
In tro duc tion

Knowl edge of the food re quire ments and the

rates that food is con sumed among pred a tors is a 

pre req ui site for un der stand ing pred a tor-prey

in ter ac tions and for es ti mat ing the im pact and

role of pre da tion on prey spe cies. For large car -

ni vores, in for ma tion on food con sump tion and

re quire ments is par tic u larly dif fi cult to ob tain,

and es ti mates of pre da tion im pact are there fore

of ten based on data from other stud ies (eg

Karanth et al. 2004), or on es ti mates of the met -

a bolic re quire ments of the pred a tor spe cies (eg

Emmons 1987, Laundré 2005). How ever, field

ob ser va tions of kill rates of sev eral large car ni -
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This is the first study pre sent ing data on kill rates and food con sump tion
among Asian leop ards Panthera pardus Linnaeus, 1758. In Bardia Na tional
Park, Ne pal, we found leop ard kills by search ing within ar eas with clus ters of
lo ca tions from ra dio col lared leop ards (2 males and 1 fe male with 2 cubs aged
4–9 months). We used two track ing schemes, 24-h in ten sive ra dio-track ing
and daily mon i tor ing, and we de fined food con sump tion as the prod uct of
av er age prey live weight and pro por tion con sumed. The three leop ards
con sumed 89.2 kg of meat from five chital Axis axis, one do mes tic dog and two
birds dur ing 19 days of 24-h in ten sive track ing, ren der ing an av er age (± SE)
daily food in take of 4.7 ± 0.3 kg per ca pita. Twenty-five prey items (14 chital,
one munt jac Muntiacus muntjak, four pri mates and six birds) were found
dur ing 180 days of daily mon i tor ing of the fe male. All ed ible bio mass was
con sumed in all kills, ex cept for three chital, and the rate of kill con sump tion
was pos i tively re lated to the age of her cubs. The av er age daily food
con sump tion of the fe male was 4.0 ± 0.3 kg/day, the kill rate (days/kill)
in clud ing all prey cat e go ries was 5.6 ± 0.4 days, and the kill rate of ungulates
was 10.6 ± 0.7 days. Our food con sump tion es ti mates are higher than re ported 
from arid Af ri can en vi ron ments. We sug gest that the high food con sump tion
rate in our study is a con se quence of a re lease from time-en ergy con straints
due to high prey abun dance.
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vores show pro nounced intraspecific vari a tion,

with val ues com monly ex ceed ing pre dicted kill

rates from es ti mates of met a bolic re quire ments

(see re view by Jeschke 2007). Hence, the com -

monly used meth ods of es ti mat ing pre da tion im -

pact should be ap plied with cau tion, be cause the

as sump tions on which they are based may be in -

cor rect, or may re quire fur ther ex am i na tion.

This should be par tic u larly rel e vant when deal -

ing with spe cies that oc cupy en vi ron ments with

large dif fer ences in the com po si tion and den sity

of prey. 

The adap tive abil ity of leop ards Panthera

pardus Linnaeus, 1758 is re flected by their wide

dis tri bu tion, which ex tends through out large

parts of Af rica and Asia. Pro nounced re gional

vari a tions in avail abil ity of prey, both with re -

spect to abun dances and prey sizes, pro duce dif -

fer ences in sev eral as pects of their be hav ior,

in clud ing space use and feed ing hab its (see re -

views by Odden and Wegge 2005 and Hay ward

et al. 2006). In view of the marked con trasts

among leop ard hab i tats, in for ma tion on their

kill rates and food con sump tion is se verely lim -

ited. Cur rent data are mainly from semi-arid

and wood land sa van nah hab i tats in Af rica

(Bothma and le Riche 1986, Bailey 1993,

Stander et al.1997), while no stud ies of this kind

have yet been con ducted in Asia. In this pa per,

we pres ent data on kill rates and food con sump -

tion of Asian leop ards with the aim of im prov ing

the gen eral knowl edge of leop ard feed ing hab its

and their in ter ac tions with their prey. 

