics influence the herdsize and 

aggregation of elephants. The polynlodal distribution of herdsize of 

elephants was described by Nair et. al., (1980), Sukunlar ( 1  985), 

and Oli\.ier (1978). I n  Periyar, elephant herds have a tendency to 

become smaller in size and sn~aller herds M.ere frequently observed. 

Laurs et. al., (1975) described that the herdsize is a measure of the 

ecological health and large herd size reflects stressful conditions. 

There were no significant seasonal variations in the herdsize and 

smaller herds were observed throughout the year. However the 

aggregation was more during Inonsoon and post inonsoon n~onths. 

The difference in the seasonal lllean herdsize of elephants seems to 

be due to the environ~nental factors such as rainfall. The vegetation 

becon~e fa'a\.ourable in lnonsoon months, and hence resulted in to the 

aggregations of smaller units, as reported by Douglas-Hainilton 

( 1973). During wet months the habitat becoine inore congenial for 

the elephants since there is increased a\,ailability of forage during 

this period. There was no relation between herdsize classes and 

vegetations since all herdsize classes were observed in all seasons in 



di fferent types of vegetations. The tendency to form larser herds 

v-as observed in certain instance by reunion of smaller herds and 
; iL 

according to Eltringha~n ( 1980) the possibility of larger herdsize.due L 
i- 

to poaching pressure. The present studies indicated that poaching 

pressure is high in Periyar but the elephant doesn't have a tendency , 

to form larger herds. 4 

The herd composition of elephants is significant since the 

~najor component of herds were females and which have matriarchal 

social set up as described by BUSS ( 196 1 ), Laws and Parker (1 968) 

Douglas - Ha~nilton (1 975) and Oli\-er ( 1978a). However, the herds 

have disproportionate nu~nber of males and fernales in Periyar. 

The elephant herds were mostly without males especially the 

adult bulls and herds of females sighted co~nprised of  7 1.73% and 

herds \\-ith males 28 % in which all age groups were represented. 

.Among L- these, five herds \\-ere obbser\.ed with adult tuskers during 

the stud! period. McKay ( 1973) reported 60 % of herds without 

bulls and Sukumar (1985) found that 33 % herds n.ithoi~t bulls. 

3 l c K a  ( 1973) described that the association ofinales \\.ith the herds 

\\.as onl! for few days. 

During rainy seasons and post lnonsoon months, elephants 

feed mostlj. as small herds which ma: be due to the abundance of 

quality forage during,these periods and these herds %-ere found to 



unite to form as a single large herd on certain occasions, strictl!. in 

open habitats. Ishwaran ( 1984) and Suku~nar ( 1985) have reported 

that this could be the aggregation of different hinily units from 

extended family and has no long-term cohesion. 

In Periyar, elephants ~ ~ t i l i z e  a variety of habitats, of  ~ , h i c h ,  

the grassland, savannah and moist deciduous habitats were frequently 

used in all seasons probably because of the availability of  grasses in 

these habitats than that of dense forest habitats in the study area. 

Vacuvlenber~ ( 1977) described that the grassland was the most 

preferred habitat of  elephant and grass constitute about 80 % of the 

diet. The elephant was observed to spend a greater part of their 

activity in open-air habitat in Periyar. ,Eisenberg and Lockhart ( 1972), 
p,.( f 

McKay ( 1973), Olivier ( 1978) Ishwaran ( 1  983) reported the same J'- 
sort of activit!. in open habitats. Utilization ofgrassland was maxi~num 

during \\.et months which 111ay be due to the abundance of preferred 

food species in grassland vegetations is Inore in wet seasons than 

the drier months. Utilbation of habitat principally depends on water 

airailability and food abundance but in Periyar water is not a limiting 

factor and grassland patches M-ere distributed around the lake. 

Elephants of Periyar utilize grassland in all seasons, often in the 

ecotonal region of grasslands and forest. This gives them a variety 

of food plants. In sumlner months elephant herds retreat to lnoist 

deciduous forest habitat since the grass is withered and prone to 

fire. 



The polypl~agous nature of elephant has been described by 

Crawley ( 1983) and the herbivore is not adversely affected by the 

fluctuation in the. abundance of plant species. The intake of food by 

herbivore is influenced by the egetation height, bulk density (Chacon 

and Stobbs, 1976) and the biolllass (Shoi-t, 1983 ). Less use of dense 

forest area in Peri>.ar seems to be due to the shortage of food species 

and poaching pressure is 11101-e in dense forest pai-ticulal-ly in boarder 

areas of the reserve. However they often make path through forest 

for moving from one place to another an activity they share with the 

African elephant. In few occassions by the indirect e\,idences that ' - .  
f d  , .  

I .  the movement of elephant herds to the border areas during pilgriln ';' , e 

season and also recorded the crop raiding near Velliinalai region of , 

the reserve. Elephant avoided the plantations in the study area due 

to the shortage of diet diversity and constant disturbance. 

In moist deciduous forest elephant spent more time for feeding 

and feeding bouts was longer than that of grassland and savannahs. 

They spent Inore time' for feeding on a single species since species 
, , 

like Gre~tlic, tiliaefolia and Helicteres isora, which are, preferred 
/ ; 1 

food species in those habitats. According to Barnes ( 1983) elephants 

have longer feeding bouts on each tree than on each shrub and bulls 

spend more time than cows feeding on each tree or shrub, Present 

study did not adequately cover time budget aspect of elephants. 



The Asiatic elephant studied by Eisenberg and Lockhart 

( 1973) in Sri Lanka, described that they spent Inore time in grassland 

and forest 1 gra~sland~ecotone. As per the study the elephants tend 

to spend a relative]). large amoiint of time at the interfaces between 

forest and grassland. I t  seems to be due to the facts that they are 

able to feed on grass without venturing too far fro111 the relatively 

safe forest area and by t e d i n g  in an ecotone since the). get a variety 

of potential food plants during an! gi\,en period. The study area 

presents extensive ecotone area. The preference of ecotone by 

elephants \\?as also described by hilcKay (1  973), Olivier (1 978) and 

Ish\varan ( 1983, 1981). In Periyar, the forest- grassland 'interface' 

provides the elephants \vith their fa\.ourite food items, grass within 

reach and protection in the nearby forest. In Periyar the ecotone of 

orassland with nioist deciduous forest nearer to the Periyar Lake 2 

also seems to be advantageous to the feeding elephant herds. 

According to Owen-Smith ( '  1982) the dietary habit of 

herbivore is influenced b\. se\.eral factors including anatomical and 

ph~.siological characteristics of the animals, plant co~n~nuni ty  

structure and chemical constituents. Baile ( 1975) and Bines ( 1  976) 

reported that the food intake is also influenced by bod). weight and 

digestibilit! of the animal and according to Olivier ( 1978) factors 

such as food dispersal patterns, nutritive \ d u e  and toxicity are 

important in influencing the selection of food plants by elephants. 

The dietary preference of the two li\.ing genera of elephants probably 



also affected by their e\.olutionary histories (Ishwaran, 1979). In 
l\ Peri) ar elephants l i l  e in herds and the) a group and @eding 

i - 

on a variety of plants including grass, herbs, shrubs and trees thus 

elephant depends 011 both graze and browse in the study area. The 

ad\.antage of polyphagy has been described b>- crawly (1983). The 

rna-jol- h o d  of elephant co~nprises grasses, almost throughout the 

>,ear irrespective of seasons, thoi~gll it \vas lnore pl-eferl.ed during 

M.et months, namel~.  monsoon and post lnonsoon period. Hence 

elephant in Periyar prefers grazing to brows'ing as its digestive 

eficiency is low (Benedict, 1936). The relatively low energy costs 

associated with preparation and feeding on grasses might also favour 

orazing (Mckay, 1973; Ishwaran, 1983). Grass, sedges, legumes a 

hence form the major,part of its food and its daily require~nents is 

about 150 Kg. Per day (Vacuylenberg, 1977; Ish\varan, 1983) in the 

diet and its seasonal utilization. Importance of wood species was ' 

also mentioned by lacuylenberg ( 1977). 

Certain grass species M.ere inore freqilently used in the stud! 

area. For instance, species like Cynlbopogcin j7esuous, Cynodon 

clc~ctj~lon. Cyrtococcu111 o s ~ p h y l l u ~ n ,  Dit1eb1.n I-etroflexa. 

Heter.opogon contor-ILLS, Pcrniczun repens and Thenleda tricrndrcr 

were eaten throughout the !.ear in good quantity. Of which, Ponicun? 

1.epen.s u1as eaten M-hsn they are feeding along the lakebed. The 

move~nent of elephant to\\.ards forested areas from grasslands in 

summer clearly indicates the scarcity and low quality of grass during 
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l '  

t l~@~sriod as attributed b >  McKa~r ( 1973). Santiapillai et. al., ( 1984) 

and Suliu~na~. ( 1985). The qilality index however was not documented 

clusing the present study. 

Selective feeding on balnboo species was often noticed, 

i~suallj. elephant feed on leaIres, twigs, rhizomes and shoots of 

Bamboo species, but clusing drier months they u.ere uproot the young 

plants and searched for rhizomes and rarely the). consumed the inner 

portion of banlboo rhizome after peeling of its outer part, as observed 

by Easa ( 1989) in Parambikulam sanctuary. The detailed chemical 

anal) sis of grass species \\.as not attempted. The mineral contents, 

total ash and tannin content was high during wet months Easa ( 1  989) 

and decreased protein content of grass in dry season (Bax and 

Sheldrick, 1963; Sukumar, 1985). During the present study, the 

elephants did not take the grass Thernedcl cj-n.tbn~-ici in summer 

months. \\.hich may bz due to the low protein content on its leaves. 

Elephants mostly feed on b r o ~  se species during sulnlner months in 

Psriyai-, since the availabilit~, of grass species are comparatively less 

and also due to the low protein and fatty acids in graze species as 

attributed by Drl-sdale and Glo\-er ( 1964), Field ( l97 l ) and Sukuinar 

( 1985 ). Seasonal anci opportunistic species preference has been 

described by Crawle! ( 1983) and number of authors reported the 

seasonal difference in grazing and browsing ainong the elephants 



(BLISS, 1961 ; Bas and Shsldrick, 1963; Hanks, 1969; Field 1971; 

McKaq,, 1973; biyatt and Eltringham, 1974; Laws et. al., 1975; Guy, 

1975, 1976; Santiapillai and Suprahm, 1985; Sukuinar, 1985; Easa, 

1989). The congregation of elephants in open areas near the lakebed 

and their dependency on graze than the browse in Periyar support 

the findings of McKaj. (1973) and Kul-t (1974) that the ungulate 

orazing tend to be concentrated around \vater-holes during dry 2 

seasons. Grass height \\.as an important predictable ~rariable 

influencing elephant-use of grassland during the dry seasons 

(Ishu~aran, 1979). Olivier ( 1978) discussed the elephant's body size 

and dental structul-e haire specialized for feeding on grasses, but 

because of shortage of grasses during certain seasons they nlust be 

able to switch to alternative foods such as drv season browse. 

