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 Abstract A  study  was  conducted  on  the deaths of  mammals  and  repti]es  caused  by vehicular  traffic on  a  road  in
Indira Gandhi Wild]ife Sanctuary, Anaimalai  Hills, livlestern Ghats, India. lkthicles killed awide  variety  of  mammals

and  rcptiles, many  ofwhich  were  of  endangcred  species.  Reptilian roadkills  mostly  occurred  during  the rainy  season

and  in the wet  forest region.  Roadki]ls  occurred  most  commenly  at night.  In order  to reduce  this impact, it is
suggested  that tourisL  traffic should  be rninimised  during thc  rainy  season  and  during the night.  Steps should  be taken

to maintain  canopy  contiguity  beside the road.  When  constructing  any  further roads  within  the sanctuary,  the

sensitive  rainforcst  areas  must  be  avoided.
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INTRODUCTION

  The  Wcstcrn Ghats hill ranges  in southern  India

have been recognised  as  being a  
`hot

 spot'  of  global

biodiversity (WCMC  1988). This is due to the fact

that these  hil]s contain  a variety of  forest types (Pas-
ca]  1988) and  harbouT enormous  diversity of  wild  fauna.

More  than 4,500 species  of  flowering plants, 158 spe-

cies of fish, more  than 120 species  of  amphibians,  190

speciesofrepti]es,morethan55speciesofmajormam-

mals  and  nearly  250 species  of  birds are found in thcse

hills (Inger and  Dutta 1987, Kumar 1997, unpublished

personal observations).  Furthermore, a high propor-
tion of  these  species  of  flora and  fauna are  endemic  to

the wastern Ghats. A  large number  ofcritical areas  in

these  hills havc been  brought under  the  
`Protected

AreaNetwork'throughcstablishmentofWi]d]ifeSanc-

tuaries and  National Parks. Out of  the total 78,386 krn!

area  of the Western Ghats, 17,613 kmi, amounting  to

about  22 %, now  comes  under  one  form  of  
`PTotected

Area' or another  (Johnsingh 1986), Unfortunately,

despite this degree ofIega]  protection, wildlife in these

hi]ls still continues  to suffer from severa]  threats, par-
ticularly in areas  of rainforest (see Karanth (1992) in

particular for adiscussion  primarily relating to factors

causing  disturbance to the wildlife  in the Western Ghats

of  Karnataka state),

  Indira 6andhi Wildlife Sanctuary in the Anaimalai

Hills ofthe  Western Ghats, in [[lamil Nadu  State, has a

high potential for wildlife  conservation.  Most  ofthe

animals  typical of  the Westem  Ghats are  present in

these  hills. The  forests are  Tich  in arboreal  wild]ife                                         ,

specifically primates (Singh ct a]. 1997a, b). Unfortu-

nately,  a  large tract of  rainforest  in these hil]s was

cleared  about  100 years ago  for p]anting tea, and  the

fe]ling of  natural  forest continued  even  until  recently

for the  purpose of  planting commeTcial  tree species

such  as  cinchona,  Euca]yptus and  teak. Fortunately,

forest felling has been  stopped  since  the  area  was

brought under  protection by declaring it a  wildlife  sanc-

tuary. However, due to the region  being within  ahigh

rainfall area, a number  of  dams  have been constructed

to store  water,  and  sevcTa]  pewer generation stations

have  been  built in thc hi]]s. Such construction,  and

past forestry practices, has resulted  in inany  of  the

forcsts, especia]ly  the rainforests,  becoming frag-

mented  (Kumar et al. 199S).

  Research carriecl out  in these hi]ls over  the past
severa]  years indicates that one  of  the  main  threats to

wildlife  in the area  is death as a result of accidents  with

vehicu]ar  traffic within  the sanctuary. Reports on  such

morta]ity  arc  rare in the literatuTe on  wildlife,  therefore
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in this paper we  provide information on  road  killed

wild  fauna in the Indira Gandhi Wildlife Sanctuary, and

discuss the implications of  this mortality  for wildlife

management.

STUDY  AREA  AND  METHODS

  The  study  was  conducted  on  the Aliyar-Valparai

sectoT  of  the Indira Gandhi Wildlife Sanctuary (Fig. 1)

in the  state  of  Tamil Nadu, southern  India. Details

concerning  the forest type  and  the wildlife  ofthis  sanc-

tuary are  reportcd  clsewhere  (Singh et  al. 1997a, b).