Meth ods

Study area

Our study area was sit u ated in the south-west ern part

of the Bardia Na tional Park in low land Ne pal (ca 100

m.a.s.l.), bor dered by hu man set tle ments in the east and

the Geruwa River in the west. The cli mate was sub trop i cal

mon soonal with heavy rain fall from July to Oc to ber. The

veg e ta tion con sisted mainly of Sal for ests Shorea robusta

and patches of grass lands dom i nated by Imperata

cylindrica in the east. A patch work of Saccharum spp.

grass lands and a va ri ety of successional for est types dom i -

nated the veg e ta tion along the river. Among the ungulates

in the park, chital Axis axis and hog deer A. porcinus were

the most abun dant;  munt jac Muntiacus munt  jac ,

barasingha Cervus duvaucelii, sambar C. unicolor, nil gai

Boselaphus tragocamelus, and wild boar Sus scrofa oc curred 

in lower num bers (Stren and Wegge 1996).  Ti ger Panthera

tigris was the most abun dant car ni vore; striped hy ena

Hyaena hyaena and dhole Cuon alpinus were less com mon

(Heinen and Kattel 1992, Wegge et al. 2004).  

Cap ture and ra dio mon i tor ing

Three leop ards, one adult fe male and two adult males,

were cap tured in box traps and ra dio-col lared dur ing 1999

–2001 (Odden and Wegge 2005). The fe male (F1) and one of

the males (M1) were mon i tored for a pe riod of ap prox i -

mately two years, whereas the other male (M2) was fol -

lowed for 3 months. We used two ra dio mon i tor ing

pro grams: (I) 24-hour in ten sive track ing ses sions (F1 = 13

days, M1 = 4 days, M2 = 2 days), with pre cise ra dio fixes ev -

ery hour, and (II) daily ra dio track ing for pe ri ods of min i -

mum 10 days. The first five ses sions of 24-hour in ten sive

track ing of F1 were done on con sec u tive days, whereas the

fol low ing ses sions were not. Fur ther de tails are given in

Odden and Wegge (2005). We were not able to fol low the

two males for pe ri ods long enough to be in cluded in the

daily ra dio track ing scheme, thus only F1 was in cluded. F1

was tracked daily for 180 days dur ing eight pe ri ods in the

dry sea sons of two con sec u tive years (Oc to ber 1999 – March 

2000 and Jan u ary 2001 – March 2001). She gave birth to

two cubs in June 1999 and two cubs in Au gust 2000, and

was there fore with de pend ent young aged four to nine

months dur ing the two main sam pling pe ri ods. We al lowed

oc ca sional gaps of a max i mum of one day in the daily mon i -

tor ing plans. How ever, such in ter rup tions only oc curred in

9% of the days in cluded in the anal y ses. 

Kill rates and food con sump tion

The move ment pat tern of leop ards pro vided cues that

we used to find kills. We searched for kills within ar eas

where the leop ards had been ac tive for sev eral con sec u tive

hours (dur ing the 24-hr in ten sive track ing ses sions – Fig.

1), or for at least two con sec u tive days (dur ing the daily

track ing pe ri ods). Ra dio fixes were usu ally ob tained be -

tween 9 am and 5 pm dur ing the daily ra dio track ing. When 

a ra dio fix was po si tioned less than ca 500 m from the lo ca -

tion of the pre vi ous day, we tracked the leop ard in in ter vals 

of ca 1 hour dur ing the rest of the day. This pro ce dure was

fol lowed to make sure that we ob tained fixes while the leop -

ard was feed ing at the kill. We were care ful not to dis turb

the leop ards while they were feed ing to avoid that kills

were aban doned. In or der to es ti mate the bio mass con -

sumed from each kill, we mul ti plied the pro por tion con -

sumed by the live weight of the kill (LW). We as sumed that

the per cent age of wast age from com pletely con sumed kills

in this study was com pa ra ble with es ti mates by Stander et

al. (1997): LW < 5 kg = 0%, LW 5–25 kg = 5% and LW > 25

kg = 30%. Live weights of prey were ob tained from Schaller

(1967), Ali and Ripley (1978), Dinerstein (1980), Fleagle

(1988) and Karanth and Sunquist (1995). De vi a tions from

the max i mum amount con sumed were es ti mated vi su ally.

In three cases, when the sex and age of chitals were un -
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known, we as signed weights to these an i mals by av er ag ing

the weights of 13 other chitals of known sex and age.