According to Olivicr (1978) since elephants do not have a rumen, 

they do not benefit from the synthesis of amino acids and vitamins 

b ~ ,  the rilmen bacteria, t h e  must feed upon a variet\- of supplementary 

species to provide the necessary range of nutrients. He has also 

argued that the anatomy of the elephant's digestive system makes 

them more sensitive than the ru~ninants to secondary co~npounds of 

toxic plant. This would then force the elephants to diversify their 

supplementary foods. Thus in the wet seasons the bulk of elephant's 

diet would be provided by grasses supplemented by s~nall  amounts 

from a range of other species. 



Besides leaves, elephant diets include fi-uits and barks in the 

study area. They feed on h i t s  of trees like Gnblico oBicia17n/is, 

A lc117gifL;ra inclicn. P.vic/iz/n~ gzlcljaltw. AI-tocolpzr.~ /~eter-opl7~~/1zu and 

l - f ~ l e c t ~ ~ . ~ ' . ~  ~ S O I ' N ,  \vhich 1vet.e taken along \\ ith twigs, and leaves in 

\+inter and early summer months. They feed on barks of G~eelvicr 

teliofi~lia, G~-e~t.icr aspe~,a,  Telin gamblicl. Rnt~dia dztnretol.z/m, 

Cc11.1.n u1.bo1-eo and Ficzrs spy. particularly during summer months. 

The elephants have knocked down or pull down some of the trees 

like G~.elvicr tilinfolia and taken its bark. Branches that have been 

t\ i  istsd ot'f'and partly debarked are characteristics of elephant feeding 

acti\.it~.. According to Vacuylenberg ( 1974) elephants pulling of trees 

enable it to feed on any desired part, but considering the amount of 

plant niatter destroyed and not used, it is a wasteful inode of feeding. 

I'his kind of wasteful feeding pattern was observed several occasions 

in the study area. The bark stripping by elephants has been reported 

by Bax and Sheldrick ( 1963), Croze (1974), Mvilliai~lson ( l975), Guy 

( 1975, 1976) and Olivier ( 1978). Elephants \\.ere known to strip bark 

most frequently at the start of the rains and in the wet seasons (Laws, 

1966; Croze, 1974; Lau S et. al., 1975; Vacuylenberg, 1977) and 

during drier ~nonths (GLI). 19676; Oli~ier,  1978). In Perilrar the bark 

stripping was frequentl>. observed during late suinnler months. Bark 

feeding constitute 20-35 "/ (Vacuylenberg, 1974) and McKay ( 1973) 

has reported that while 80 % of the leaves removed from tree and 



shrubs were 1ikel)- to bz eaten, only 50 % of 1eal.e~ and 20-25 % of 

bark remo\fed from tkes and shrubs seems to be eaten. Higher 

quantity of lenolic acids (McCullagh, 1973), lninerals such as  

manganese, iron. copper, boron (Doughall et. al., 1964) and calciui~l 

(Bax Sheldl-ick, 1963: Easa 1989) in barks are the reason probably 

for bark feeding of elephants. 



CHAPTER V1 

POPULATION STRUCTURE AND HABITAT 
UTILIZATION OF GAUR (Bos g(lllrlls) 

\ ' l .  1 .  SEX RATIO 

A total of 77 hsrds of gaur \\ere sighted in Peril ar during the 

r- 

stildy period colnpl-ising 539 individuals, of which 97, weie males, 
9 

361 females, 49 calves and 22 individuals were unidentified. The 

Gaits come to forage on the open gl-asslands in the late evening hours 3 

t l~ougl~ they are mostly confined to moist deciduous forest areas in 

rhc study area. 

Out of the total sightings the proportion ofinales were 18.33% 

\\.bile that of female was 68.34% and the calves 9.26%. The 

percentage of  unknown individuals u.ere 4.1 S%(Table. 20 and Fig. 17). 

Thus the ratio of lnale to females was 1 : 3.5. It seeins that there were 

38 adult bulls for 100 cows in Pei-iyar. In subadults the inale to 
9 

female ratio was 34: 100 (Table 21). The adult bull constituti$12.83% 
L, ,h 5 

to that of 45.73% CO\\-S. The sub adult male/5.48% lvhile the sub 
6 

adult fe~nale was 23.19% and 0.20% of calves to adult feinales. The 

coinposition of different sexes seems to be almost stable during the 

stud\ period but adult's calves' ratio varies with seasons. 



Table - 20 

Proportion of clifferent sex group of Gaur in Periyar 

Sex group Number Percentage 

97 
;t 

Male 18.W ' 

Female 36 1 68.24 " 

Calves 49 9.26 

Table - 21 

Proportion of clifferent age class of gaur in Periyar 

Class Male Female % Sex Ratio Proportion of  
M: F M to F 

Adult 6s 342 58.60 I S :  100 

Sub adult 29 119 27.97 34: 100 
// 1: 4.1 

(? 

Calves - 1 - 9.26 - /:0.20 * 

Unknown + 

-of, - :.,-l h 

Proportion of calves to;feinale 



+ Percentage' 

0 
Male Female Calves Unknown 

Fig.17 Percentage of different age groups of gaur 



V1.2. BIRTH OF YOUiVG ONES 

Brander ( 1933), Stebbing ( l9 l I ) and Sanderson ( l  91 3) have 

reported that most mating occurs in December to January and calves 

are born in April, May and June. According to Morris (1937a) the 

peak rutting period in southern India is from November to March. In 

Periyar during the study period the calves were observed in all months 

\v i th  peak in Septeinber to December months as shown in the 

table 22. 

V1. 3. MORTALITY 

Rinderpest, foot and ~nouth and anthrax are widespread 

causes of death of gaur in India. Rinderpest has been reported fi-om 

j011th India by Anderson (1954) and from central India by Baker 

( 1890) and Stewart ( 1938). Foot and nlouth disease reported by Ali 

( 1 953 ) and anthras bj. Peacock ( 1 933). In Periyar the rinderpest 

killed hundreds of gaur in 1970s. However, during the present study, 

there \*.as only one incidence of gaur being killed ofrinderpest disease. 

In the stud). area, gaur is one of the prey species of tiger 

svictenced by tiger kill and from the anall.sis oftiger scats. Poaching 

is another threat for the survival of gaur as per information gathered 

from local people and tribes. Due to the lack of sufficient data on 

mortalit). the age u i se  and sex wise tnoi-tality is not encountered. 



Table - 22 

Seasonal difference in different sex group of gaur 

-T ,'- 
Season Bull Con- Calve Unknown Cl + 

, - 

C 

Monsoon 20 72 9 7 



\ / l .  4. HERD SIZE COMPOSITION 

Of the total 77 herds of gaur sighted during the study period. 

caur herdsize c.aried from 1 to 38. The largest herd sighted had 38 
L 

individuals. The gaur herds are classified into four herdsize classes. 

class l ) 1 -5,:)  6 - 10,3) 1 1 - 1 5 and 4) group \vith abo1.e 15 ii.~dividuals. 

Q*, ,! The class l#ormed 36.36 % of the total sightings fol1owed"the class 
J i 

2 ii~ith 33. 76 % while the class 3 and 4 had 24.67 % and 5.19 % 

respectii,ely (Fig. 18). The average herdsize recorded for Periyar was 

7 .  In~rerarity ( 18S9) reported that an average herd of gaur contains 

13 to 30 animals. Brander ( 1923) observed 8 to 1 :! individuals in a 

herd while Russel ( 1900) found 10 to 30 and it was about 12 according 

to Sanderson ( 19 12). Schaller ( 1967) reported the average herd size 

of gaur in Kanha being S to eleven. 

Of the total observation, lone animals were observed 16 tiines 

i~.hich was 30.77 % of the total sightings. The herdsize seeins to be 

smaller i n  Periyar since the nlaxilnunl herds observed belonged to 

smaller classes. The larger herds of gaur were mostly in open habitats 

like grassland, sa\.annah and moist deciduous habitats (Fig. 19). The 

obseri ed frequenc ies and expected frequencies of different herdsize 

in different vegetation t!pes is given in the table 33 and table 23A 

ivhich indicated that there were no I I I U C ~  \xiations in the size of 

herds in different types of vegetations (X' = l  1.3477, df = 15, P > 

0.0 l )  though the largest herd was sighted in the moist deciduous 
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Fig.18 Percentage of different herdsize pattern of gaur 



Grassland Savannah Moist Semi Evergreen Plantation 
Decidous Evergreen 

Fig.19 Herdsize variations of gaur by vegetations 



Table - 23 

Het-dsize \,at-iations of gaur in different vegetations in the 
study area 

Class / Habitat 1-5 6-10 11-15 Above 15 

Grassland 6 6 5 - 3 

Moist Decid~~ous 9 4 7 - 3 

Semi Evergreen 4 8 - 7 - 

Evergreen 3 7 1 - 

Plantation 3 -.- m 1 a >  C - C- 
- FT-/-X - - - - 

9 ,  '? 5. ' 2  -. -- .. ---.--C----" -- 
Percentage 36.36 3 3 . 7 g  24:676 l 5.19 

Table - 23A 

Herdsize variations of gaur in different vegetations 

in the study area 

Expected frequencies 

- - 

Class 1 Habitat 1-5 6-10 11-15 Above15 

Grassland 6.909 1 6.4 156 4.6883 0.9870 

Savannah 4.7273 4.3896 3.2078 0.6753 

Moist Deciduous 8.0000 7.4286 5.4286 1.1429 

Semi E\,el-green 5.0909 4.7373 3.4545 0.7373 

E\.ergreen 2.1818 2.0260 1.4805 0.3 1 17 

Plantation 1.0909 1.0130 0.7403 0.1558 



forest. However, the mean group size varied slightly by season, the 

mean group size w.as maximum during monsoon (7.2) and post 

monsoon seasons ( 7 )  and minimum during \\.inter and dry months, 

6.9 ancl 6.4 respectii sly which might be due to seasonal fluctuation 

in the availability of forage in the study area as showed in Fig. 20. 

E3~1lls \I ere observed \L it11 all herds, thouch maximirm number 

ol'bulls \I. it11 herds \\as observed during sulnnler and post-monsoon 

months. According to Schaller (1967) 65 % of herds were 

accoinpanied by a black bull. 011 few occasions the herds with more 

bulls were found splitting into two or three groups and each group 

moved in different directions with accompanying bulls. Very little 

data is available about this breaking of gaur herds and their reunion. 

However this group breaks up seems to be related to the availability 

of food as observed in elephants. 

