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Rapt and Reu rivers. Chitwan has sub-tropical climate with three scasons: monseon {June -
Sepiember), cool dry {October — Inavary) and hot dry (February — May). Temperature ranges
from £°C to 42°C in different seasons. Chitwan gets about 2,400 mm reinfall anmally 80046 of
which ocours duning monsoon. Annual fire and grass cutting by local community once 1n a
year are common phenomenon in Chitwan. 1t 15 one of the most visited park of Nepal and gets
over 100 thousand visitors each year. Fifiy percent of the park's income 15 channcled back 1o
the buffer zone communities for conservation and development so as 1o bring communities in

the mainstream of conservation.

3. With a high price for rhino horn n the illegal market. conserving free-ranging rhino
populations has been a global challenge. In 2011, we assessed the abundance and distribubion
of rhinos 1n Nepal covering all potennal habitats using block coumt method. A svstematic
survey effort of 5497 km was invested using 3,548 elephant hours m 23 days. The accuracy
of the block count was assessed by companng it’s population estimate with those obtamed by
{a) long-term monitoring using photopraphie identification of individual rhinos. and (b)
closed population sighting-mark-resighting (SMR). A total of 534 rhinos were found dunng
the census consisting of 503 in Chitwan National Park. 24 in Bardia National Park and 7
Suklaphanta Wildlife Reserve. Rhino density was 1/km” in Chitwan. 0.28%km” in Bardia and
0.1km” in Suklaphanta within rhino habitats. Chitwan had 66% adults. 12% subadulis and
22% calves with female to male ratio 1.24. Population estimates were comparable among the
three methods. A country wide block count for rthinos every three years and contimuous 1D-
based monitoring in a SME framework within selected sensitive subpopulations are
recommended so as to keep the pulse of the rhino population in MNepal. The SMRE design
developed from ID-based monitonng herein will provide the much needed statistical ngor to
population estimates of rhinos in Nepal and elsewhere.

4. Seasonal mutritional ecology of rhinos was studied by continuously (24 h sessions)
following B radio-collared focal rhinos from the elephant back for 304 h in monsoon, 228 h in
cool dry season and 192 b in hot dry season. Total dry matter mtake from different plants was
computed from time spent foragimg, average bite weight and bite mite data. Total fecal output
was also recorded duning the continuous montonng. Scasonal chemical analysis for crude
protein (CP), organic matter {OM), neutral detergent fiber (NDF), acid detergent fiber (ADF),
total ash (TA), calcium (Ca). cellulose (Ce) and hemicelluloses {He) was carried out for rhino
food plants and rhine dung. From this data totsl seasonal nutnent mtake and output. dry
matter digestibility {DMD) and nutrient digestibility were computed. A total of 11,199 bites

were recorded in the hot-dry season. 10,7440 in the cool dry scason and 10,151 bites in the
v