We es ti mated the daily av er age bio mass con sumed by

the leop ards dur ing the 24-hour in ten sive track ing ses sions

by us ing Equa tion 1: 
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where FC – daily food con sump tion, LW – live weight of the

kill, TC – to tal pro por tion of the kill con sumed, t – time

spent by the leop ard on the kill dur ing the in ten sive track -

ing ses sion, T  – to tal amount of time spent on the kill be -

fore, dur ing and af ter the in ten sive track ing ses sion and Nh

– to tal num ber of days of in ten sive track ing (19 days). For -

mu las from Thomp son (1992) were used for cal cu lat ing kill

rates and daily food con sump tion for the daily ra dio track -

ing pe ri ods (eq. 2), and vari ances for the es ti mates from

both track ing schemes (eq. 3): 
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where b – kill rate (kills per day) or food con sump tion (kg

per day), i – the sam pling pe riod 1 to n, n – to tal num ber of

sam pling pe ri ods, xi – the num ber of days in sam pling in ter -

val i to es ti mate to tal num ber of kills (Y) where yi = the

num ber of kills in sam pling in ter val i (or kg of prey killed in 

sam pling pe riod i). 
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where x – to tal num ber of days sam pled and X – the num -

ber of days be tween the start and the end of each of the two

main sam pling pe ri ods (X = 237). The fi nite pop u la tion cor -

rec tion (1 – x/X) was ex cluded from the es ti mates based on

24-h track ing.
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Fig. 1. Move ment pat tern of a ra dio-col lared fe male leop ard with cubs in Bardia Na tional Park, Ne pal, dur ing 5 days of in ten -
sive track ing. White dots rep re sent the lo ca tion of the leop ard ev ery hour. The cir cle in di cates a clus ter of fixes where one kill
– an adult male chital – was found later.



Re sults 

24 hour in ten sive track ing 

Dur ing the 13 days of in ten sive track ing of

F1 we found 3 chital, 1 pea cock Pavo cristatus

and 1 paddy bird Padda oryzivora (Ta ble 1). M1

killed 2 adult male chital and 1 do mes tic dog

dur ing 4 days of in ten sive track ing. No kills

were re corded dur ing the 2 days of in ten sive

track ing of M2. All ed ible bio mass was con -

sumed from the kills made by F1, while two of

the kills of M1 were only par tially eaten. We es -

ti mated that the three leop ards con sumed 89.2

kg of meat dur ing the 19 days of in ten sive track -

ing, ren der ing an av er age (± SE) daily con sump -

tion of 4.7 ± 0.3 kg of meat dur ing this pe riod for

all the leop ards. The males con sumed 4.3 ± 1.1

kg/day and the fe male con sumed 4.9 ± 0.4

kg/day. In three in stances, the leop ards fed on

kills that had been made be fore the track ing ses -

sions started. Hence, since only five of the eight

prey items were killed dur ing the track ing pe ri -

ods, the sam ple size was too lim ited for es ti mat -

ing kill rates.

Daily track ing

We found 25 kills dur ing the 180 days that F1 

was tracked daily. Among these, there were 14

chital (6 adult males, 4 adult fe males, 1

year ling, 2 fawns, 3 of un known sex and age), 1

In dian munt jac, 4 pri mates (2 rhe sus ma caques

Macaca mulatta and 2 com mon langurs

Semnopithecus entellus), and 6 birds (4 pea fowl,

1 un iden ti fied rap tor and 1 paddy bird. The uti -

liz able body mass of all but 3 kills was con sumed 

en tirely.

There was a sig nif i cant and pos i tive re la tion -

ship be tween the live weight of the kills (LW)

and the num ber of days spent at the kill site (T)

(F = 16.30, df = 18, p = 0.001). How ever, a stron -

ger re la tion ship was ob served be tween the to tal

amount of meat con sumed from the kills (MC)

and T (F = 29.96, df = 18, p < 0.001; Fig. 2). The

age of cubs (CA) did not pre dict T (F = 0.26, df =

18, p = 0.616), LW (F = 3.474, df = 18, p = 0.080)

or MC (F = 2.97, df = 18, p = 0.103). How ever, we

found a sig nif i cant re la tion ship be tween daily

con sump tion rate while feed ing at kills (MC/T)

and CA (4.84, df = 18, p = 0.042), in di cat ing that

kills were con sumed faster when the age of the

cubs in creased (Fig. 3).

