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ABSTRACT -

r

Ranging behavior and habitat preferences of a newly translocated population (Bardia)

were studied during 1990-1993, and movement patiern was compared with that of the donor

years afier translocation, the annual home range sizes were 25.129.3 km? and 41.824.4 km?
$¥for adult females (N = 8) and males (N = 2), respectively (p < 0.05). Range sizes of four
social groups did not vary between seasons, but during the hot season and the monsoon
' female’s with young calves (< 1 year old) had smaller ranges than single females and females
with older calves. Seasonal home range size of males varied with social status; when a
g ) Ounger male with a smaller range size displaced an older male with a larger range and
became the dominant breeder, his seasonal ranges expanded whereas those of the former
dnmm.ml's decrcased in size.

Annual and seasonal home ranges of animals in the Chitwan donor population were
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preferences of this and the donor population have been reported elsewhere (Jnawali, in ms) !
In another preliminary study, the home range sizes of the Bardia population were found tof
be much Luger compared to the donor population in Chitwan (Wegge and Inawali 1993)
Another purpose of this study was, therefore, to compare the ranging behavior of lhc
iranslocated founder population with the dense donor population and to examine the reasons

for the different spacing pattern observed.

STUDY AREA

Thc Bardia lmnsloc‘mon h’lhlld( ofdboul 70 ki’ is located in the south- \\’LS[C[H Lomu

of R Roy: al[Bardia N.monal Park}(81° 20" E and 28° 35° N))(Flg D. It conmst.s..baszcull) ofa
e e

narrow strip of alluvxal ﬂoodplam along Geruwa river. About one third of the area xtends!

~— ————

buwem th p.xrl bound.lry and the Indo-Nepalese border in the south. Topooraphxcall) the

e

a large number of small riverlets originating from Geruwa river, The climate, soils, fauna and t-

—— e ——

flora is described earlicr (Dinerstein 1979a and 1979b).
"—"Thc Bardia study area consists of ten distinct habitat types (Table 1). Sal forest,
dominated by Shorea robusta and Buchhania latifolia, covers the drier upland in the north-
eastern section (Fig. 1), Riverine forest, dominated by Mallotus phillippinensis and Syzigium
cumini, grows on poorely drained soils along the riverlets. The floodplain is composed of
patches of Tall Grasstand dominated by Saccharum spontaneum, and successional Khair
Acacia catechu - Sissoo Dalbergia sissoo forest. Phantas (previously cultivated fields) and
Wooded Grasslands are dominated mainly by short grasses such as Imperata cylindrica
(Pokharel 1993). Mixed Hardwood forest occupies a small portion of the study area
intermingled with Riverine forest, Khair-Sissoo forest and Wooded Grassland in the northem
section of Khauraha island. Bushy pastures are heavily grazed areas along the village
boundary outside the park and are mostly located in the southern section. A detailed
description of these habitat types is also available elsewhere (Dinerstein (1979a), Jnawali in
ms).

In Chitwan, mainly five habitat types are found, viz. Riverine forest, Sal forest, Tall

Grassland, Bushy Pasture and cultivated land. The latter four are similar to those found in
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but Riverine forest differs in specics composition. In Chitwan, this vegetation i’

richer and dominated by Trewia nmdiflora with abundant Bombax ceiba and L
Cis richer @ d ‘
Besides, two important browse species, Murraya paniculata and CofE

Large tracts of intensively cultivated land and less preferred Sal forest occur ouls :
" the boundaries of both study areas. During a two-week period in early winter, seveliif
' housand local villagers are rermitted to cul grass inside the parks. which, combincd

reduces the density and cover in the floodplains.

TV T

widespread grass burning,

The fauna in both parks is similar, except for nilgai Boselaphus tragocamelus a ‘

o o

wamp deer Cervus duvaceli being confined only to Bardia and gaur Bos gaurus only

[

" Chitwan. Large mammals commen to both ateas besides rhinoceros include tiger Panth

Cogy

tigris, leopard P. pardus, sloth bear Melursus ursinus, wild boar Sus scrofa several speciqg
P of deer (Axis avis, A, porcinus, Cenvus unicolor, and Muntiacus muntgjack and transicnt wil

clephants Elephas maxiinus.