\'l. 5. HABIT-4T PREFERENCE 

The gaur is a forest animal, coining out to the meadows only 

to eat and drink during the hot season after its forage in the forest 

has been burnt and the streambeds are dry (Schaller, 1967). In Periyar 

zaur was using a variety of habitats namely grassland, savannahs, 
U 

1110ist deciduous forests, senli evergreen forest, evergreen forest and 

plantations. The distributio~~ of the species in the study area has 

indicated that the gaur preferred both open habitats and forest areas 



Post Monsoon 7 

slMGS l 

Monsoon 7.2 

Summer 6.4 

Fig.20 Seasonal variation in mean group size of gaur 



ho\\.e\.er there was no significant association between the utilization 

of different habitats and season in Peri! ar ( X '  = 9.0700, df = l  5 ,  P > 

0.0 1 ) though the preference was cornpal-atively inore towards moist 

deciduous forest habitats, observed frequencies and expected 

frequencies is in  the table 24 and 24 A. 

Of these 77 herds, 19 \\.ere objsr\.ed in grassland and 13 in 

sa\.annahs. The largest number of herds with a fi-squency of 32 were 

obser\.ed in moist deciduous forests. \\.here as 14, 6 and 3 herds 

were sighted in semi evergreen, eiergreens and plantations 

respectively. Thus the percentage of utilization of inoist deciduous 

by gaur seemed to be nlore than other habitats which conlprised 

28.57 % followed grassland with 24. 67 % while plantation areas 

were least preferred w.ith 3.84 %. The preference to dense forest like 

evergreen and senli evergreen forest constitutes 18.18% and 7.79% 

respectively. The percentage of preference to savannah coinprised 

16.88% (Fig.2 1 ). 

The gaur is an animal of open forest, the moist deciduous 

forests, in Periyar. The sight records have shown that maximum 

herds were observed during post-monsoon and monsoon seasons 

with a peak in post-monsoon months with 13 herds in moist deciduous 

vegetation. \Vhile using the grasslands the gaur-preferred hilltops 

like Ka\.alppara and their slopes to those on the laltebed in Peri!.ar 

(Plate VII), ma!r be due to the relativel! less disturbance. Schaller 



x ~ b l e  - 2 1  

Scasonal \,ariatiotl in the use of  different habitats b>, gaur 

I-labitat Vl~aer Siunmer Monsoon Post monsoon O/o 

4 3 -7 4 " 18.18 Scmi I<\ t.rgrce11 T 

If \ crgreen 7 - 1 1 - 7.79 3 

Plantation 1 2 7 3.84 

/ C! C 

?/) 

Table - 24A 

Seasonal variation in the use of  different habitats by gaur 
Expected frequencies 

Habitat [\/inter Summer 1 ionsoon Post Mori 

Grassland 3.2078 2.7143 3.7013 9.3766 

Sa\~annali 2.1948 1.8571 2.5325 6.4 156 

Moist Deciduous 3.7143 3.1429 4.2857 10.857 1 

Semi E\.esgreen 2.3636 2.0000 1.7273 6.909 1 

€\.er, (rreen l ,0130 O.Sj71 1.1688 2.9610 

Plantation 0.5065 0.4286 0.5844 1 .A805 



Grassland Savannah Moist Semi E,iergreen Plantation 
Decidous Evergreen 

Fig.21 Number and percentage of occurrence of 
gaur in various habitats 



Plate VII 

Gaur feeding on the grassland 



( 1967) also mentions that the gaur apparently preferred hilly terrain. 

Ho\ve\:er herds were fi-equentl j. obser\.ed on the lakeshore near places 

like Edappalayam and Mullaltudy in the evening hours especially in 

the ecotone areas. 

Utilization of grasslands and savannahs by gaur during drier 

months u r a s  less when compared to that of the other seasons and 

during this period they'are observed moving towards inoist deciduous 

and semi e\!ergreen habitats where browse species are more. In 

Periyar, the gaur does not prefer plantations. They spend lot of time 

for feeding and resting in the interface between forest and grassland. 

This Inay give them protection as well as provide thein with a variety 

of food plants, which may be reason for their use of this ecotone 

and gaur was often feeding with elephants in this type of habitat in 

the Periyar. 

The open habitats like grassland, savannah and moist 

deciduous forests coinprised only in sinall proportion in contrast to 

other dense forests habitats. The grassland and savannah having 

onljr 1.6% of the total area whereas the utilization of these habitats 

by gaur was lnaxiinuin (41.55%). The gaur utilization of inoist 

deciduous forests was 38.57%, while this habitat's proportion was 

only 13.98%. The less preferred habitats like semi evergreen and 

evergreen forests consist of 36.42% and 40.39% respectively though 

the use of these vegetations were rninilnuin with 18.18% and 7.79% 

in the study area (Table 15 & Fig. 23). 
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Fig.22 Proportion of different habitats and percentage of preference to 
each habitat by gaur 



V1 .G FOOD HABITS 

Obser\lations 1m.e sl~o\\ln that the p u t -  took a variety of food 

plants as gi\.en in the table 25. Of these, largest numbers M-ere grasses 

58.1 0% ( n  = 43). The percentage of consumption of herbs and 

sl~subs comprised 24.33% ( n  = 18) and 10.8 l % (n = 8) respectively. 

They sho\~.ed little preference to tree species (6.75%) (n = 5). 

Among the gi-ass species, C ~ ~ I J ~ S O ~ O ~ O I ~  SW., E I - C I ~ P ~ O S ~ ~ S  

A;/~II.~LI. GLI I . I IO~~CI  C I I - L I I ~ L ~ ~ I ~ C I C C ' U ,  Heter-opogu17 C O I ~ ~ O I - ~ L ~ S .  1177per-ut~ 

c~~lit7dr.eca. Par7icz1117 repens, Penrzisetzrrl~ I7ohenucker-i, Setariu 

ii1rer-117ediu and TI7ernicln tr-iandr-cl were ~nostly taken by the gaur. 

I'he most favoured herb species \\/ere Cnssio occidentc~lis, Erliilia 

sor~ch[fo/icr. Sictc~ /7~117zi/is, UI-enu Iobcitci and shrubs included 

Helecteres isor-a, Solanzr1~7 sisyn7D1.ifolium and Solunzrrn torvurn. 

The proportion of different types of food plants taken by 

gaur varied seasonally though the association was not predoininant 

(X' = 9.81 13, df = 9, P> 0.01). As given in the table 26, they took 

maximum grass species during wet months (June- December) and 

minimum during summer months. Consequently the preference to 

bsowse species attained maximum in dry inonths (52.63%) while it 

\\as lo\\ (35%) in rainy season in the study area. The propoi?ion of 

orasses consumed during rainy seasons was 75% and in suininer z 



Table - 25 
Food plants of gaur in Periyar 

Food Plants Family J F M A M J J A S O N D  

-4 chj~/.crflies bidentata 

.4ge1-~lt~l/ii corgzuicJe~ 

A4110ter-oysis cinlicincr 

.-IpIllcIL/ ~ll.i.('tL//tl 

.-ipocopls 11.ighfi1 

Aristolochia indicct 

Arthruxon quurtianiunus 

Cunthitrn~ uugustifoliun~ 

C'cr~-ej*tr rrrboreu * 
C U S S ~ N  occidentulis * 
Centellcl tr.~irrtica * 
Cipadesscr bucczfera * 
C'hrysopogon spp 

C'ois Icrchrynitr jobi 

Amarantaceae 

Asteraceae 

Graminae 

Graminae 

Graminae 

.Aristolcchiaceae 

Graminae 

Rubiaceae 

Lecj.thidaceae 

Caecalpinaceae 

Umbiliferae 

Meliaceae 

Graminae 

Graminae 

C:\~mbopogoii fleszrosus Graminae * * * * 

Cj~nodoi~ ducfylon Graminae * C 

~~i* tococczn~z  muricatum 'Graminae * * * * 

/ C~~~-rococcuni oxyphyllurn Graminae * * * 
Graminae 

Gran~inae 

Graminae 

Asteraceae 

Graminae 

Asteraceae 

Leguminaceae 

Graminae 

1 El-ttg1.usri.s lrnioloides Graminae I E~.crgrostis ~villdenoviana Graminae 

Fleminyio brcrcteofo Fabaceae * * 1 



Garnoticr crr~rmdinrrceu 

Globbn bzrlbifirn * 
Grel~.icr tiliuclfblia 

Helecteres isorcr * 
Heteropogon conrortta 

Hihi.~ctr.s hcrr.hc~tzrs * 
Hibisczrs lobartrs 

! 
Ii~~pei.orlr ~yliii~li~ice~ 

lschuemlm? ciliure 

) bchamirrn~ pilosrr17r 

, Kj~lliiigi~i .spp. 
I 
l 

Ll(re.scr yei.i-otretirrnrr 

,\d(rniszri-is gi.~iiirI~r~is l - 
l 
I -\/~r~iecj.lon etllrle 
l 

1 \,lii~~o.ru pinlico 

/ Olen elioiccr 

Graminae 

Sterculiaceae 

Graminae 

Malvaceae 

Malvaceae 

Graminae 

M!-rsinae 

Graminae 

Meiastomaceae 

h~limosae 

Oleaceae 

Graminae 

Graminae 

Graminae 

Graminae 

Graminae 

Fabaceae 

Rubiaceae 

Graminae 



Setaria internledic~ 

Sida humilis 

Siclcl 1.honibjfbliu 

Solc~num sisyn~brjfolizmz * 
Solc~nurtz torvtrrn 

S'orobolz~s spp. 

Stachytarpera indica * 
S~~t~etb-ellt~ nodij1ut.u 

Tliernedcl cyn~bclrin 

Tliernedcl tric~ndrc~ 

li.enr~ lobrltcl 

Graminae 

Malvaceae 

Mal\.aceae 

Solanaceae 

Solanaceae 

Grall~illae 

Verbenaceae 

Asteraceae 

'Graminae 

Granlinae 

Mal\.aceae 
9 l i ~ 1 7 a  sin11uru b1a1\ aceatt 

I 

1 

* Direct observations 
L 



months it was 47.36, which s11ou.s a clear preference to graze and 

bl-owe species in different seasons (Fig. 23). 

- 2 , ;, . r '.l 
Out of the total food plants, the dietary overlap with other . ,/ 

/-- 

species, elephant and gaur. Amon: grasses overlap with elephant 

\vas 9.3O0/0, 33.25% with sambal. and between these three species 

cor~stitiited 48.83% of overlap. Onlj- 18.60% of grass type food of 

oaur has no overlap with other herbivores in Periyar (Table 27). ZJ 

Maxim~un overlaps in shrubs speciss (75%) between these ungulates 

is probably due to less number of salnples (n = 8). Ainong the total 

food plants of gaur (n=74), overlap between these three ungulates 

was 45.94% while, 29.72% nith sambar. Minimum of 10.8 1 % overlap 

with elephant and 13.5 1 % of food pla~lts are not shared with elephant 

and sainbar. 