The daily straight-line move ment dis tances

dur ing pe ri ods of con firmed kills av er aged

194 ± 43 m (SE), and 1128 ± 100 m be tween

kills. The dif fer ence in ln-trans formed move -

ment dis tances was sig nif i cant (t-test: t = –7.77,

df = 117, p < 0.001). By ex am in ing the dis tri bu -

tion of the ra dio fixes of F1, we iden ti fied 9 pe ri -
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Ta ble 1. Es ti mated amount of bio mass con sumed from kills made dur ing 19 days of hourly in ten sive track ing of 3 ra dio
marked leop ards (Fe male F1, Males M1 and M2) in Bardia Na tional Park, Ne pal. Live weights (LW, kg) of prey were de rived
from aSchaller (1967), bAli and Ripley (1978), cown ob ser va tions or dby av er ag ing the weights of 13 chitals of known sex and
age that were killed by a fe male leop ard in our study area. The col umns of to tal bio mass con sumed re fer to the to tal con sump -
tion dur ing the pe ri ods be fore, dur ing and af ter the in ten sive track ing ses sions. P – the con sumed pro por tion of the kill, CW –
weight of the con sumed mass, Ad – adult, M – male.

Predator
Prey Biomass consumed during tracking Biomass consumed in total

Species   Age/Sex LW P  CW Days P CW Days

F1 Chital Ad/M 64
a

0.53 33.6 3 0.70 44.8 4

F1 Chital Ad/M 64 0.23 14.9 1 0.70 44.8 3

F1 Peafowl Ad/M 5
b

0.95   4.8 1 0.95   4.8 1

F1 Paddy- bird ? 0.4
c

1.00   0.4 1 1.00   0.4 1

F1 Chital ? 57.5
d

0.18 10.1 1 0.70 40.3 4

M1 Chital Ad/M 64 0.00   0.0 1 0.00   0.0 0

M1 Chital Ad/M 64 0.25 16.0 1 0.25 16.0 1

M1 Dog ? 20
c

0.48   9.5 1 0.95 19.0 2

Sum 89.2 170.0



ods with mark edly short daily move ments (131 ±

20 m), in di cat ing that kills had been con sumed

that we were un able to lo cate. In or der to ap -

prox i mate the weights and spe cies cat e go ries

(ungulates and other prey) of the sus pected

kills, we an a lyzed the re la tion ships be tween the

to tal amounts of meat con sumed from the con -

firmed kills (MC), the num ber of days spent at

the kill site (T) and the age of the leop ard’s cubs

(CA). The best Gen er al ized Lin ear Model pre -

dict ing MC in cluded only one term, T (Ta ble 2).

MC did not in crease lin early with T. In stead, it

in creased abruptly in the in ter val 1 day to 3

days, and tended to level out when more than 3

days had been spent at the kill. Ac cord ingly, a

log a rith mic model of the re la tion ship be tween

MC and T per formed better than the lin ear

model (DAICc = 7.05, Fig. 2), and the fol low ing

for mula was used to ap prox i mate the amount of

meat con sumed dur ing pe ri ods of sus pected kills 

(MS): MS = 26.3ln(T) + 9.4. 

The pre dicted amounts con sumed from six of

the sus pected kills were 9.4 kg, and ranged be -

tween 27 and 52 kg in the three re main ing kills.

Hence, a min i mum of 3 sus pected kills were

ungulates, as these were the only avail able prey

spe cies weigh ing more than 27 kg. Since nearly

all con firmed un gu late kills were com pletely

con sumed, we as sumed that the six sus pected

kills with con sump tion < 10 kg were not un gu -
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Fig. 2. Prey con sump tion of a leop ard fam ily group (2 cubs)
in Bardia Na tional Park, Ne pal: the re la tion ships be tween
the length of feed ing pe ri ods (no. of days from a prey was
killed un til it was aban doned) and the to tal amount of meat 
con sumed from the kill. 

Fig. 3. Prey con sump tion rates of a leop ard fam ily group (2
cubs) in Bardia Na tional Park, Ne pal: the re la tion ships be -
tween the age of the cubs (months) and the rate of meat
con sump tion while feed ing at kills (kg/days).