MATERIALS AND METHODS

The Bardia founder population, consisting of 2 adult males, 5 adult females, 3 subadul
females, and 3 subadult males, were captured near Sauraha in Chitwan and translocated a
released at the same sile in the upper Karnali floodplain, about 10 km north of the Pa
headquarter (Fig. 1). During 8 years after release in 1986, 9 animals died and 11 calves
born. In late 1994, the population consisted of 15 individuals (3 malcs, 8 females and4"
Calves, estimated at a density of approximately 0.3 animals/km? (Jnawali and Wegge, in ms).}

Data from Chitwan used in the present comparison were taken from a subpopul’mon
residing near Sauraha in the northeast part of the park. This population has been intensively
studied by Laurie (1978 and 1982) and Dinerstein and Price (1991), and consists of > 100
Aumals in prime habitats along the I.{:lpli river, estimated at a density of 8-10 animals/kn §
tDinerstein and Price 1991).

In 1990, nine of the 10 founders then alive in Bardia were captured and equipped wuh
f280 transmitters in the 142 Mhz frequency range. In addition, one subadult female born in

Bardia was also radio instrumented in 1992. All animals were immobilized using the same §
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drugs and techniques as described by Dinerstein et al. (1990). The drug dose was increased
to 2.5 - 3 mg of M99 and 1.5 mg of acepromazine 1o ensure rapid immobilization. Animals
were tracked during day-time, using a portable receiver and two element antennas, and located
by triangulation, cross bearings or by direct approach. Tracking was carried out by elephants
during the monsoon and by car and bicycle during the dry season. On average, all animals
were tracked 3 times per week, The tracking periods were divided into three seasons - winter
season (November-February), hot season (March-June) and Monsoon (July - October).

In Bardia, a total of 164} locations from 10 rhinoceros were obtained between
February 1990 and March 1993, In Chitwan, data (N = 652) were obtained from five animals
(1 male and 4 females) racked during 1985-87. Locations were plotted on aerial photos
(1:35000 in Bardia and 1:30000 in Chitwan) and later transferred to topographic maps. In
both study arcas, composition of vegetation types were identified and mapped based on
transect sampling and later measured by a digital planimeter (Jnawali, in ms),

Roth scasonal and annual home ranges were drawn as convex polygons using the
*modificd minimum area method” (Harvey and Barbour 1965) as modified by Wegge and

Larsen (1987): the distance between the two widest locations was divided in half. A line was

then drawn clockwise between all successive outermost puints that were spaced shorter than

this half maximum distance, Locations further away than the maximum distance were defined
as excursions and were excluded in the estimate of home range sizes, The size of a home
range is a lunction of sample size (Voigt and Tinline 1980). In the present study an
asymptotic relationship between home range size and number of location was obtained after
28 day locations. Hence, animals with less than 28 locations were excluded from the analysis
of seasonal home ranges.

In Bardia, > 95% of the consecutive locations of cach individual animal were spaced
at intervals of 48 hours or more. Thus, autocorrelation was not considered a problem with the
Bardia data set. In Chitwan, animals were tracked more frequently. To avoid autocorrelation
and make data comparable with Bardia, only locations between 48 and 5] hours intervals
were used.

The occupancy center (OC), or geographical center of a home range, was defined as
the intersection of the average distance of locations measured along the x and y coordinates
(Wegge and Larsen 1987). 50% of the day locations nearest to the occupancy center were

used to estimate the core area of each seasonal home range. The size of home range and core
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areas Wits measured by a digital planimeter. Home range stability was determined
calculating overlap of successive seasonal home ranges and core areas. Range length, def
a5 the minimum distance moved by an animal during a given time interval, was CSlill;:l‘
using the method described by Wegge (1985). In this study, an interval of 50 hrs (3 days)
used 10 estimate and compare movement pattern within home ranges.

Habitat prefercnces were examined at three levels: (a) comparing frequ
distributions of animal location on habitat types with distribution of habitats within thet
study area. (b) comparing frequency distribution of habitats within seasonal corc areas
frequency distribution of habitats within total study area, and (c) comparing frequexj
distribution of animal locations on habitat types with frequency distribution of habitats u:‘;!j
<casonal home ranges of each individual animal.-For the latter, cach animal’s frcquc,"‘:

distribution on each of the three main habitat types, viz. Tall Grassland, Khair-Sissoo, a,

(

b

Riverine forest, was plotied against the frequency of the same habitat within the anima

home range. Plots on the 45° median line indicated that the animal made no active sclecti

for that particular habitat (Kolstad et al. 1985).

Preference for particular habitats was determined by Bonferroni confidence interv
(Neu et al. 1974, Byers et al. 1984). Iviev's Electivity Index (IEI) was employed to estima
the degree of preference or avoidance of cach habitat types (Ivlev 1961). Seasonal habit]
preferences by individual animals were determined by the relative proportion of individus
animal “plots” which fell on cach side of the median line and were analyzed by the Wilcoxe

matched pair signed-rank test.