Table 26 

Seasonal variations in use of different food taxa of Gaur 

-1-1 \I1inter S~~nlrnel- hlonsoon Post  nons soon 
-- 

Grass 3 1 I S 30 3 1 

I-lerb 8 10 3 S 

5 S 5 Shr~lb 
- 
3 

Trees 1 - 9 7 4 

Table 26 A 

Seasonal variations in use o f  different food taxa of Gaur 
Expected frequencies 

Type Winter Summer Monsoon Post inonsoon 

Grass 2 1.739 1 23.6025 24.8447 29.8 137 

Herb 6.3043 6.8447 7.2050 8.6460 

Shrub 5.0000 5.4386 5.7143 6.8571 

Trees 1.9565 2.1242 2.2360 2.6832 



-o- Grass 
-m- Browse 

0 

W~nter Summer Monsoon Post monsoon 

Fig.23 Seasonal variation in diet of gaur 



Table- 27 

Dietary overlap of Gaur with other herbivores in Periyar 

Grass Herb Shrub Tree % 
* <,; 

Species P 

7 
Gaur 8 2 - - 13.51 

Gaur & Elephant 
, . 

Gaur & Sainbar 10 8 2 2 29.72 .i 

I 

Gaur. Elephant & Saillbar 2 1 4 6 3 45.94 



DISCUSSION 

Gaur has a matriarchal social set up and it largely focused 

around the adult females (Wroblenski, 1927). The gaur herd usually 

consists of adult bull, adult cow, sub adults, yearling and calves 

'(Belsare et al., 1984). During the study period individuals in the gaur 

herd composition classified as adult bull, adult cow, sub adult and 

calves. In Periyar the herd was female biased as reported in the 

bison (Wroblenski, 1927). The proportion of adult females comprises 

45.74 % and that of male 12.85 %. Thus the ratio between adult bull 

to that of cow l : 3.5 or 28 bulls for 100 cows. Sub adult female 

have an influence on the herd structure since they come in greater 

proportions besides adult cows. 

The slanted sex ratio favouring the females in Periyar 

supported the findings of Schaller (1967). The distorted sex ratio 

favouring feinales was observed by Vairaveli (1 998) during his studies 

on Parainbikulain population. The ratio between males and females 

by birth assumed to be equa&challedl 967) thus, the difference in 

the inale and feinales ~nortality could be the cause of this skewed 

sex ratio in Periyar as attributed by Belsare (1 984) that the probable 

cause for the decrease in proportion of adult males to females may 

have been selective predation on males or mortality from bull to bull 

combat. Krasinki (1 978) observed that inale lnortality in European 
,P 

bison@bout 69 to coinparatively poor nutrition, particularly 



the first year of life. The differential activity pattern of males~dispersal 

activit! than fenlales and need for more food due to its higher 

metabolic rate could be the factors responsible for the difference in 
I 

the mortality anlong population in the study area as described 

bv Klein ( 1970) in bison. However the effect was not significant 011 

population, due to its slanted ses ratio. because of polygatnous nature 

o f  adult bulls. The age \\rise mortality ivas not estimated during the 

present stildy even though hairs of gaur obser\.ed in the Ti, 05s scats 

probabl! of calves. Hence the predation pressure seems to exert on  

cal1.e~ in Periyar, inostly on males due to their independent activity 

pattern as described by Klein ( 1970). 

The breeding season of gaur varied considerably in different 

areas and was not confined to one period (Brander, 1933). This 

suppol-ts the present study that the birth of young one has no pa~-ticuIa~- 

season e\.en though ~nax i~nu in  numbers of calves were noticed during 

late siunmer and post inonsoon months. Stebbing ( 19 1 l), Brander 

( 1 9 1 3). and Sanderson ( 19 1 2 ) have reported that most matins occurs 

in December and January and calves are born in April, May, June 

and it was during November to March (Morris, 1937a). The peak 

birth season (September - December) in Periyar helps the subsistence 

efticac!. of gaur popu'lation since comparatively low temperature. 

a\.ailabilitj. of Inore food resources and forest cover during these 

months. The higher temperature adversely effects the animals as 



dsscri bed L?!. Brody ( 1945) that poorl! developed l ~ o ~ n o e o t l ~ e r ~ i ~ i c  

mscl~anism in newborn ~nammals. Ths fertility of gaur population 

\ \ a s  encou~ltered as 0.30 per adult fenlale per year in Per i~ar .  The 

fciundity of more productive populat io~~ was in-between 0.30 and 

0.35 in Sot~thern India (Sultu~nal-, 1985) since the present Periyar 

popiilation seeliis to be more producti\.e. 

The most frequently observed herd size was in-between 3 - 

10 and the largest herd obser\red had 38 individuals. The average 

herdsize of 7 in the study area suppoi-t the tindings of Schaller ( 1967), 

Bclsare et. al., (1984) and Dwi\.edi and Shukla (1988). Thus the gaur 

population has a propensity to become smaller in their lierdsize which 

disagree the findings of In\.erarity ( 1889) that the a\.erage herdsize 

was 13 to 20,, RusseI( 1900) l 0  to 30 and (Sanderson, l 9  12; Brander, 

1923) about 12. 

The larger groups observed in the study area could be the 

aggregations of smaller units since these herds were noticed in 

orassland and moist deciduous \.egetations where adequate supply 2 

of forage is available. This kind o f  aggl-egations was also described 

bj. Di\.i\.edi and Shukla ( 1988) in gaur and Krasinki ( 1978) in European 

bison. The solitary bull constitutes 30.77 % of the total sightings 

and l o i~e  iridividuals were well builded and healthy, which disagree 

the concept of Fuller, (1960) on American bison that the solitary 

bulls \\/ere unhealthy with advanced age. Vairaveli ( 1998) argued that 



the solitary bulls he met at Parambikulam were healthy as observed 

in Peri!,ar during the present study. 

Males were obser\.ed \8,ith all herds though few herds were 

\\ ithout adult bulls. h4ore adult bulls \yere noticed along \\,it11 herds 

during sumlner and post monsoon months. Schaller ( 1967) reported 

that 65% herds were one bull accompanied in Kanha. In the study 

area, 3 herds with nlore than one bull were found splitting into different 

groups and each accoillpallied by a bull. Little observations were 
C 

carried out on this breaking of gaur herds and their reunion. However 

this break up seelns to be related to the availability of food, since 

these obser\rations made in the grassland- forest interfaces. 

The influence of \,egetation on herdsize seelns to be 

insignificant. However larger herds were observed in moist deciduous 

and grasslands and all herdsize class were maxiinum in the moist 

deciduous habitats. The mean herdsize varied with season in the 

study area, which attained inaxiinuln during the inonth June to 

December probably due to the alrailability of lush green forage in 

this season in Periyar. Thus the forage availability and environinental 

factors like precipitation seeins to influence the herdsize formation 

of gaur in the study area. 

In Periyar, gaur use a variety of habitats and u.hich they show 

preference to certain habitats over others as described by McNaugton 



and Georgiadis ( 1986). Herbivores are not evenly distributed across 

:I region \\.bile foraging, but rather favour certain habitat types over 

others and rhe wild ungulates move seasonally in response to their 

temporal abundance and qualit>. of forages in different portions of 

their ranze (McNaughto~i, 1987). The preference was mainly 

deter~nined in terms of availability and diversity of forage and \\.ater 

sources in the study area \vhich supported the explanation of Sinclair 

( 1975) and Sinclair et. al., ( 1979) that the preference of a gil-en habitat 

type is largely deter~nined by the available vegetation within the area, 

food, water. minerals, shelter from clilnatic extremes and cover from 

predators. 

Alllong the available habitats, moist decid~lous type was ~ilost 

preferred b>- gaur followed by grassland during lnonsoon and post 

monsoon months since grass, herbs, and various browse species 

\\.ere abundant in inoist deciduoc~s vegetation M-hich comprised the 

bulk of its dift. The lush foraging conditions besides sufficient shade 

for resting appeared to be the most important factor influencing the 

habitat use of gaur in Periyar. The preference of European bison to 

mixed deciduous and deciduous forests was explained by Krasinki 

( 1978). It is noteworthy that the preferred habitats viz. nioist 

deciduous forests and grassland have proportionately sinall area in 

the reserve in contrast to other type of vegetations like evergreen 

and semi evergreen forest areas. 



The time budget study of gaur was not atte~npted during this 

stud!. but they are found to spend considerable time for feeding and 

\ ~ h i c h ~ \ ~ ~ a s  observed ~vi th  maxim~~m duration in the mornings and 

late c\ ening hours, continuing the observations made b! Krishnan 

( 1972) in Mudumalai \\.here the animal actively engaged in feeding in 

the morning and eirening hours. This feeding pattern was very 

conspicuous in places like Edappalayarn lakebed and the!. are found 

setrearing into the forest patches during midday's, probabl!. for resting 

in the shade. Hence the temperature also seems to be the influencing 

the feeding activity pattern of gaur in Periyar. 

In Periyar all types of habitats were utilized by gaur during 

wet months with the exception of selni evergreen habitat. which was 

used more during winter months. The seasonal difference in habitat 

use b! gaur in Kahna and its relation with food and u-ater availability 

was reported by Schaller ( 1967). In Periyar they heavi1)- depend on 

urassland during wet months and this dependency last up to the late 3 

post monsoon months. During dry lnonths they retreat into the forests, 

inostl!. the moist deciduous forests, support the obser~rations of 

Krishnan (1972) that ,the gaur exhibits seasonal lnoveiilents at the 

onset of rains and confined themselves to swalnpy areas in surniner. 

In the study area the seasonal variation in the habitat use Ivas related 

to the a\ ailability of forage, as explained by Krasinki et. al., (1987, 

1992. 1995). Moveinents of bison between summer and winter ranges 



L\ as described by McHugli ( 1958), Meagher ( 1973) and Van \'uren 

( I c)S3), L\ liile using the grassland the gaur preferred hilltopr; like 

ICavalapp~~ra and their slopes than those on the lakeshore, may be 

due to the nature of the terrain and the relatively less disturbance of 

1-11s gaur spent considerable time for feeding and resting in 

the ecotone and this ~na!. give them protection and provide them 

L \  it11 a \,aric.tj of forage in these interfaces. Their preference to semi 

evergreen habitats was more than that of savannah type vegetation 

and percentage of utilization of evergreen forest constitute only 7.79% 

\j.hilts least preference was shown to eucalyptus plantations due to 

the shortage of forage and disturbances there in. The lnonoculture 

plantations unproductive for gaur resulting in extensive habitat loss 

as described by Conry ( 1989). 