monsoon season from different habitais. Average bite rate per minute was 1337 £1.03 in the
monsoon, 11.98 +0.52 during the cool dry season and 11.50 + 0.33 durmg the hot dry season.
The average dry weight of the bite was 3.32 + 0.22 ¢ m the monsoon, 3.93 + 0.29 g in the
cool dry season and 3.02 + 0.25 g i the hot dry season. Annually, rhinos foraged 71% of the
ume in grasslands and 29% in the riverine forests. Rhinos spent 38.19 + 1.79% of the total
tme for feeding in the monsoon, 4040 = 1.19% of time in the hot dry scason, and 4021 +
2. 78% of time dunng the cool dry scason. Fifty eight species of planis were found 1o be
utihized by rhinos at different scales but 14 species of plants contributed 85% dry matter to the
annual dict. Dunng hot dry season rhinos consumed 33 species of plants of which eight
specics contnibuted over 90% of the dict. Saccharum spontanewm (34%), Imperata cvlindrica
{27%), Eragrosins tenella (9%), Cersinm wallichii (5.5%). Narenga porplivrocoma (5%),
Cynadon dactvlon (2%0), Phragmites karka (3%), and Mikania micrantha (3%) were the main
food plants of the hot dry season. Total dry matter intake (DM} during the dry season was
21.77 + 5.87 kg'day and time spent feeding was 9.71 + 0.28 h/day. Rhinos consumed 3%
specics of plants durmg the cool dry season:. However, tenm specics namely Sacoharnr
sportaneum (22%), fmperata cvlindrica (14%). Saccharum bengalensis (6%), Eragrostis
tenella (9% ). Callicarpa macrophylla (11%), Phragmites karka (7%, Mikania micrantha
{5%). Coffea bengalenxis (3%), Litsea monopetala (4%) and Lomana camara (2%)
contributed over 80%; of the diet. Total DMI during cool dry season was 2459 + 6.24 kg'day
and time spent feeding was 9.65 = 0.66 h/day. Forty three specics of plants were eaten dunng
the monsoon secason. However, 9 species conimbuted £0% of the monsoon det. Sacoharm
spomfanenm  (25%), Eragrostri tenelle (23%), Sacchorum  bengalensis (4%), [mperata
cyvlindrica (8%). Brachiaria species (8%), Trewia nudiflora frnts (4%), Phragmites karka
{4%), Cymodon dachion (3%) and Hemarthria compressa (3%) were the main food plants.
Total DMI was 24.66 + 4 88 kpday and time spent feeding was 9.1 = 048 b Annual average
defecation rate and total fecal output were 2.51 + 0.15 times and 7.03 = 09 Kg'day

respectively.

Scasonal chemical analvsis of food plants revealed that CP m the dict varied from 4 to 17%.
NDF 30 o §5%. ADF 22 to 70% and calcium 0.13 to 4.8%. Average dry matter digestibality
(DM was 69% i the cool dry season, 72% in the hot dry season and 74% m the monsoon
scason. Orgamic matier digestibility ranged between 70% and 75%, and CP digestibality
between 65% and 69% across the different scasons. Smilarly, NDF and ADF had higher
digestion cocfficient and both were consistent across all scasons. True protem digestibality

{TPDY) was 79% in the monsoon, 0% in the cool dry season and £1% m the hot dry season.

vi
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coosystem functioning and ecosvstem services provisioning. Mikania micrantha 15 a mult-
branched scrambling highly invasive perenmial vine belonging to family Asieraceac and is
native to Central and South America. This weed has been acoidently introduced i CNP since
2000 and posing threats to rhinos and native biodiversity. However, there have been very
limited studics across globe on impacis of invasive plant species on native fauna. Therefore,
1o understand how the rhinoz have been affected by the invasive Mikania in Chitwan 8 adult
rhinos were radio-collared and intensively moniiored. Fine Mikania distnbution map was
prepared on ArcGlS by using intensive ground survey data (M = 2.6%6 plots in 63 km® area).
Daily tracks of rhinos during peak foraging hours were bulfered {15 m both side} and overlaid
on the Mikania habitat map. Compositional analysis was performed to see how the rhinos
were preferring Mikania mnvaded and nmon invaded habitats during foragmg peaks. Data
generated from clipped quadrates (N = 50) within the vegetation graring exclosures (n = 10§
were used to estimate species richness and biomass producton at different level of Mikamio
invastons, The results showed that 21% of the study area was free of Mikania invasion, 49%
of the habitat had mild level of invasion (<20%u) 23% had intermediate level of invasion (20 -
407%) and 7% of the habitat had severe invasion {=40%) of Mikania. There was o negative
effect of Mikania especaally on grasses, herbs, shrubs and small trees. Simple hincar
regression equation depicted that with the increment in the percentage cover of Mikania, the
biomass {Native hiomass (gm) = 68 19 (£290.3) - 74.22 (+7.4) * % of Mikania; R® = 0.68, p <
0.0001) and percentage cover of native forage plants (% Native cover = 7980 (£1.7) - 0.87
{+0.1) * %0 Mikamia cover; B® = 0.89, p < 0.0001) of rhinos decreased significantly. Species
nichness reduced significantly as Mikania cover increased (Fy 22 = 10010, p < 0,0001) and the
effect was very severe after 80% coverage of Mikania.