RESULTS

Home range

Average annual homie range sizes of females and males of the translocated population ;

1n Bardia were estimated at 25.1+9.3 km® and 41.8+4.4 km’, respectively, whereas in Chitwan

they were only 2.9 km?® (ferales) and 3.3 km? (males) (Table 2). Similarly, seasonal home
tanges of females and one male in Chitwan were € 10% that of Bardia animals. The
coiresponding core areas of Bardia animals were also considerably larger than those of

81 &

L )
-




Chitwan animals.
In Bardia, annual honwe range size of females with calves were not different from that { smal
cgtermined b )
of single females (Wilcoxon rank-sum test, W, = 8, nl = 2, n2 = 6; p > 0.05) . The annual ¢ (han
ength, defined .
ize ales was sienifi ; H ¢ : = 1¢ =23, n2=
, was estimate home range size of males was significantly (Wilcoxon rank-sum test, W, = 19, nl = 2, n2 '
s (3 days) wa 8; p < 0.05) larger than the average annual home range size of single females and females | (Fig.
! 1
. with calves lumped together (Tuble 3). ! distar
‘ing | frequen ' /
ishin the ‘ In Bardia, no statistical differences were detected between size of seasonal home COLlk
within the tota '
-ore dgeds witk ranges of four different social groups (Kruskal-Wallis test, p > 0.05, all groups) (Table 4). In | hoUm
ring frequencyll L . : ‘
) : the hot and monsoon seasons, the size of home ringes of females with older calves (> 1 year) & and
habitats withia !
al’s frequency and single females were both significantly larger than the females with small calves (< | year) .'
- [
lir-Sissoo, and ’ (Wilcoxon rank-sum test, p < 0.03, all), but no such differences were observed in winter. In | distang
n the animal’s .
) . ! all three seasons, mean home range sizes of males were larger than that of females with big km for
clive selection
calves and single femules combined, but non of them were statistically signiticant (Wilcoxon I or e
lence intervals Il . . . . .
ence intervals y rank-suun test, p > 008, all). Among the two males, size of home ranges changed with social {Fig. 3
ed to estimate : .
2 - 'R status (Table 4). When the younger, subadult male (337) replaced the older, dominant breeder signific
asonal habitat J
of individual 1"} « (275) in the monsoon, home range sizes of hoth changed in opposite directions.
~ & .
the Wilcoxon <! . . . o
xon. &Y Females tracked in consecutive seasons (hot = 5, monsoon = 4 and winter = 2) were OCs w
used to detect changes in home range size from one year to the next. In general, ranges | mover

i increased slightly (8.6%) in consecutive seasons, but none of the changes were statistically | nearly
significant (Wilcoxon matched pair signed-rank test, p > 0.03, all) (Table 5). Bardia

All instrumented animals remained mainly within a narrow strip of the floodplain the hot

:d population & along Geruwa river with remarkable overlap in seasonal home ranges (Table 6). For females,
s in Chitwan g | the mean seasonal home range overlap ranged from 54.9% to 74.8%, whereas for males il
asonal home ranged from 41.2%% to 51.3%. The seasonal core area overlap ranged from 21.6% to 43.8%

nimals. The 1
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(females) and from 18.65 10 21.0% (muales). Overlap was targest during the hoUmonsoon.ﬁ!

H . foort . . ,
smallest during monsoon/winter scasons, Seasonal overlap of males was consistently smal,

than that of females (Table ), . "

!
In Bardia all radio marked animals shified their occupancy centers between sec

(Fig. 2). in spitc of large seasonal overlap in home ranges (Table 6). For males the
distances between OCs ranged from 3.3 km to 6.2 km, whereas for females they ranged froff
1.1 km to 3.1 km. The difference between sexes were s_igniﬁcam in the winter/hot ;a '3
hotmonsocon scasons (Wilcoxon rank sum test, p < 0.05, both) but not between the mo (S
and winter (Wilcoxon rank sum test, W, = 13, nl = 2, n2 = 8, p > 0.05).

In Bardia, animals moved extensively within their home ranges (Fig. 3). I\'lea'n lineag..
distance within ca 50 hoyrs intervals rang:d from 2.3 km 10 4.1 km for males and 2.5 o 2§ ]
km for females (Table 6). Thus. within few days animals traversed most of their home ranges 8
For example, one fc;l\(llc made a journey of about 11 km (location 23 !(; 24) in < 35 hous§
{Fig. 3). On average, males tended to move longer thin females, but the difference was only A—,‘
significant in the hot season (Wilcoxon rank sum test, W, = 13, nl = 2, n2 = 5 p < 0.05).