The forest fires have little inlluence in the inoveinent of gaur 

in the stud!. area since aggregation of gaur was noticed in the burned 

areas after the first or second showers. It supports the conclusion 

of Cainpbell and Hinkes (1983) that Inovelnents of bison can be 

inlluenced by fire. The preference of bison for burnt areas to unburnt 

areas was also repel-te'd bj. Pyne ( 1984) and Vallentine ( 1989). 

The anatomical and physiological characteristics of the animal, 

coinmunit!. structure of the plants and its structural and chemical 



constitilents (Owe-Smith. 1982), and body weight, gut size and the 

digestibility (Baile, 1975; Bines, 1976) are the factors known to 

infli~cnce the herbivore's diet. The gaur diet includes grasses, herbs, 

s11r~l.j and trees in the study area, which indicated the polppl&ous '/ 
t 

feeding habits of this species. This polyphagous nature of gaur was 

describsd by Schaller (1 967) in Kakna and Vairaveli (1998) in 

Parambilkulam. This pol~.phagous mode of feeding is advantageous 

to the ani~nals that can forage inst on ternporarily abundant 

food species (Crawly, 1983). 

The food plants identified in the field and by micro histological 

anal\.sis of droppings has shown that grasses constitute the major 
+, ' .,/ <, 

portion of the diet of gaur throughout the year,'indicate that the gaur 
t 

is lllostly a grazer, obviously depending on grasses for their 

requirsments especially during monsoon and post monsoon months. 

This ssems to be due to the abundance, palatability and high protein 

content of grasses during afore mentioned period. Tropical grasses 

have a specialized leaf anatomy, higher growth rate and nitrogen use 

efficisncy (Morton, 1983) and the acculnulation of starch and 

pol~.saccharides in grasses are easily digestible while tannins and 

aromatic colnpounds decrease the palatability of browse species 

durins \vet months. The dietary pattern of gaur varied in different 

months of the year, the illaxi~nuln grass species are eaten during 

monsoon and post monsoon months. The browse species on the 



other hand s1.e most frequently taken during summer months. The 

crucls protein content of brows species was u s u a l l ~ ~  1nirc11 iiielie~. L 

than the grass species during summer m o ~ ~ t h s  (Hobbs et. al., 198 1 ;  

Varma et. al., 1983). Thus gaur depends considerably on browse 

species during drier inonths in Pel-iyar. 



CHAPTER V11 

POPULATION STRUCTURE AND HABIT-4T USE OF 
SAMBAR (Cerv~rs unicolor) 

VII. 1 .  SEX RATIO 

The Sambar (Cei-1.~1s 1117icoloi*) is nfidel y distributed in the 

forest of Southern Asia found in a wide variety of habitats and is an 

animal of high tolerance (Schaller, 1967) In the study area salnbar 

was observed singly and in herds. It spends most of the time in tall 

grasses, savannas' and inoist deciduous patches and coines out to 

feed in the open areas in the late evening hours. This Inay be a 

predatory avoidance mechanism as most of the predation on salnbar 

by Wild dogs, the niajor predators, occurred during daj.tinie. In 

most of the sightings of sambal; adult female accolnpanied by another 

individual. Herds of sambar were sighted at different habitat except 

in evergreen forests. On the whole a total of 1 198 individuals were 

observed during the stud\- period, which consisted of 330 males 

and 8 10 females. (Table. 28 & Fig. 24). Altogether 168 juveniles 

and fa\\.ns were sighted. The sex ratio between males to females was 

1 3 . 6  and 37 males for 100 females. The sex ratio val-ied significantly 

which favour the females. The propostion of male was 18.36 % 

while that of females 67.6 1% and the proportion of juvsniles and 

fawns consists of 14.03%. hlonthly frequencies of different sex group 

of sainbar indicated that the fawns comprised maximum during 

nionsoon months as showed in the figure, 25. The sex ratio was in 

favour of females in the study arca. 



Table - 28 

Population structure of sambar in Periyar 

Age g~.ottp llontll Jan Feb h4ar Apr May Jut1 Ju l  Aug Sep Oct h o v  Dec Total % 

..\dult tnale 1'7 S 9 17 1 1  32 1-1 17 49 S 18 15 S10 lS.36 

Adult Female Sl 30 17 67 3 98 52 121 IU 51 W 41 71067.61 

Ju\eniles L! I=au.tl 6 - - 3 4 - 1  64 26 17 S 1 168 14.01 



0 
A d ~ l t  male 

+ Percentage 

Adult female Juvan~les &fawns 

Fig. 24 Percentage of different age groups of sambar 



+Adult Female 

Fig.25 Proportion of different age class of 
sambar by month 



1'11. 2 YIORTALITY i' 

Predation, disease, poaching and touris~n are the 

responsible for the moi-tality of sainbar in Periyar. Of which, predation 

is the major cause, about 90% of mortality is due to predation, 

especiall). by tiger and wild dogs. Kurup (1972) has recorded that 

there \\.;IS clear sign of heavy predation on sainbar bj. wild dogs in 

early 1970s. Besides, in one instance the digestive tract of one of the 

died sambar was full of Amphistomes during the study period. Several 

cattle and buffaloes graze in the tourist zone of the reserve, however 

there \\as no sign of epidelnics like rinderpest, anthrax etc. G$@ 
J 

in sainbar during the present study period. 

Only one incident of poaching was recorded during the 

coarse of the study, sainbar was reportedly trapped and killed by a 

local man. On few occasions, heard shooting sound fi-oin the 

Kul~isllmalai and Anchuruli areas and the local tribes informed that 

the sall~bar was the target. One sa~nbar  was electrocuted near 

Pacchakanain in the Vallakadavu Range. Indirectly tourisin has caused 

death of sambar, on two occasions sainbar was run over and hit by 

inotor vehicles at Thekkady, tourist zone, and the animals died after 

a few days. 

VII. 3. HERD COMPOSITION 

Sambar has an une\-en distribution throughout the study area. 

But the\ a\.oided dense evergreen forest. The species was seen singly 



and in herds of up to 60 individuals but this herds are not stable. 

1-lercts art: formed at certain times ot' the day mostl! in open areas 

and disperse. Out of the 390 obser\.ations, 30 % M-ere solitary 

indi\.iduals. 24.48 % two indi\.iduals. 21.03 % in  groups of 5 - 5 ,  

13.79 O/o in groups ranging from 6- 10 and 10.68 9 b .in gl.o~ips 

con~prising more than 10 members. .All the herdsize classes \\ere 

sighted in maxi~num 11u111bers durins lnonsoon and post-monsoon 

seasons followed by summer and \?!inter months.(Table 29 R: Fig. 

36). The herdsize ranging f1-01 6 to 10 and above 10 individuals 

class u.ere maximum during June to December months and consisted 

of 76 O/O of the total observations. The aggregation seems to be due 

to the abundance of forage during rainy season and post-monsoon 

months. 

Out of the total solitary sambar sighted. 45 \!.ere males and 

43 fe~nales comprising 16.30 % and 14.83 % respecti~rely. Thcre 

\\,as no significant difference in the number of solitary individuals of 

different sexes in Periyar by season. During lnonsoon season the 

sighting of these two sexes are of equal numbers where as in post- 

Illonsoon and winter period there was only slight difference in the 

proportions of the t i r o  sex in the stud!. area. The ~naximuin numbers 

of solital-J, individuals of both sexes were sighted during inonsoon 

and post-monsoon months. 



Table - 39 

blonthly frequencies of different herdsize of salnabr in  Periyar 

Herd size Jan Feb Mar Apr May JLUI Jul Aug Sep Oct Nov Dec % 



B Percentage 

:::::::::::: ............ :::::::::::: 
:::::::::::: 
i::::::::::: ..:.:.:::::: ::.:.:..:.:. ..:.:.: ..... ........ .. :.:.:.:... .:.:.::::::: :::.: ....... ... :.:.:.:.: 
yi:.:.:.:.  .:.:.:.: 
j::::::::::: 
:;j;i:;:i:i: ..... :...... ::;.:::j:i.: 
; i i i : l i j i t i i  ........... .::::::::::: ............ i::::::::::: .: .......... 
:::;:;:::::: ....... :.:.: ...... : ..... ::::::.::::: ;;;;;;;;;;;; 
;;;;;;;;;;I; 
;;;;;;;;;;;; 
i i i i i i i i i i i i  
:::::::::::: ;;;;;;;;;i;; 
;;;;;;;;;;I; .: . .-. 

Solitary Upto 2 3 to 5 6 t o  10 >l0 

Fig.26 Percentage of occurence of herdsize pattern of sambar 



The hsrdsize variations have sho\\n that there were structurally 

clistinct t!pes of herds c\.ith different proportions of  males and 

females. Of the total sightings of sambas herds, 87 were of  solitary 

' individuals. Of'the remaining 203 herds, four herds were without 

males and observed during rainy season. Two herds with more than 

10 individuals without males were obser\.ed d ~ ~ r i n g  this period. Herds 

\\.it11 one nlale sa~nbar were observed 36 tinles with a proportion of 

12.4 1 % and these he'sds were mostl!~ s~naller in size. Other herds 

had more than one male with them. 

In species like sa~nbar u-here groups are constantly changing 

in size, a ' group size' concept however is not applicable. The term 

'fluid groi~ps' (Barrette, 1991 ) would be Inore applicable to the 

groups of  this species. 

The asseinblage of sambar observed in certain pocltets in 

the study area like Ayyappankul-uku near Edappalaya~n in the tourist 

zone especially during evening l~ours consisted of larger herds of up 

to 60 individuals. Here the habitat is open and Wild Dog predation is 

of regular U occussence. Groups are formed, increase in size, last up 

to se\.eral I I O L I ~ S  and disperse. Since the groups are eLrer changing, 

one cannot present the size ofthe several groups encountered. Barrett 

( 199 1 ) has presented a scale for group size with 10 classes from 1 - 

10, then all groups from 11-20 in a single class, 3 1-30 in another 

class and so on. But in'this study, the group size have been classified 



Table - 30 

Hel-dsize \xiation of sambal- by vegetations 

Vegetation Solitaly Up to 2 3 to 5 6 to 10 il\bove 10 7-1 

1 1  11 Grassland 29 2 6 25 

6 Savannah 2 1 2 3 2 0 3 r; 

Moist deciduous 3 l 15 8 2 0 15 

6 ('seen Semi eirer, 3 6 1 ? 

Plantation 1 - 3 - 7 7 



into, solitar!., two individuals, 3-5, 6- 10 and above 10 group sizes. 

The fluidit! and social character is eiidently observed. The sambar 

disturbed by an observer is found running towards another and they 

in turn to another individual of their species and so on. A searcli for 

larger group in the area, a day after the! \ifere located, often becomes 

a hitile attempt. Schaller ( 1  967) mentioned a leadership. often an 

adult hind in the Ino\.ements, L{-hich supports our ob~er\~ations in 

Peri yar. 