The  particular area  included in this study  is crosscd

by a  pub]ic road  starting from Aliyar Forest Checkpost

and  Tunning  to the hM town  of  Vhlparai, Thc road  (Fig,
2) is 40 km  long and  passes through 13 km  of  decidu-

ous  forest, 6 km of  moist  deciduousfsemi eveTgrecn

fbrest, 9 km  of  rainforest,  and  12 km  of  tea plantations

(Fig. 1). In addition, there is a further 70 km road  net-

work  located main]y  in Tainforest, however this may

not  be used  by the public at  present. The altitude  of

the study  area  ranges  from 370 m  asl at Aliyar to 1,440

m  asl at the road  
's
 mid-point  and  fa11s again  to 1,OOO m

asl  at Valparai. The average  annual  rainfa11  is abeut

700 mm  in the lower, dry ranges  and  about  5,OOO mm  in

the upper,  wet  ranges. These  forests are rich in wild-

life, and  almost  all of  the animals  found in this part of

the sanctuary  may  be cncountered  by chance  along

the road.

  The data on  the roadkills  ofmammals  was  gathered
during April 1995 and  December 1998, and  on  roadkills

of  reptiles  during December  1997 and  November  1998.

All information on  roadkills  was  gatheTed during our

visits  (average three days each  week)  to these  areas

for other  research  studies.  The  mammals  were  taken

to represent  the megafauna  and  the repti]es  were  taken

SVS
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Fig. 1. Map of  Indira Gandhi Wildlife Slinctuury showing  the  Aliyar (1) to Vlalparui (6) roud  where  the  roadkills  were  recorded.  The

   forest types  recorded  ulong  the  road  ure  indicuted as  fol]ows: D  =  Deciduous  ferest; M  =  Moist deciduous forest; T  =  Tlea

  plantations; R 
=
 Ruinforest.
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Fig. 2. XNInding meuntuinvehiclerouds  in

to represent  the micrc)fauTui.  The  identification of  rep-

tileswasmadcbyreferringtoWall(1923),Smith(1`)31-

43), Whittaker (1978), Danicl (]983) and  Rajcndran

(1 ()85).  The  numbcr  ot' animals  killed on  the road  rc-

ported here refcrs only  to those  found by us  incidcn-

ta]lv and  not  thc total number  of  animals  kil]ed. This

]ack of systematic  sampling  docs not pcrmlt us  to do

any  calculations  regarding  rates  of  mortality.  Neithcr

does it allow  us  te extrapolute  as to how  many  total

animuls  arc  killcd on  this road  or  on  thc other  roads  in

the sanctuarv.  Howcver, systematic  notes  were  main-

tained  whencver  a roadkill  was  obscrved.  Furthcr-

morc,  in order  to avoid  repcated  counts,  a road  killed

[ndira GnndhiWildlife  StLnctu:trv.

animal  was  always  removed  after  it hud becn identi-

ried. We  do not havc  year round  intbrmation on  the

amount  of traff'ic using  thc road.  howeyer, 14 random

hour-]ong studies,  and  two  periods of  24 hours each

spent  at the check  pests, lcd to an  estimate  that about

500 vchiclcs  usc  the road  everyday.

OBSERXQA/I'IONSANDI)ISCUSSION

  The  most  freqvcntly killed mammal  species  by vc-

hicles wcre  bonnet macaques  ft)11owed by Indian por-

cupincs(Table  1). 
'1'he

 niost striking  observation,  he"'-

cver.  was  that a widc  variety  of  mammal  specics,  both

TILblc 1, Nurnber {)±

   between  April'

 roadkilts  ef  mammulian  species  rtcorded  alone  lhe

19[):', Ftnd  December  19()8.
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Tlable 2. Nurnber  of  roadkills  of  snakes  recordcd  a]ong  the muin  Aliyav-Valpurui road,  Indira Gandhi  Wildlife Sanctuary, between

   Decernber 1997  and  November  1998,

Dry season Rainyseason

Common  name Latin name DryforestRain-forest TeugardenDryforestRain-forest Tk)agardenTbtal

Large sca]ed  green pit viper

Malabar pit viper

Nlk)lfsnake

Greenkeelback

Buffstripedkeelbuck

RatsnakeSlendercoralsnuke

Striped coral  snake

Cat snakeKeelback

   Total

frimeresurusmacrolepis*

nimeresurusmatabaricus'

lycodon sp.