With smaller annual and seasonal home ranges in Chitwan, distances between seasondl
OCs and range lengths were also much smaller there than in Bardia (Table 6). Howcvérl.
movement in relation to home range size was almost as large: animals moved less but covered
nearly the same proportion of their home range within the same time interval. Compared with
Bardia, extent of seasonal home range overlap was larger among Chitwan females, except for

the hot/monsoon season. The male here had larger overlaps in all three seasons.
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Habitat use

Bardia animals preferred Khair-Sissoo forest, Riverine forest and Tall Grassland and
avoided Sal forest, Wooded Grassland, and River and Riverbeds (Table 7). Mixed Hardwood
forest was used according to availability. Among preferred habitat types, highest preference
was observed for Riverine forest (IEI = 0.744). Sal forest was the most avoided (IEI = - 0.93),
and animals were not located in Bushy pastures, Phanta and Agricultural lands during
daytime.

Riverine forest was preferred in all three seasons by females (Table 8 and Fig. 4),

whereas males preferred this habitat only during the hot and winter seasons (Table 8). When

.seasonal usc of habitats was tested on an individual animal level, this habitat was used

signiﬂcﬁmly mor'c in the hot and winter seasons (Wilcoxon matched pair signed-rank test,
t = 55 and 54, respectively, n = 10, p < 0.01, bothy (Fig. 5).

Khair-Sissoo forest was also preferred in all three seasons by females (Table 8, Fig.
4), whereas males breferrcd this habitat type only during winter. Test. for seasonal use by
individual animals confirmed that this type was preferentially used mainly during winter
(Wilcoxon matched pair signed-rank test t = 51, n = 10, p < 0.01) (Fig. 5). This was also
reflected in the composition of habitat types in the seasonal core areas. Highest proportion
(X = 40.4£5.4SD) of Khair-Sissoo forest was recorded during winter (Table 9).

Tall Grassland was preferred during hot and monsoon seasons by females whereas
males preferred this habitat type during the monsoon only (Table 8). Both sexes used very
litle of this habitat during winter (Table 8). Test for scasonal uge by individual animals also
disclosed that this habitat was preferentially used during the monsoon and hot scasons
(Wilcoxon malched pair signed-rank test, p <0.01) (Figt 5). Furthermore, core arcas contained

the highest proportion of this habitat during the monsoon (% = 32.3+2.9SD), confirming that
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non-settled ranging behavior, lower anhimal density or poorer habitat quality in Bardia.
Because data on ranging behavior was collected only five years afier translocation, animals
in Dardia may not yet have scutled down. However, seasonal home ranges did not decrease
from 1990/91 to 1991/92. In fact, they tended to increase (Table 5), although large individual
differences were observed. Seasonal ranges were also spatially quite stable from one year (o
the next, and suppplementary data collected in 1993 supported the general pattern that
individual animals continued to roam ovar the same large arcas in which they had settled in
1990.
Kiwia (1989) and Pienaar et al. (1993) found an inverse relation between the home
“range size and density of black Diceros bicornis and white Ceralotheriur‘p- simun"z simum
rhinoceros, respectively. In high density areas, movement of individual animals‘may be
restricted by animals in neighbouring areas, as found ameng African buifaloes Syncerus caffer
(Funston ¢t al. 1994). Here, the borders of home ranges of individual herds were dictated
mainly by the proximity of neighbouring herds. But rhinoceros are basically non-territorial
and solitary animals (Laurie 1978). Hence, the size of home ranges is not expected to be
influenced by the presence of other conspecifics.
However, the extremely low animal density in Bardia (ca | animal per S km?) may
have triggered extensive movement unrelated to habitat quality per se. The highly skewed sex
ratio of only one mature male/8 breeding age females and a widely spaced distribution pattern
of females may have induced movement by both sexes searching for mates. Indirect evidence
of ovulations not leading to conception indicates that females, on occassion, did not make
contact with the dominant male when in estrous (Jnawali and Wegge in ms). The pronounced

increase in movement by the younger male after he became the dominant breeder also