There was not lnuch influence of vegetation types and season 

on the herdsize of sanlbar in Periyai-, however Herdsize ranging foi-rn 

6 to 10 and above 10 were observed maximum (49.39%) in moist 

deciduous forests as given in the table 30, under tree cover, where 

they could probably hide fiom predators a predator avoidance 

beha\.iour. Larger herds were seen more often in the grasslands (30.98) 

especialll. in the areas near lakebeds where Inass defence against 

predator a id  the spotting a predatol- are better. Smaller herdsize 

\\;ere sighted throughout the year though the larger herdsize of 6 to 

10 and above 10 classes observed inore during inonsoon and post 

inonsoon period. As per the observed and expected frequencies 

l , table 3 1 and 3 1 A, there \\.as not much association between fP 
season and herdsize (1' = 7.3600, df= 13, P > 0.01 ). Eventhough 

the percentage of  the larger groups constitute 39.43% and 
C 

36.6 l % during the August and September to December 



Table - 31 

Occurrence of \.arions herdsize classes of sambar in different 
seasons 

Season Solitar>- U p  to 2 3 -  6-10 Abo\.elO 

1 1  9 \iYintc;.r 3 3 - 7 

Summer 17 13 12 6 6 

h/lonsooli 26 19 19 17 1 1  

POS~-~OIISOOII  33 30 25 l 4  12 

Table - 31A 

Occurrence of various herdsize classes of sanibar in 
clifferen t seasons 

Expected frequencies 

Season Solitary Up to 2 3 - 5 6 -  10 Abo\-elO 

M'inter 9.190 1 7.5000 6.4437 4.3254 2.6408 

S~mllner 16.5423 13.5000 11.5986 7.6056 4.7535 

Monsoon 28.183 1 23.0000 19.7606 12.9577 8.0986 

Post-monsoon 33.0845 27.0000 23.1972 15.2 1 1  3 9.5070 



c* 
1 ' -  

H-" ' 

(Fig. 27). \\.11ile it was,16.90% and 7.04% during summer and winter 

montl~s. The mean herdsize of sambar varied in different montlis 

and m a x i m ~ ~ m  mean herdsize was obtained during lnonsoon (4.9) 

and post ~IIOIISOOII i~ iont l~s  (4 )  while it was 3.5 and 3 during winter 

and suminer inonths respectively (Fig. 28) arid this variation seeins 

to be intluencecl by the quality and quantity ot' forage and other 

ecological requirements, the abundance of precipitation, sambal- C 

tend to incl-ease their herdsize during  et inonths in Pel-iyar. 
l 
l 

VII. 1. HABITAT PREFERENCE 

The sanlbar is an animal of high adaptability since it is found 

in a \+.ide \m-iety of habitats. Its habitat utilization patterns are broader 

and present a wide range of  habitat types, which it could utilize 

consistentl). (Eisenberg and Lockhart, 1973). The preference of 

sambar to grasslands in the study area was 35.17 % and inoist 

deciduoi~s habitat 30.68 % and followed by savannah habitat M ith 

35.86 %. The). showed least preference to semi evergreen forest and 

Eucalyptus plantations 6.20 % and 2.06 % respectively (Fig. 29). 

This species' preference for open habitats, which include 

orassland, savannahs and moist deciduous types, comprised 9 1.7 1 3 

% and to other types (semi evergreen and plantation area) M-as 

8.36 O , b .  Sambar is hence essentially an animal of open habitats and I 
i 

Periyar during different months of the year is given in the table 32. 



I I I I 1 

Solitary Upto 2 3 - 5  6 -  10 > 10 

Fig.27 Groupsize frequencies of sambar in various seasons 



Pos t  Monsoon I 

Summer 

Winter 3.5 

Fig.28 Seasonal Variations in the mean group size of sambar 



Fig.29 Habitat preference percentage of sambar 



Table - 33 

Moi~thl! Habitat preference of s a ~ n b a r  

Habitat J  F M . A M J  J A S O N D  

Cisassland S 7 5 S 5 1 4 1 0 8  7 12 S 1 0  

Sa\ annah 11  2 1 6  4 1 0 5 9  1 2 2  1 1 2  

Moist deciduous - 1 5 S 4 S 8 13 26 4 8 4 

Semi e\crgsecn 1 - 1 4 3 - - 4 1 1  

l'lantarion - 1 -  - 3  - 3 - 



a~roiding areas of dense tree growth. Habitat preference of sambar in 
-- -- - - -- - __- -- 

As per the present stud>, sambas is observed in grassland throughout 

the year, (Plate VIII), \~.ith maximum sighting during monsoon and 

post-monsoon periods \vhel-e as the use of savannah type and moist 

deciduous forest was mostly from April to November, late silmmer 

and wet months (Table 33 & 33A) e\.enthough their utilization of 

\.arious habitats in Peri>.ar not influenced significantly uith season 

( = 3 1.6704, dt'= 11, I' > 0.0 1 ). During the months from December 

to Ylarch e\ er) year the wild fire usually occur in Peri>.ar and ~llost 

of the grassland areas are burnt. .H~\+~ever  grasslands in the lakebed 
F- 

are not prone to forest fire in the study area. Two to three days after ,, -- --- 1 

the fire. grass shoots, herbs and shrubs sprout mostly \vith the first 

sl~o\ver. The tender lush green sprouts attract 

sambar to congregate on grasslands and burnt areas. Observations 

ha\-e sho\~.n that the sambar is the first anin~al entering a burnt area, a 

daj. 01- two after the fire, to feed on the sprouting tender shoots of 

plants. 

Of the different habitats available in the reserve, grassland 

and savannahs constiruted only 1.6 % of the total area but 6 1.03 % 

of sambar sightings were recorded in this type of habitat. In contrast, 

the llloist deciduous forest that consists of 12.98 % of the total area, 

recorded only 30.68 % uf ' t he  sightings. The semi evergl-een forest 

constituting extensive areas ivith 35.40 % had only 6.30 % of herds 



Plate VIl l 

Herd of Sambar on the grassland - Hilltop 



Table - 33 

Seasonal variation in the use of different habitats by sambar 

Habitat Winter Summer Monsoon Post-111onsoon 

Grasslancl 15 18 .J 7 - 3 3 7 

Sa\,annali l 3  1 1  2 -l 27 

Moist cleciduous 1 17 29 42 

Semi e\.ergrsen 1 7 4 6 

Plantation 1 3 

Table 33A 

Seasonal variation in the use of different habitats by sambar 
Espectecl fl-eqnencies 

Habitat Winter Summer Monsoon Post-inonsoon 

Grassland 10.55 17 18.993 1 32.3586 40.0966 

Savannah 7.7586 13.9655 23.793 1 29.4828 

Moist deciduous 9.2069 16.5724 28.2345 34.9862 

Selni e\.ergreen 1 .S62 1 3.35 17 5.7103 7.0759 

Plantation 0.6207 1.1172 1.9034 2.3586 



of sambar s ighting (Fig.30). Hence it seems that the preference of 

habitat b!. sambas in Peri!.ar is not proportional to the area of different 

habitats in Periyar. 

VII. 5 .  FOOD HABITS 

The diet of sambar includes a variety of plants such as 

grasses, herbs, shrubs and trees as  given in the table 34. Of the total 
L 

plants identified food thi. grasses constituted the m%jor part of their 

diet (43.47%) followed by herbs (30.43%). The shrubs and trees 

contributing 26.08%. The intake of grass species didn't vary too 

much seasonally, even though the aniiiial's diet ~nostly consisted of 

clrass species in monsoon and post tnonsoon than winter and sulnlner z 

months. 

The food selection of sambar varied insignificantly in different 

seasons in ths study asea, the summer diet included more herbs, 

shrubs and tree species. Of the total 55 species of summer food 

plants identified the percentage o f  grasses was 40% and that of the 

browse specizs was 600i0. Monsoon diet consisted ~nostly grasses 

u.it11 a percentage of 54.7 1 and 45.38% of browse species as shown 

i n  table 35 and fig.3 l .  

The sambar also showed seasonal preference to certain food 

plants. They didn't take Fle/.ningiu stro bilijk~.ii, sidu htr~nilis, 

Heckeriu szlbpeltuta etc. during winter months. The plants such as 



Grassland 8 Moist S e m ~  Evergreen Plantation 
Savannah deciduous evergreen 

Fig.30 Proportion of different habitats and percentage of 
preference by sambar 

area 

use 



Table 34 
Food plants of sambar in Periyar 

Name of Food Plants Family J F M A M J J A S O N D  

Alloteropsis cinzicina Graminae * * * * *  
Apllidcl c i r i s t ~ t ~ ~  

Apocopis ~vightii 

Ar.istolckici indica * 
-4i.thuxon qziartinnicinzrs 

..lr.roc~n.plo gonezicinlrs * 
C'cirithilri~~ c1l7gtrstifolium 

C'crrycr c//.bor-ecr* 

Ccissirr occidentcilis * 
C'entellcr rr.~iciriccr :" 

C'I7rj:~oyogon syy. 

C'oi.~ lcrchr:~~rnc~jobi 

C'r.orrilc~i.iu y lrbescerue * 
C j m  boyogon. fle.uuoslrs 

C \~llotloll (/(i~t~'1017 

Cj~noglosszrni~ firrcuttrrti ':' 

Cj'l ' tococc~i~~ o,~yyhylltrri~ 

Desr~~oclizrin tr'lJlorzm7 

Digirorirr sci17gtrinc/lis 

Graminae 

Graminae 

Aristolochiaceae 

Graminae 

Moraceae 

Rubiaceae 

Lecythidaceae 

Caesalpinaceae 

Unlbilferae 

Granlinae 

Granlinae 

Leguminaceae 

Grailli~lae 

Gra~ninae 

, Boraginaceae 

Granlinae 

Fabaceae 

Gralllillae 

1 Dir~~eri~r.~pl,. Gsaminae * * i:: $ + 
l 

, 

Eiepcri7/ol)l/.~ .~c.crbe~- :3 * * * :> 

i -4steraceae *- , 

Elc~zuii7e inrr'icci Graminae * * * * *  * I  * * /  
I E~nhlico qfficino1i.y * * 

I 

Euphorbiaceae * * l 
I 

: E117ilil/ .so17~.hifbli~i * Asteraceae * * * Q 

I 1 Enlcl'hr scoia;enr * Leguminaceae * * * * 
/ 
j Ercigr-o.s/i.v 17;fifin.i~ Graillinae * * P * 
I 
i Er-~i,ol.o.sli.~ ~i~iioloides ' Graminae * * * * 

Erclgrosris ~t.illdeno~.ianc~ Graminae * * * * * * l 
I 

Ficzrs hispidt~ * Moraceae * * * 1 



I Flemingin strobilifera Fabaceae * * l 
Gal-noticri clrzrndinocea 

Gre~via tilicrefolia 

Heckericr szrhpelrura 

Helecteres i.sorcr 

Heteropogon contorhrs 

Hihiscrrs lobcittls 

Jlr~ / i c i~ /  , V I . O C ~ L ~ ~ I I ~ L ? I I S  

Kno.ria 17701li.~ 

, Graminae 

Tiliaceae 

Piperaceae 

Sterculaceae 

Graminae 

Malvaceae 

Acanthaceas 

Rubiaceae 

Verbenaceae 

Myrsinae 
* l 

.Lfe117gifi1-(1 ii7e/icc1 * *  Anacrdiaceae 

iLl(r~7isl~~.is gi-~nz11(11.is Gralllillae * * * 8 * * 

.\/fin~ecylon c.dl11c. Melastomaceae * 

Oylis171e17~1~ C O I ~ ~ ~ J O . S ~ ~ ~ I S  Graminae 8 * * i 
$ * * !  