Macropisthodonplumbicelor*

Amphiesmabeddomi'

Ptyasmucosus*

Calliophismetanurus*

CaUiophisnigreseens'

Boiga sp,Keelbacksp.

oooooloooo1O,OS/km4o3o2oo1o5ISooo2oooooo2

1.66fkrn  O.16fkm

e21ooo2ooos92101

 1oo1o327

ooooooo21o313414331241g53

O.26/km 3.0fkm O.25Acm 1.32tkm

ibowerrisk-nearthreatened

Road section  lengths/ 19 km  for dry foresL 9 km  for Tainforcst,  12 km  for teu  garden.

smal]  and  ]aTge die as  a result  oftraffic  accidents.  Fur-

theTmore, the animals  killed included not only  the ter-

restriai mammals  such  as  ungulates,  but also  prirnarily
arboreal mammals  such  as  primates. The  loss ofcanopy

contiguity  due to the  existence  of  the  road,  is a  signifi-

cant  pTob]em  for arboreal  animals.  At many  places,
along  the Tead  there are  hill slide  land slips.  As  a

result,  many  large trees fa11 and  break the canopy  con-

tiguity. In such  places, arboreal  animals  must  cToss

the road  to  Teach  the other  side  of  the forest. Both

langurs and  rare  lion-tailed macaques  have been killcd

only  under  such  circumstances.  Themammal  species

that had been killed included not only  abundant  and

common  species,  but also vulnerab]e  and  endangered

species.  There appeared  to be no  relationship between

season,  or  fbrest type, and  the species  or numbers  of

mammalskilled.

  Since very  little information about  either the ecol-

ogy  or the status of Urope]tid snakes  is availablc, wc

have presented the data on  these kills separately  (see
Tlables 2 and  3). A  total of  156 dead Uropeltids were

recorded  along  the road,  most  of  which  were  fbund

duTing the rainy  season  (n =  141) rather  than during

thedry  season  (n =  15) (xi =  101.77, p<O,OOI), Further-

more,  highest mortality  occurred  in the rainforest  re-

gion (n =  141) as against  the deciduous forest region

(n =  5) or  the tea plantations (n =  10) (x,2 =  228.7,

p<O.OOI). It is clear  that a  wide  range  of  reptilian  spe-

cies  is killed by  vehicles.  Many  of  the microfaunal

species, such  as amphibians,  pit vipers,  Uropeltids and

lizards are  habitat specialists;  some  of  them  are  even

microhabitat  specialists.  The  pit vipers  that are  found

in India all occur  in forests, thus any  disturbance to

forestedareas,especiallyrainforests,riskssignificantly

reducing  their population (Whittaker 1978). The

Uropeltids all ]ive in burrows beneath the soi],  under

fallen logs or  beneath fiat stones.  Ifsuch microhabi-

tats becorne water  ]ogged during the rainy  season,

these animals  cTaw]  out  even  during the day (Rajendran
1985) and  may  be flushcd on  to roads  along  with  the

rainwater. They are then exposed  to vehicular  traenc.

Under normal  conditions,  these  species  are  mainly

active  at night  and  are  more  active  duTing the rainy

season.  The data on  roadkills indicates, although  in-

directly, that thcsc species  occur  in rather  high densi-

ties in these hills, but with  a localised pattern of  distri-

bution, with  a particular abundance  in rainforest, Vk]-

hicu]ar traffic may  be a serious  threat to such  fauna.
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Table 3. Number  of  roudkills  of  Uropeltids aleng  the  main

   December  1997 and  Novernber 1998,
Aliyar-Va]parai road.  Indiru Gundhi  Wildlife Sunctuary, between

IUCNstatus
Dryseason Rainyseason

Species
DryforestRain-forest Ileagarden DryforestRain-forest TleagardenTbtul

Melanophidiumbilineata

BrachNqphidiumrkodogaster

Umpettisphipsoni

Uropettisrubromacutates

Uropeltis etlioti

Uropeltisocellatus

Cfropeltisccylanicus

Uroplctid sps.

   Totu]

DDENLR-ntENDDLR-lcLR-lceoo11ooo2O.10Acm  1

  o

  1

  3

  o

  1

  7

  o

  131.44Acm

ooeeooooo oooo3ooo3  5o

 3

 4o485810128

o1ooo18o10

O.161km 14.22tkrn O.83fkm

  E

  1

  4

  8

  4

 50

  73

  10

 1563.9Ikrn

DD  - I)uta deficie"t
EN-Endangered
LR-nt - bowcr Tisk-"ear  threutened
I.R-lc - Lovver r+sk-]east  concern
Road  scction  lcngths/ 19 km  for dry forest, 9 km  for rainforest.  12 km  for teu garden