suggests that mating behavior may have affected space use.
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In general, home range size s Hkely to increase when large numbers of animals
cxploit the sime recources (D 1087, Thus, asstming a similar resource base in hoth
arcas, home range of Chitwan animals is expected to be Jarger, and not smaller, than those
of Bardia animals, Based on resource requirements, home ranges of rhinoceros are probably
determined by productivity, availability and distribution of seasonal foods and access to
habitats for shelter, heat avoidance and wallowing. Tall Grasslands and Riverine forests are
the critical habitats for the greater one-horned rhi'goccros (Lnu'ric 1978, Dinerstein and Price
1991, and this study). Besides, agricultural crops become an important component of their diet
late in the monsoon and during ic early part of the dry season (Laurie 1978, Jnawali 1989).
In Chitwan, continuous blocks of Riverine forest surrounded by large tracts of grassland
combined with closely located agriculture reduce animals movc'mcnl (Fig. 7). Unlike in
Chitwan, in Bardia the 'prcfcrred habitats are fragmented in small patches unevenly distributed
throughout the north-south elongated floodplain (Fig. 7). This probably leads not only to
larger shifts in location of seasonal occupancy centers but also to more extensive movements
within each season. Hitchens (1969) and Laner and Gates (1993) also observed larger home
ranges of black rhinoceros and wood bison Bison bison, respectively, in areas where food<
resources were more dispersed, and Owen-Smith (1973) reported that white rhinoceros
extended their ranges during winter when water was in short supply.

Moe and Wegge (1995) stated that the fine grained habitat pattern in Bardia compared
to Chitwan reduced the home range size of axis deer Axis avis, in spitc of a much higher
animal density there. But habitats preferred by rhinoceros differ from those preferred by axis
deer, The daily food intake by rhinoceros of about 15-20 kg of organic matter (Foose 1982,
cited in Owen-Smith 1988) is extremely high compared to small ungulates. In Bardia,

individual patches of preferred habitat are probably (oo small to supply sufficient quantity of
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Like in black rhinoceros (Kiwia 1989), average annual home range size of Bardia 7
males was significantly larger than the average annual home range of females, This was
mainly because their scasonal home ranges were mote spaced than those of females. However§
the seasonal home ranges of males were also larger, probably duc l;) males’ extensive
movement in search of females. Furthermore, larger home ranges among males may qlsé be
explained by differences in areas necded to fulfill metabolic requirements (McNab 1963), as

adult males are 20-25% larger than femles (Laurie 1982),
Only during the monsoon was home range size of females with calves smaller than

other female social groups. The flooded riverlets may have limited more extensive movement

of young calves during this season.

Habitat use

In Bardia, Riverine forest was heavily utilized during winter and hot seasons
(Fig. 6). Mallotus phillippinensis and Syzigium cumini are dominant tree species in this habitat
type. of which Mallotus constitutes an important part of the diet (Jnawali in ms). Calamus
tenuis, a climbing palm also basically confined to the Riverine forest, was also exploited
mainly during the hot and winter seasons. Furthermore, Riverine forest with unpenectrable
bushes of Calamus, particularly in the southern section of the study arca, also provides good

shelter during winter when animals raid crops during night-time.
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Khair-Sissoo forest was also preferentially used during winter. With a dense and
abundant understorey  vegetation, consisting mainly of Murraya koinigii, Pogostemon
bengalensis and Callicarpa macrophylla, this habitat type provides suitable shelier when the
Tall Grassland becomes more open after grass cutting and burning in early winter,
Furthermore, Callicarpa is an important food plant during this season. Females preferred
Khair-Sissoo forest also during the hot season and thc.monsoon. During the hot season
animals voraciously exploit Datbergia sissoo and Callicarpa macrophylla (Jnawali in ms).
Monsoon use of Khair-Sissoo forest was probably related to shelter to escape from blood
sucking tabanid flies Tabanus sp.., which are prevalent in Tall Grassland during that part of
the year.

Tall Grassland in the tloodplain was highly preferred by both male and females during
the monsoon, when animals mainly exploit grasses common in this habitat. Preferred
Succharum spontancum, 8. bengalensis, Arundo donax and Erianthus ravennae make up about
70% of the dict in this season (Jnawali in ms). Tall Grassland also attracts animals during the
hot season when new flush becomes available after the first rains late in the hot season.

Othier habitats in Bardia - Sal forest, Mixed Hardwood forest and Wooded Grassland - “
. |

received very little use. These habitats are of little importance in terms of food plants. |

Common grasses in the latter two habitats (/mperata cylindrica and Desmostachia bippinara)

receive some use only during the early sprouting stages, and sal seedlings were not eaten

(Jnawali, in ms). Also, with an open understorey vegetation neither of these habitats provide

good shelter. River and riverbeds were used relatively more during the hot season when
animals wallowed frequently to escape from the heat. Animals were never located in Phanta -

and Bushy pastures during daytime. Phantas are devoid of both preferred food plants and

good shelter. No use of Bushy pastures during the day was mainly due to disturbances, as all
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Bushy pastures lic outside the park boundary and are used for livestock grazing. i