I 

Otrochloc~ i io~ l~aa  Graminae * * * 1 
i 1 ~o17icrloi repet7s Crralllinae * * * * $ * * * * * i  

I P~lriicllr17 /r3pher.oii Graminae I * * 
Pe~spnl~rni con7pnctlii-11 Granlinae * * * * 

1 
Pcu.~iflol.u . T ~ / ~ / ) L ' ~ ~ C I I N  Passitloraceae * * 
Penni.~ett/n7 hohenc/cke~.i , Graminae * ::F :$ * 

Polygonzt~~z chinense Polygonaceae * :* 
Psiclitlin gtrc!jclvcr * * Myrtaceae * 
P.~ycl7oti.ic1 11 i g l . ~  :* Rubiaceae 8 + * ;S 

P/c~r.occrrprl.v I I I C I I . . Y ~ ~ I ~ ~ ~ ~ I I ~  Fabaceae S S * 

1 Re117dio c/rr!nero~-rrni * Rubiaceae * * * 1 I 
1 Ro~rhoellic~ e.1-crltcltcl Graminae * * I 
I 
1 Rl ih i~~  c o ~ . ~ l ~ f O l i ~ ~  Rubiaceae * 
I 

l 
/ Scrcchar.lr171 .s~~orircr17cunt Graininae * * * * 
! 
i .'%IuI-~L/ ~ H I L > I . I ) Z ~ L / ~ L I  Graminae * * * * * * 
l 

i Sitlrl hl1177ili.s Malvaceae * 
Solen~zml .~i.sj.hrif~lilrm * Solanaceae * * * * + ;k 

Solc~nlmi rorvlr111 Solanaceae * * * 



Sporoboltrs syp. Graminae 

1 Storh~~t~r~phetu indico * Verbanaceae 

Syr7edrella iiodijlora Asteraceae 

Thenledcl cj.n~bcr~.in Graminae 

Graminae * * 
Malvaceae * * 

* * * l 
Cj..encr sintratcr Malvaceae 

* Direct Observations **  Fruits 



Table -35 

Seasonal variations in plant taxa eaten by sambar in the 

stucly area 

Type M'inter S u ~ l l ~ l ~ e r  Mo~~svorl Post lnonsoon 

Grass 

Herb 

Shrub 

Trees 



- - - - -  - Grass 

Browse 

0 
Winter Summer Monsoon Post monsoon 

Fig.31 Seasonal diet variation of sambar 



C ' I - ~ I ~ L I  I o I ~ L ~ ~ c I .  Cj"e11~l S ~ Z I I I O ~ N ,  Bide17s hz~r~~ilis are o not preferred G 
during the period from June to August. Its diet consisted of 9 species 

of trees, ivhich was only 13.04%. Fruits of Enlblicu o~iciar~alis,  

P.~i~Iizl/l7 ~ Z I ~ ~ C I L ' C I .  I Z . ~ C I I ~ ~ ~ J ; ? I - N  indiccl and .lrtocarpus spp. were taken 

di~ring inter and summer months. 

The food o\ erlapping alnoilg herbivores was observed in 

the stud!. area. The percentage of overlap of sambar's food with 

elephant 13 as 1 0.149'0 and with gaur 37.53% and o~verlapping between 

these herbivores was 49.37%. 14.49% of forage of gaur have no 

overlap with other species The inaxiinuln of overlap was in grass 

species followed by shrubs and the overlap was minimuin among 

tree and herb species. 
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DISCUSSION 

The sambar is an aninlal of high adaptability since it is found 

in a \l-ide \,arieti\ of habitats (Schaller, 1967). Its habitat utilization 

patterns are broader and present a wide range of habitat tjrpes, which 

it could utilize consistently. The vegetations of the stud)- area has a 

mosaic colnplex of grassland, savannah, moist deciduous forests, 

plantations, se~ni evergreen and evergreen forests in which the 

orassland was the illost preferred and heavily used habitat in Peri\.ar a 

followed by moist deciduous forests. In Periyar, they usually avoid 

dense forest areas and least preference towards plantation areas. 

Thus the sanlbar is considered as an animal of open forest as 

described by Ngalnpongsai ( 1977). 

Se~leral factors affect the habitat suitability of sambar in 

Peri!.al-, the i~llportant being the a\.ailability of graze and bran se 

species, access to water and cover. The utilization of favoured habitats 

was inaxiinu~n during wet months and less during summer months 

presumably due to the availabilitj- of green palatable forage. Their 

preference to nloist deciduous forests seems to be related to 

abundance of both graze and browse and obviously due to the 

presence of Inore shade in these habitats as explained by Bharucha 

and Asher ( 1993) in the Black buck. 



The less use of grasslands by sambar during summer months 

is determined by ths shortage of palatable grasses. The occasional 

pre monsoon sho\\.ers \yere found to bring sambar herds in grasslands 

in late summer months. Thus forage appears to be the major factor 

in habitat utilization b!. sambar. They most often occurred in certain 

areas on the lakeshore like Ayj.appankurukku near Edappalayam, 

indicate the se1ectii.s use of habitat in the study area where optirnuln 

aidabil i ty of forage. 

The wild fire ~~sually occur during December to March period 

in Periyar and majority of the grassland areas are burnt every year, 

ho\vever the grassland on the lakebed are not prone to forest fire, 

the). utilize consistentl>, on the grasslands on the lakebed during fire 

season. After the forest tire, plants sprout in a few daj.s, often 

coincide ~vi th  the first pre lnonsoon shower. The delicate lush green 

sprouts attract the sambar to congregate in the burnt areas. E\  idently 

sambar uras the first animal entering the burnt area, a daj. or two 

after the tire, to feed the sprouting tender shoots of plants. 

The sambas herds varied from one to sixty individuals in 

Periyar, and the larger aggregations observed was not stable. Majority 

of herds were of sinall size. The herds of above 10 individuals were 

10.68 %, which disagree with the findings of Ramachandran et al., 

( 1957) that the herdsize seldom exceed eight individuals. However 

the sambar has a propensity to be in smaller groups. 



The seasonal \.xiation in the mean group size of sambar 

\$.as noticed in this study. The mean group size was highest during 

monsoon season with 4.9 while it was 3.3 during drier months. I t L  B; 
therefore seems that aggregations of sambar is influenced b!. the 

a~failabilit!. of forage. The lack of sigrliticant seasonal variations in 

the group size of sambar has been docuinented by Eisenberg and 

Lockhat ( 1971), ~inesstein ( 1  980), Mishra (1 982). The group size in 

species, ~ . h i c h  exhibit open membership and social structure. lnay 

S~IO\Y temporal variations not only on a seasonal basis but also during 

different times of the daj. (S harathchandra and Gadgil, 1975; Barrett, 

1991). 

The sainbar has a tendency to aggregate in cei-tain habitats in 

the study area and the distribution of larger herds was maximum in 

orassland and inoist deciduous vegetations presuinablj. due to the 

a\.ailabilit! and abundance of forage and protection fioin predators. 

These aggregations were mostly noticed during rainy inoi~ths. Hence 

the habitat types seein to be an influencial factor on the herdsize 

pattern of sambar in the study area. Similar observations were reported 

4 
k 

, . / l h  in Axis axis b~ Barrette ( 199 1 ) and various other species (Leuthold 
7- 

and Leuthold, 1975; Takatsuki, 1983; Santiapillai et al., 1984). 

Occurrence of larger groups in open areas is interpreted as an anti- 

predator strategy, where aililllals use each other as cover (Altman, 

1974; Jarman, 1974; Pulliain and Carco, 1984) and this seems to be 



applicable in the case of sambar in the stitdy area too. Halnilton 

( 1 97 1 ), Vine ( 197 1 ). Jam~an ( 1974), Sal-thcl~andra and Gadgil ( 1975), 

Khan and Vohra ( 1  993) described that the food availability, predation 

risk and rutting acti\.ity are the main factors responsible for seasonal 

changes in sambar ~roups .  l'he similar inlpacts on mean group size 

of sambar in Gir forest have been reported by Berwick (1970). 

According to Sharathchandra and Gadgil(1975) the increase in group 

size is related to the high food availability but Dinerstein (1980) 

considered that predator detection to be the prime reason for increase 

in  group size, \\.hicl1 is also caused, by the increase in plant cover 

and density. Khan et. al., ( 1  995) argued that the increase in the plant 

cover and density ~ . o u l d  cause the herds to fiaginent not only due 

to primarily structural reason (Barrett, 199 1 ) but also because bigger 

woup size would benefit stalking predators. The congregation of S 

sambar was 1110st frequently noticed in certain open areas like 

Ayyappankurukku and Edappalaya~n where the wild dog predation 

\\.as ofregular occurrence. Hence the predation seenls to be an another 

factor promoting the formation of larger groups of sainbar in Periyar. 

The larger aggregations of sainbar however were not stable, 

the 31-oups are found constantly changing in size. A group size concept 

is hence not applicable here Bai-rett (1991) used the term "fluid l 
oroup" on the groups of Axis axis, he studied. Sainbar herds could 2 - -- 

also be called fluid group since the group may disperse after few 



hours of agsregation. Group size variation in different times of the 

day \\.as also reported by Sharathchandra and Gadgil (1975). The 

aggregation was inaximuln during evening hours presumably because 

of predation since more predation was ~.ecorded evening hours. 

Different herd compositions were observed during the present 

study in which the solitary aninlals siehtings G constituted maximum. 

Small herds \\/ith one male and mixed heterosexual herd were also 

obsen-ed in the stud). area. 