  Theabeveobservationsareimportantbecauselittle

attention  has been  paid so  far to the  occurrence  of

roadkills,  especially  of  microfauna.  The  death of  wild

animals  caused  by vehicles  inside the forest area  is a

serious  problem faced in many  wildlife  reserves, and  it

may  have  serious  irnplications for endangered  spe-

cies, Struhsaker(1998), fbr cxample,  reported  that en-

dangered red  colobus  monkeys  fal] victim  to careless

drivers in the forests of  Zanzibar. In another  study,

Singh et  a]. (1999), reported  the deaths of  endangered

slender  loris caused  by vehicles  in the forests of  the

Dindigul region  in [[bmil Nadu, India,

  The  data presented heTe, reveals  that vehicles  on  a

road  inside an  important wi]dlife  sanctuary  ki]1 a wide

variety  of  mammals  and  repti]es,  of  all sizes.  In addi-

tion, vaTious  amphibians,  diurnal terrestria] birds and

nocturnal  birds are  also  killed by vehicles.  Most  of

the  dcaths of  reptiles  occurred  during the  rainy  sea-

son  and  in the wet  forest region.  Although  eur  data

did not  permit us  to ca]cu]ate  the quantitative extent of

the effect of  roadkills on  wildlife, it has certain implica-

tions for management.

  As  far as  mamrnals,  especially  terrestrial mammals,

are  concerned,  they  do  not  occur  in very  high densi-

ties in sanctuaries  that are  mountainous  and  contain

consideTably  large aTeas  under  rainfbrests.  Conse-

quent}y, any  roadkills  may  have a direct effect  on  the

populations of  such  animals.  A  few  species  such  as

Nilgiritahr,1ion-tailedmacaqueandNilgirilangurfound

in Anaima]ai Hills are  endangered  or vulnerable.  Even

the deaths ofa  few individuals from a small  population
may  have an  appreciab]e  effect  on  such  species,

  It must  be emphasised  that many  wildlife  sanctuar-

ies exist not on]y  to preserve wildlife  but also  as a

rccreations  resource  for people in the form ofwi]dlife

tourism, thus the traffic on  such  roads  cannot  be to-

tally avoided.  The peculiar situation in the Anaimalai

Hills is that tea is cultivatcd commercially  in the upper

region  and  generates a high tracac volume  on  the only

approach  road  from  A]iyar to Vti]parai. In addition,

there  is year-round vehicular  activity by the Irrigation

and  Powcr  Generation Departments in these hills; this

is also  largely unavoidable.  Despite the  unavoidable

volume  of trathc, several major  ]cssons can  be leamt
from  the prescnt data leading to a better conservation

and  management  strategy of  the area.

  In order  to reduce  the level ofwildlife  mortality  a]ong

the road, the first step is to minimise  the tourist tracac
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a]ong  the  Toad  during the  rainy  season.  Only the

vehicles  necessary  for the commercial  activity in the

tea plantations should  be permitted to travel. Even

the movement  of  such  neccssary  vehicles  should  be

restricted  to the daytirne alone,  and  night-time  traffic

during should  be restricted  to the absolutely  unavoid-

ab]e  limit. There are  a  few critical  points on  this road

such  as  areas  near  monkey  fa11s, 23HP  and  Andiparai L

Shola that are  regularly  used  by animals  for road  cross-

ing, Speed controls  through  erection  of  road  humps

should  be enforced  in such  critical  places. A  net-

work  of  ropes  connecting  the canopies  of  the  trees

on  both sides  of  the road  at a few critical places may

help the  movement  of  primates through the canopy,

thus reducing  the risk of them  being forced to cross

the road  at  ground leve]. The  upper  side  of  the road

on  slopes  can  be paved  with  stones  throughout  so

that the incidence of  lands]ides wi]1  be minimised  and

the canopy  contiguity  retained.

  There are  several  places in the Anaimalai Hi]ls that

are  critical for wildlife. All of these places have a

forest road  network  of  about  70  kilometres passing
through  thern. These roads  include the road  from

36HP  to Kadamparai  Dam,  from Akkamalai  Gate to

Kona]ar, and  from  Kolikarnuthi to Sholaiyar Power

House,  These  roads  pass through  fragmented

patches of  rainforest. At present, however, neither

commercialnorprivatevehiclesarepermittedonthese

roads.  In the  ]ight of  thc mortality  ofmammals  on  the

current  open  road,  these  roads  should  never  be

opened  for public use,  and  the vehicular  traffic dur-

ing the  rainy  season  even  by the Government  De-

partments should  be kept to an  absolute  minimum.  If

any  new  roads  are  planned, then  they  should  be 1im-

ited to the regions  with  dry deciduo'us forests only,

and  should  be used  mainly  during the  daytime and

during the  dry season.

  Similar strategies  of  management  can  also  bc ap-

plied in all other  protected areas  of  similar nature.
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