. k

Five ycars after release in Bardia, spacing behavior showed that the translocated {
animals had settled in established home ranges. Large size of annual and seasonal mng.cs and
maore extensive movement compared with the donor population in Chitwan were mainly due
to low animal density combined with different spatial distribution of preferred habitats,
Although Tall Grassland may be less productive in Bardia, this is unlikely to explain the
larger space use there, because animal density was 100 low 1o induéc competition for food.
Unlike in Chitwan, in Bardia the preferred Riverine forest and Tall Grasslands are fragmented
and distributed in small patches which contribute to more c‘xtensive scasonal movements. In
addition, the huge Geruwa river and large tracts of unattractive Sal forest limit access .to
agricultural crops, leading animals to move sowthwards during winter. In Chitwan, large tracts

Riverine forest surrounded by Tall Grassland combined with nearby agriculture probably

reduces animals’ movement to obtain seasonal foods.
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Table |, Size (km®) and description of the habitat types of the study area in Bardia.

¥,
Habitat type Size  Percemtage of 'Broad description
study arza '
I
Sal forest 7.68 11.2 Upper dry land dominated by Shorea robusta and Buch
latifolia, ‘
Riverine forest 6.81 9.9 Poorely drained mixed forest dominated by Mallotus plij
Syaigium cumini and Ehretia laevis.
Khair-Sissoo forest 13.54 19.6 Acacia catechu and Dalbergia sissoo dominated forest g
the old riverbeds ¢
Mixed Hardwood =
forest 0.98 1.5 Oegenia dalbergiodes and Schleichera trijuga intermixed k
Tall Grassland 8.19 11.9 Tall grassiand communities on the floodplain dominatsd by

Saccharum spontaneum and S. bengalensis. Arundo donas
dominates the banks of riverlets,

Wooded Grassland  3.13 4.5 Imperata cylindrica dominated grassland with sparsely di
tree species, e.g, Bombax ceiba, Bahunia racemosa and
phaillippinensis.

Phanta 0.95 . 1.4 OId cultivated open dry fields dominated by Iinperaia cyli

Bushy Pasture 480 69 Heavily grazed meadows dominated by Imperata cylindrics,

Chrysopogon aciculatus and Cyanodon dacrylon with sca
bushes of Ziziphus mauritiana and Callicarpa macrophylle.

River and riverbed 214 311 River, riverlets and seasonally flooded bare river beds cov
with sand and boulders.
Cultivated land 1.4 2.0 Seasonally immigated paddy fields and dry com ficlds.
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Table 2. Seasonal and annual home ranges (HR) and core areas (CA) of Bardia and Chitwan
able 4. a 2 o
animals (in km*+SD) in 1990-1993, o
! Males*
' Females .
7 i itw dia Chitwan :
) Bardia Chitwan Bar S
‘ ’ HR CA HR CA HR CA HR CA g
: Fem;
, Winter 15.6x4.5 29=1.7 1.2+04 0.2+0.] 20.7+=10.3 2.6:8.3 J’(I) gé
#t and Buchanan:@ Hot 133219 3.0=14 11204 02201  21.2+11.] 3.7;_«0.1 20 06 Mo
NMonsoon 14371 2.7:21.0 1.320.5 0.320.1 4.4+ 7.1 _.9_3.; 3.3 0o
‘ ’ l ‘ ' . i . .
# Hallotus pllippinl All year  25.129.3 85225 29109 0.620.2 418+ 4.4 9.323. _

inated forest growi

‘0 Rardi ; i itwan
/ * Only 2 males in Bardia and 1 male in Chit
22 intermixed for:g8
indomirated by B
- Arundo donax

ith sparsely distriby
zcemosa and Mallogy '
v Imperata cvlindrid
rerita eylindrica,
nlon with scattered |
T maecrophylla.

river beds covered
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- ~f Bardia and Chitwan
1

L :

oo Males*

R Chilwaq
b hiCa HR CA

v
- iif{:J-"f*ézo,e 1.1 0.1

o

437209 20 06
il taema 14 04

33 09

Table 3. Average annual home tange size of three social groups of rhinoceros

in Bardia.

Sex Anntal heme ange size
Mear sd
Single females (2) 22 3.7 ,
W =8 ns
Females with calf (6) 26.1 0.7 -7
Males (2) 41.8 .00 W .=19  p<0.05
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Table 4. Seasonal home ranges of different social groups of Bardia animals in 1990-1993.