Ta ble 2. Prey con sump tion of a fe male leop ard with cubs in Bardia Na tional Park, Ne pal:
Gen er al ized Lin ear Mod els of how the age of cubs (CA) and num ber of days spent feed ing
on kills (T) pre dicted the to tal amount of meat con sumed from the kills. * – p < 0.05,
** – p < 0.001. AICc – Akaike In for ma tion Cri te rion cor rected for small sam ples. W –
Akaike weight. 

Model Parameters AICc DAICc W

M1 T* – CA + T:CA 142.32 3.23 0.14

M2 T** + CA 141.75 2.66 0.18

M3 T** 139.09 0.00 0.68



lates. The es ti mated kill rate of ungulates by F1

based only on con firmed kills was 1 per 12.9 ±

1.0 days (Ta ble 3). In clud ing sus pected kills pro -

duced an es ti mate of 1 per 10.6 ± 0.7 days. In -

clud ing all kill cat e go ries, the kill rates were 1

per 7.8 ± 0.6 days and 1 per 5.6 ± 0.4 days among 

con firmed kills and con firmed + sus pected kills,

re spec tively. The fe male F1 con sumed up to 4.0

± 0.9 kg of meat daily (Ta ble 3).

Dis cus sion

Re sults dif fer mark edly among stud ies of

leop ard kill rates and food con sump tion (Ta ble

4). Con cern ing daily food con sump tion, the es ti -

mates re ported by Stander et al. (1997) are rel a -

tively low, whereas our es ti mates and those

from Bailey (1993) are higher. The es ti mates of

kill rates show an op po site pat tern; Stander et

al. (1997) and Bothma and le Riche (1986) pre -

sented higher kill rates than re ported in Bailey

(1993) and in our study. 

Eval u at ing the dif fer ent meth ods is a rea son -

able start ing point when ex plain ing these dif fer -

ences. We showed that the amount of time the

leop ards spent at the kill sites was pos i tively re -

lated to the sizes of the kills. Fur ther more, the

pre dicted sizes of sus pected kills were gen er ally

smaller than the con firmed kills. These find ings

im ply that the prob a bil ity of find ing kills was

pos i tively re lated to their size, and that our kill

rate es ti mate that in cluded all kills, both large

and small, may have been some what lower than

the ac tual kill rate. On the other hand, the es ti -

mated rates of kill ing ungulates should be more

ac cu rate. Among the meth ods ap plied in our

study, we con sider the daily ra dio track ing with

in clu sion of sus pected kills to have pro vided the

most ap pro pri ate data for com par i sons with

other stud ies. This method pro duced the larg est

kill sam ple and, thus, more pre cise es ti mates of

food con sump tion than the 24h in ten sive track -

ing method. Fur ther more, in clud ing sus pected

kills in the es ti mates re duced what we be lieve

was the most pro nounced bias in the food con -

sump tion data, ie un der es ti ma tion. Among the

other stud ies, Bailey (1993) used a method

some what sim i lar to ours, ie it was based on

daily ra dio track ing and the in clu sion of sus -

pected kills. Stander et al. (1997) and Bothma

and le Riche (1986) may have avoided un der es ti -

ma tion by fol low ing the daily track routes of

leop ards, which prob a bly en sured that a very

large frac tion of kills were dis cov ered, re gard -

less of size. Ac cord ingly, un der es ti ma tion of

small prey in our study and in Bailey (1993) may 

be a fac tor that par tially ex plains the dif fer ence

in kill rate es ti mates among the stud ies. 

Dif fer ences in prey avail abil ity among the

study ar eas may be an other fac tor ex plain ing

the dif fer ent kill rate es ti mates. In Stander et al. 