The sex ratio of the saillbar was slanted and favouring 

females. The propel-tion of males to females was 1 : 3.6. The yearlings 

and fa\vns \yere observed throughout the year and the fecundit), was 

docuinented as 0.20 per adult female per year since the population is 

said to be a productive one. The fecundity of more productive , 

population is in between 0.20 and 0.025 in south India (Sukuinal; 

1985). In Periyar mating of salnbar seems to take place lnostly in 

\i inter months and adult stags are found n.ith females during this 

period unlike other months of the year when they move alone. Fawns 

were obsenred throughout the >,ear though the inaximuin birth was 

notised during the rainy season that inight be a survival strategy of 

this species. Krishnan ( 1972) reported the occurrence of young fawns 

during March in Mudumalai. According to Schaller (1967) the young 

are born in between' November and December in Kanha. The 

desparity in sex ratio has been attributed. t. several factors in 9 i3 



ungulates such as misclassification of individuals (Sharathchandra 

and Gadgil, 1975; Mishra, 1983), higher mortality of male facl.n 

(Schaller. 1967; Jolinsigli, 1983) and selective predation on males 

(Sclialler. 1967: Brsr\viclc, 1974; Johnsingh, 1983; Karanth and 

Sunq~~ist .  1993). Among the African unzuiates, G the subsistence of 

s~ tb  adult ~iiales on lo\v quality forage as a result of their exclusion 

from established ten-itories and harassment by doininant niales have 

been discussed as a major factor for higher inortality of  males 

(Leutliold et. al., 1975). In southern Asian ungulates, the solitary 

habits, lacks of alertness during rut and dispersal behaviour are 

factors, U-hich inakes males inore vulnerable to selective predation 

(Karanth and Sunquist, 1992). In the stud!. area the sainbar fonn the 

principal prey species of wild dogs and tiger since the predation 

s e e m  to be the reason for the desperate sex ratio of sainbar. Kurup 

( 197 1 ) repol-ted that there was a 1ieaL.y predation on sainbar bj7 wild 

dog in earl>. 1970s. 

Sambar probably subsists on a wider variety of plants 

(Schaller, 1967) and the diet of herbivore are controlled by several 

factors such as anatomical and physiological characteristics of animal, 

plant com~nunity structure and chemical constituents of plants (Owen 

- Smith, 1982), the ability of the aniinal to digest and metabolise, 

digestive capacity (Westoby, 1974) body weight, gut size and 

digestibility (Baile, 1975; Bines, 1976). The popyphagous and 



biinodal nature of feeding was observed in Periyar since their diet 

chart includes a variety of food plants namely grass, herbs, shrubs 

and tree species in which grass and herbs contribute major portion 

of its diet in the study area. The polyphagous feeding stratsgJr of 

sambar gi1.e highel- advantages to the aninlal as explained by Crawly 

( 1983) that the animal can feed on the available forage species \\hen 

a\railable. The animal can select a nulnber of food iteins of unqual 

nutritive \.alue that provide a nutritionally adequate mix of essential 

nutrients. 

The ~nost frequently used food plants ainong grasses \\ere 

Cyr71bopogor1 j9'exzroszrs, Cjvnodon dactylon, Elezrsine inclica, 

Er-crgr-ostis ~~~illdenoviana, Maniszrr-is g~.anzrluris, Oplisir71inzrs 

bz11.171nni, Panicu~7 repens, Paspalzr~n col~zpactzun and Thelneda 

t~-ic~/~cIr-a in  \vhich panicun~ repens is hea\.ily eaten while they are in 

the lake beds. The utility of grassland was ~naxi~nuin durins wet 

months probably due to the palatability of the species. During sunllner 

the\. switch on to browse species. The important food plants 

consumed during summer season were Centellcr asiatica, Eluilia 

soi7cl7ifolia. Helecter-es isor-a, Hibisczrs lobatzrs, Stachytal-petu indica, 

SI-nedr-ella nodiflora, Ui-ena lobata and Grewia tiliuefolia. The 

habitat type. plant species availability and season are the major factors 

operating on the preference of sambal- in Periyar. The seasonal 

difference in the use of food plants inay be due to the difference in 



their nitrogen content (Colinam and Lazenly, 1970), lignin content. 

digestibility and solubility ratios (Short, 1970) and crude protein 

(Lyttleton, 1973). The higher amount of crude protein in browse 

species than grass during suminer months is often viewed as a protein 

supplement to \\ ild animals (Hobbs et. al., 198 1). The difference in 

the nutritional requirements in different stages of life such as facvn 

period, lactation period and during antler formations have been 

described by Ullrey et. al., ( 1969) and French et al., (1 976) in white- 

tailed deer. 

Fruits of cei-taih species like A rtocnr-yzw gonezia17zrs; Ein6lica 

officir7oli.s and 12/fnngife1.n indicn were eaten during the months fio111 

Januar. to May in  Periyar and the feeding on fruits seein to be 

subjected to their availability. Fruits have high lignin content and 

probably were passed rapidly and represents a source of high-energy 

food for deer species, this could be the reason for the selection of 

fruits, as explained by Vangillder (1979) and Vangilder et. al., ( 1953). 
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SUMMARY 

The larger herbi\~ores, elephant, gaur and sainbar have a wide 

distribution in south India, in the western ghat country, where they 

share the same habitats. The population of these herbivores seemed 

to be declilling within their range due to habitat degradation, 

fraglnentation, poaching and epidemics. 

The population of all these species is biased to females; adult 

females formed major portion of this population. Among elephants 

the adult males females ratio was 1: 141. The sex ratio in other age 

oroups is also unbalanced. The skewed sex ratio is evidently due to a 

high poaching pressure. 

In gaur and sanlbar the ratio between males to fe~nale \\.ere 

not so pronounced as in elephants. However, se1ectii.e predation on 

males or mortality fi-on1 bull to bull calnbat may be the probable 

reasoil of the present uneven ratio in these ungulates. The dispersal 

activity of inales and poor nutrition of inale calves during their infancy 

might have also contributed to the mortality in inales of these 

ungulates. 

There was no specific breading season for elephant, gaur 

and sainbar in Periyar. However inaxiinuin birth was observed during 

wet lnonths might be a survival strategy with abundant food supply 



and sufficient cover. The fecundity of elephant was only 0.081adult 

femals/year due to the shortage of adult tuskers. However the fel-tilitj. 

of other t ~ i . 0  species L4.x better. 

The herbivores have a tendency to become slnaller in their 

herdsize and the most frequently observed herdsize of these species 

was bslou. ten. The mean herdsize varied bj. season in Periyar. The 

aggregations were colnmon in open habitats like grassland, savannah 

and moist deciduous vegetations particularly during inonsoon and 

post monsoon months due to the constant supply of forage. 

The sightings of lone animals were more in sambal- though 

solitar! elephant and gaur were also noticed occasionally. Ainong 

elephants inore solitary individuals u.ere females, might be due to 

the pec~lliar social structure of this species and larger nuinber of 

females in the population. 

Larger herds ol'these herbi\.ores could be the aggregations 

of sinallel- units and these aggregations were predominant in grassland 

and nloist deciduous forest. The tendency of formation of larger 

group in ungulates in open habitats seeins not only due to the diet 

diversity but also to escape predation. Availability of variety of forage 

in the ecotone areas tends thein to aggregate in these areas in Periyar. 

However larger groups of sainbar were not stable and found to 

disperse after several hours. Hence the term "fluid groups" could 



be attributed to the sambar herds in Periyar, which \\-ere more 

conspicuous in certain hinges of the reserve especially in late evenings. 

I11 Periyar, the larger herbivores used a broad spectruin of 

habitats though grassland \sras most preferred habitat of elephant 

and sambar. Gaur ho\vever showed preference to\\-ai-ds moist 

deciduous forest. Utilization of evergreen forest and semi evergreen 

forest and eucalyptus plantations \\.as less in the reserve. Dietary 

diversity, disturbance, percentage of cover are seein to be lnajor 

colllpoilents influencing the use of habitats by herbivores in Periyar. 

Utilization of grassland by herbivores was optimuln with the 

onset of nlonsoon and lasted up to the late post lnonsoon months. 

During drj months they moved towards moist deciduous forest and 

adjoining areas, while utilizing grasslands, the gaur preferred hilltops 

and slops than those on lakebed. The sprouting tendsr shoots 

attracted this species, \\.hicl1 led to their congregation in the burnt 

areas after fire seasons. In fact, sainbar is probably the first aninlal 

enter a burnt area iininediately after the first pre lnonsoon sh0u.e~. 

Grass formed the inajor share of the diet of larger herbi\.ores 

throughout the year. However the polyphagous feeding nature is 

advantageous to the animals since the!. can switch over temporarily 

to other species. The palatability and high crude protein content of 

grass during wet months tend thein to take Inore grasses during this 



period. Since grasses formed bulk of their diet they could be called - r 

orazers than the brou-sers in Periyar though they feedp variety of 3 
r 

herbs, shrubs and trees species. 

During summer ~nonths they used more browse species due 

to the decreased amount of crude proteins ,ind other mineral contsnts 

in grasses. Apart fiom leaves, their diet includes fruits and barks. 

The elephant consumed barks of Grewa tiliaefolin. Telia gc~n~hlicr. 

R N I I ~ I ' L I  C / L I I I I ~ ~ O I . ~ I I ~ ~ .  C L I I - ~ ~ C I  C I I - ~ O I - ~ L I ,  Htllectet-es isora and Ficzrs 

s y y .  The three species however took fruits of Mat7gifera il7dicu. 

En~Dlicn ofjcinnlis, Psidz1177 ~ Z I C ~ C I V ~  and .4/-toca1.pzrs spp. during 

their fiuiting seasons. 

The larger herbivores, elephant, gaur and salnbar shared a 

numbel- of food items and their dietary pattern has indicated that 

there \\?as overlap between these species in their forage. However 

colnpeti tion bet\\.een them is minimised by selective feeding on 

different plant parts and feeding at diffel-ent times of the day. 

According to Lamprey and Ste\val-t ( 1984). ungulates living together 

use different resources that could be determined fioln their food 

habits. Masiinulll overlap was observed in grass species and it 

seenled to be greatest in the dry season when forage is least available 

as stated by Hansen et. al., ( 1985) whichlead to colnpetition (Field, 
J ; T ! 2 7  

1972; Abrams, 1980). Such condition j$ not cause high lnol-tality 
b 

among ungulates in drought years (Hillman and Hillman, 1977; Sinclair 

et. al., 1979). 



The forage overlap of herbivores in Periyar ' very significant 6 
since these species have higher depsndency on open habitats that 

constitute only in  a small proportio:l of the study area. This inay 

likely to cause optiinuin pressure on these habitats and forage. 

According to French ( 1983), in pro1011 periods of unfavoul-~ble id 
conditions particularly in smaller arsas, the survival of the hole 

population of large herbivores will L.: inost endangered. Therefore 

it seems that hel.bivo1-es require mucll larger areas for forage. 
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