Hot "Monsoon Winter
Sex n N sd n X sd n X sd H p
Females with )
small calves® 2 88 1.7 4 6.6 3.8 2 133 4.5 246 ns
Females with
older calves® 4 144 32 3 18.611.2 3 209 9.4 2.17 ns
Single females 5 131 47 4 159 29 3 151 45 239 s
275: 29.0, 20 13.3,p
Males 2 212111 2 20.8 10.3 2 208 84 0.32 ns
337: 13.3;, 304, 28.0,

a = calves < | year, b = calves 1-3 years, D = dominant, SD = sub-dominant, H = Kruskal-Wallis

fest

* ' """‘W' t"’,ﬂw.,“_ﬂym&’m "MH’Y."‘K%&

Table 5, &
—_—
Seasons

et
Hot seasor
Monsoon s
Winter sea
All season

" Females

* Wilcoxor
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]
;! s i 1990-1993 Table 5. Seasonal changes in home ranges of females® in Bardia
© o animals in 1990-1993,
s —_—
oo Seusons n T change r° p
' Vinte
i \ Tu.r d ’ p _
X s Hot season 5 + 1,9 10 ns
Monsoon scason 4 +38.1 4 ns
Winter season 2 -3 both decreasin
4 ns g
13.3 4.5 246 All season 11 + 8.6 4] ns
217 ns | - : '
209 94 219 ns Females with calves < | year exclided in comparison,
15.1 45 s ) " Wilcoxon maiched pair signed-rank test
. »";' !
,':‘::,‘ .'?_" ~18 8.4 0.32 ns
it ! :"~ o
! l.' D lo-dominant, H = Kruskal-Wallis
1
; :.11, r‘: . -
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] Table 6. Mcan percent overlap in scasonal home ranges (1HR) and core areas (CA), mean distance Nep
¥ between seasonal occupancy centers (kim) and mean range lengths (km/48 hrs) for Bardia and Hab
Chitwan animals. !
‘ types
Bardia Chitwan
! Females Males Females Males’ S~alf
| Khai
Seasonal overlap HR CA HR CA HR CA HR ca Riv
HouMonsoon 748 438 513 216 65.6 27.6 753 9.8 Mins
. Monsoon/Winter 549 216 412 204 67.1 294 79.1 447 Fome
. Winter/hot 59.6 254 463 186 61.1 265 58.5 0 Tarﬁs(t
I ! ts
v ‘ Distance between OC l\)\hood
. ‘ HouMonsoon 1.1x1.4 6.2+1.6 0.5+0.2 0.5 B .u;]n
Monsoon/winter 3.1£1.8 3.3:0.9 0.420.2 0.3 A“S, )
Winter/hot 25213 4.9x1.4 0.620.1 0.6 Eric
River
Range length T
Hot 2.520.3 412222 0.5£0.1 0.5 diffe
Monsoon 29+1.4 2.3%1.3 0.4+0.2 0.4
Winter 28+1.2 3.3x1.6 0.8+0.1 0.3
" Only 1 male in Chitwan
A
|
G
|
b
3}
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" areas (CA), mean distanee
. ., 218 hrs)y fon Bardia and

4

Table 7. Udlization-availability data for habitat types in the Royal Bardia National Park,

Nepal, 1990-93,

Habitat Total  Fapecied Avtnal Ronlerroni Ivlev's
1ypes aresy Propaition proportion intervals Blectivity
oy ol usege ol usage Index
Sal forest 7.68 0112 0.004 -0.001 < p < 0.009* -0.93
Khair-Sissoo forest 13.54 0,197 0.411 0.376 < p £ 0.446* +0.35
Riverine forest 6.81  0.099 0.257  0.226.< p < 0.288* +0.44
Mixed Hardwood
forest 098 0014 0.013 0,003 € p <0021 -0.07
Tall Grassland g19 0119 0.218 0.189 < p < 0.247* +0.29
Wooded Grassland  3.13  0.045 0.009 - 0.002<p<00l6* -0.67
Phanta 095 0.0I4 0.0 0 0.0
Bushy Pasture 4.80 0.070 0.0 0 0.0
Agriculture 140  0.020 0.0 0 0.0
River and riverbeds 201.40  0.311 0.088  0.009 < p <0.108* -0.56

e

T

Lt Chitwan .
l-.'l-::'.' ©. Famales Males
RN
i*i'j:-f."‘;' "THR CA HR CA
Ly 656 216 753 98
PP gy 294 79.0 447

Civ el 265 585 0
PN TE

vat ¥

SO 0,540.2 0.5
sp 4 04202 0.3
TutoiT 062001 0.6
¢ . ‘:l;% \
oA 05500 0.5
PadT 04202 0.4
cet 2 0.820.1 0.3
st

;itf'".;‘r

i :.-;'ﬁl :.Q

AL

il

" difference at 0.05 level of significance.
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Table 8. Habitat use by Bardia rhinoceros (% locations in each habitat) in hot, winter
and monscon seasons compired with the habitat composition of the study area.