(1997), the two most fre quently killed prey spe -

cies, steen bok Raphicerus campestris (13% of

kills) and dui ker Sylvicapra grimmia (32.8% of

kills) oc curred in a to tal den sity be low 0.5 in di -

vid u als per km
2
. To our knowl edge, no es ti mates 

of prey den sity are avail able from the study area 

of Bothma and le Riche (1986). How ever, the fact 

that the sizes of leop ard home ranges in that
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Ta ble 3. Kill rates and food con sump tion rates (± SE) of a ra dio col lared fe male leop ard
with cubs in Bardia Na tional Park, Ne pal. “Con firmed kills” were found by search ing in
clus ters of ra dio fixes af ter the leop ard had left the lo ca tion. “Sus pected kills” were as -
sumed to have oc curred at times when daily move ment dis tances were mark edly shorter
(131 ± 20 m (SE)) than the av er age move ment dis tance (1128 ± 100 m).  

 Ungulates All kills

 Confirmed
Confirmed +
Suspected

 Confirmed
Confirmed +
Suspected

Kill rate    (days/kills ± SE) 12.9 ± 1.0 10.6 ± 0.7  7.8 ± 0.6 5.6 ± 0.4

Consumption rate (kg/day ± SE)   2.7 ± 0.2   3.4 ± 0.2  3.0 ± 0.2 4.0 ± 0.3



area were the larg est ever re corded in the world

(Bothma et al. 1997) is an in di ca tion of low prey

den sity (Gittleman and Harvey 1982). In con -

trast, Bailey (1993) re ported a rel a tively high

prey den sity and, in our study area, the den sity

of the most com mon prey spe cies, chital, ex -

ceeded 50 in di vid u als per km
2
 (Odden 2008). As

a con se quence of the high prey den si ties, the

leop ards may have been more se lec tive to wards

larger prey sizes, im ply ing that fewer kills were

needed to ful fill the en er getic de mands.

In ter est ingly, the high est es ti mates of daily

food con sump tion (this study and Bailey 1993)

stem from the two study ar eas with the low est

es ti mates of kill rates and the small est av er age

leop ard home ranges (Bothma and le Riche

1986, Bailey 1993, Bothma et al. 1997, Stander

et al. 1997, Odden and Wegge 2005). These find -

ings con flict with the con clu sion of Gittleman

and Harvey (1982), that food con sump tion

should be higher where range sizes are large due 

to a pos i tive cor re la tion be tween range size and

met a bolic needs. The re sults may be better ex -

plained by Wil son’s (1975) prin ci ple of strin -

gency, ie that time-en ergy bud gets are evolved

so as to fit pe ri ods of low food abun dance, or

large food re quire ments (eg rear ing of off spring

or re pro duc tive ac tiv i ties). Ac cord ing to Jeschke

(2007), the prin ci ple of strin gency im pli cates

that car ni vores are of ten re leased from time-en -

ergy con straints in ar eas where food abun dance

is high. The con trast ing con sump tion rates

among the leop ard stud ies may there fore re flect

dif fer ences in time-en ergy con straints due to the 

pro nounced dif fer ence in prey avail abil ity. In

other words, rel a tively high con sump tion rates

may be pos si ble when prey den sity is high.

Leop ard kill rate in Ne pal 7

Ta ble 4. Es ti mated kill rates and food con sump tion rates of leop ards re ported from this study and pre vi ous stud ies.

Reference
Habitat  and                                 

location

Kill rates                          
(days/kills ± SE)

Consumption rates        
(kg/day ± SE)

Remarks           

Male
Single
female

Female
with
cubs

Male
Single
female

Female 
with 
cubs

This study Subtropical forest, 5.6±0.4 4.3±1.1 4.0±0.3  Kill rate: Daily radio-tracking of   

Nepal 1 female, 25 confirmed and 

9 suspected kills.

Consumption rates: 6 days of 24h

tracking of 2 males and 180 days

of daily tracking of 1 female

Stander et al. Semi-arid savannah 4.6 5.1–5.6  3.9–4.4 3.1–3.3 1.6±0.5 2.6±0.5  Daily follows of spoor. 

(1997) Namibia 131 kills

Bothma and Semi-arid savannah 3.3  1.5  3.5 4.9 Kill rates: Daily follows

le Riche (1986) South Africa of spoor. 24 kills.

Consumption rates:

1 male (sample size not

reported) and 2 females

(followed for 14 days)

Bailey (1993) Woodland savannah  7.2  7.5   4.4–4.7  Kill rates: Daily radio-tracking. 

South Africa 95 kills, including confirmed and

suspected kills.

Consumption rates: Daily  tracking

of 2 males for 40 days each
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