Habitat preference during foraging peaks was decisively for lower percentage cover Mikamia
across all seasons: 1) Anmual preference (¥, & = 11527, P < 0.0001) was 10 - 20% > 20 -
30% = | - 10% = 0% = 40 - 50% > ahove 50%. i1} The cool dry scason preference (35 an =
6455, P < 00001 ) was 10 - 20% = 20 - 306 = 30 - 40% > | - 10% > (% = above 50% = 40 —
50%4. ii1) The hot dry scason preference (31 on = 67.39. P < 0,000 1) was 10 - 20% > 1 - 10%
= 20 -30% > 0% > 30 - 40% > above 50%, 1v) The order of preference for the monsoon
SCASON Was SAmE (F e an = 73.56, P < 0.0001) as of hot dry scason. This preference to lower
invaded habitat was correlated with the availability of rhino food plants. Mikania mvasion
was detrimental to rhino forage availability by reducing native forage diversity and biomass.
Mikania was likely to affect all ungulate populations and have cascading effects affecting all
higher trophic levels.



9. Population habitat viability analysis (PHVA) was carmied out to dentify and priontze
threats faced by Chitwan rhinos and o evaluate the likelihood that 1t will persist for next |00
years. Life history parameters were obtamned either from current study or published Inerature.
Based on the pround information 12 different scenarios were built in VORTEX 999, These
scenarios consisied of 1) reduction in carrying capacity for rhinos due o Mikenia mvasion. ii)
micreased i poaching as observed during perods of political unrest. and 1) effect of severe
floods along with various combimnations of the above. Each scenario was run 1,000 times 1o
evaliate extinction probability. Sensitivity of the models to cnitical hife history parameters like
calf mortality, female or male biased morality and ape of first reproduction were determined
by runming simulations at different values of these parameters. Loss of carmying capacity even
up to 50% by Mikania was by iiself not likely to cause extinctions. But when combmned with
poaching it had a synergistic effect, and under reduced camying capacily even mederate
poaching pressure of & - 12 rhinos per vear caused extinciions, Catastrophe in the form of
floods every 25 years had imignificant effect on rhine populations but in combination with
Mikania end poaching reduced persistence probabilitics. The model clearly depicted poaching
above 10 rhinos per yvear was o significant cause of concern and in combmation with Wikaniac

had disastrous impact on rhunos of Chitwan.

X



Fig No
Figure 1.1
Figure 1.2

Figure 1.3

Figure 1.4

Figure 2.1

Figure 2.2

Figure 2.3
Figure 2.4
Figure 3.1
Figure 3.2

Figure 3.3
Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

List of Figures
Title

Histonc and present distnbutions of greater one-homed rhinoceros {as at 31
December 2005 )

Map shows the gencral location of Nepal and Chitwan Mational Park. The
ntensive study area within Chitwan NP 15 shown in the inset.

Averape monthly minfall in Chitwan between 1980 ond 2009, Bars ane
standard errors. {Data source: Department of Metrology and Hydrology,
Gov N ).

Monthly average minimum and maximum temperature (degree Celsius)
between 1980 and 2000 in Chetwan. (Data source: Depariment of Metrology
and Hydrology, GowN).

Protected arcas that were surveyed for cstmating the population of greater
one-homed rhinoceros ( Bhinoceros unicornis) in Nepal. These sites are the
only known arcas where rhinos occur in Nepal.

Rhino {(Rhinoceros wmicornis) distribution and density {thinos %’} gradient
1 Chitwan in 201 | as determined by clephant-back block counts. The inset
figure shows track plots of elephant-back survey lines wathin part of block 6
of Chitwan Natvonal Park. Nepal.

Rhino (Rhinoceros wnicomix) distribution and density (thinoskm®) in 2011 as
determined by elephant-back block counts in Bardia National Park, Nepal.

Rhino (Rkinoceros wnicornis) distribution in Sukiaphamta Wildlife Reserve,
Nepal.

Map of intensive study area showing different habatat tvpes and bite count
tracks of rhinos.