nal Park, ' Habitat % '
i ' lypes available Hot Monsoon Winter
Yy M F M F M F .
Ivlev's
Electivity , Sal forest 1.2 0 03™ 0 1.2 0 0
Index Khuir-Sissoo forest  19.6 250 35.1° 33.1™ 30.5° 47.0°  50.7
N Riverine forest 9.9 3277 27 16,7% 24.4° 41,2 32.0°
-0.93 ‘ ! Tall Grassland 119 19.2® 26.4° 36.3° 28.5° 11.8% 12.9™
+0.35 Mixed Hardwood
+0.44 furest 1.4 1.o™  1.5™ 2.8% 20™ 0 0.4™
N Wooded Grussland 4.3 0 1.4° 0 0.5° 0 0.9
-0:07 Phanta 1.4 0 0 0 0 0 0
+)29 Bushy Pasture 7.0 0 0 0 0 0 0
0.0 Cultivated land 20 0 0 0 0 0 0
00 | River and riverbeds  31.1 212" 12.6° IL1° 129 0 3.1
0.0 1
0.0 ‘ * difference at 0.03 level of significance.
-0.56
i
»
f e
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.
|
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L' ) hot, winter

L iy area,

Table 9. Composion (in percent) of habitats in the whole study area and in the scasonal
core areas in Bardin in 19901003,

, th
.’.','f Winter Habitat Composition of Composition of core arcas
: M E types study arca Hot Monsoon Winter
) 0 Sal forest 11.2 0 0.120.2 o .
.00 50T K'hair.-Sissoo forest 19.6 30.3+2.9 28.614.0 40.425.4
“‘7. 32.0° Riverine forest 9.9 14.3+1.2 7.6x1.8 14.6x3.7
' 11“;;,"* 12.9% Tall Grassland 11.9 21724 32.3£2.9 8.2+3.9
R : Mixed Hardwood
5,3 ', N 0.4 forcsl‘ 1.4 4.1+1.7 3.2+13 1.4£0.7
l;;" ‘- 0 0.9° Wooded Grassland 4.5 4.1£0.9 4,0x1.5 9.0+3.6
nle a 0 Phanta 1.4 0 0.2+0.2 0
FE N 0 Bushy Pasture 7.0 0 0 -0
(A - 0 Agriculture 2.0 0 0 0
1o 8 31" River and riverbeds 311 25.5%1.7 24.0+£1.3 26.4+0.8 ’
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Figure 1. Map of the western section of Royal Bardia National Park showing study area.
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Figure 2. Seasonal home range and occuparicy center of one
adult female Rhinoceros wnicornis in 1990791,

Dotted tine = monsoon (M), solid line = hot (1) and stipled
line = winter (W), Floadplain consists of o mosaic of different

habitat types (sce text),
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' Figure 3. Range length of one adult female Rhinoceros unicornis during

winter season, Royal Bardia National Park, 1990-1991,

108

—————




L '_:

tinnceros unicornis during
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Figure 6. Seasonal distribution of animal locations (in ¢) on three

main habitat tvpes in Bardia. © denotes significant preference by

each sex {Bonferroni intervals) and non-maching letters denote a

signilicant difference in habitat between sexes in each season.
H)

1l r y!" 4:4"—_
AR
TR U X .
PO ;’
[ l;!:l"r‘.
T
oy
’. RIS
o M :

.}»
k




.
7
) &

Cong

Khair-Sissoo Forest

Hot Monsoon Winter
‘ 60 - . . .
B ° : L4 °
40 - - * A b — . .
¢ / ‘
v 20 - /0 n -
- L oo T 251
: / 0y p=0.U1
01 —T1T— 1" T T
\ Riverine Forest
) 60 — ' - ' °
C
Re ‘
=
@ 40 / 1°, e
O ©
O LY ] g . .y
; _ «© v )
- ° . - —
5 204 °, .
T'=55 T'=42 T =54
) 32 p<0.01 | p=0.08 p<0.01
! 0 T T T T T T T T
’ Y
, - Tall Grassland
60 - -
40 - i - .
o L] *
. L S
[ °
20 - § o - a
o]
| . . L ] Cl
, T'=44 T°=53 o T'=24
i . p<0.01 p<0.01 ns
! . 0 T i 7 T T T —2 T
‘ 0 20 40 60 O 20 40 60 O 20 40

% of home range

Figurc 5. Percent of locations in the individual home ranges compared with habitat

hree ‘ composition of the home ranges. Filled circles are females, and open circles are males.
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