Scasonal and anmual pearcentage time spent fecding by rhinos. Bars are
standard errors.
Anmual and seasonal dry matter intake { DMI) by rhincs with standard errors.

Anmual and scasonal dry matter intake by adult male and female rhinos in
Chitwan Matonal Park. Ermmor bars are standard emrors.

Anmual and scasonal datky total fecal output (DW) of adult greater onc horned
rhinocercs. Error bars are SE.

Scasonal vanation in CP in nine major food plants of rhinos. Sasap,
Saccharum spontanenm; Imcy, fmperata cvlingdrica; Ene, Eragrostris
teneila; Napo, Narenga porpinvrocoma; Sabe, Secclarum hengalensis;
Lime, Litseq monapetaia; Cama, Callicarpa macropinila; Phka, Phragmites
karka and Mimi, Mikawia micrantha.

Scasonal vanation in OM in major food planis of rhinos. Spsap, Saccharnm
sponianenm; Iy, Imperata cvlindrica; Ere, Eragrosiris tenella; Napo,
Narenga porphyrecoma; Sabe. Saccharum bengalensis; Limo, Liea
monopetala; Cama, Callicarpa macrophyvila; Phko, Phragmiles karks and
Mima, Mikauia micrantia.

Seasonal average digestibility coefficients achieved by greater one horned
rhinoceros for different nutritional constituents. OM, organic matter; CP,
crude protein; NDF, neutral detergent fiber; ADF. acid deterpent fiber; HC,
hemicelluboscs; Ce, Cellulose; DMD, dry matter digestibiliny: TPD, true
protein digestibility.
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Figure 6.7

Figure 7.1

Figure 7.2

Figure 7.3

Figure 7.4

Figure 7.5

Figure 7.6

Figure 7.7

Figare 7.8

Figure 7.9

Figure 7.10

Figure 8.1
Figure 8.2

Fipwe 8.1,

Figure 8.4,

Martality trends of thinos | Rhinocenns wnicormis) caused by poaching and
matural death i Chirwan between 190K and 2012. Mortalitis other than
jpoaching arc presented as neturs] death in this figuare.

A herbivore proof Fraring exclosure sct up in burnt tall grassland of Chatwan
Natsonal Park 1o study the effocts of Milamia on bomass production and plant
Ivormass off-take by onrulates.

Mstnbution of Mikawia m the imtensive study ares. The map shows different
catcgonies of Mikania imvasion with 10%% increments and points sampled for
Mikarmia.
Aiﬁhvlﬂufmﬂﬂfpﬂlﬂmrm'ﬁ%mmn The
regression shows a sipmficant declining trend in native species covernpe as

Miketia cover increases.

A scatter plot of native plant species hiomass versus *e Mikanis cover, The
regreision shows a sipmficant declining trend in native species biomass s
Mikenniae cover increases.

Box and whisker plot of a) native forage species cover and b) native forage
biomass of rhines plotted for vanows % cover values of Mikasia in tall
grassland habitat of Chitwan National Park, Nepal.

The bux and whisker plot depicting number of specics with level of Mikania
anvassn in the habatat

Box and whisker plot of a) above pround biomass of Sacoharum spontaneam
and b) Eragrastris tenedla both prefomod grass species of thanos plotied for
vanous *s cover values of Mikanis m tall grassiand habtat of Chitwan
Nateonal Park. Nepal

Some peak forapnes routes of rhunes m difforent scasons overlaid on the
Miksmia distrbuion map.

Radio-collared female runo and calf m Mikanks invaded Sacobarm
spontumem and Saccharum bemgatensis domsnated tall grassland. In the
picture, Mikamia has killed the mtive forage species substantially (=80%) in
ﬁ:mnddmwﬂ:hnm—m:ddﬂlhdpﬂﬂd}mllh wery good
fitive ﬁq:mﬂuﬂu:mgﬂl;r_

Map showing prionty arcas (short and tall grasslands invaded by Mikania) to
thinos for  initinting Mikawia control amd mansgement progrims so as o
secure preferred foraging grounds.

Steps and components of PHY A adopted from Akgakaya of al, {1999),
Long-ierm { 100 venrs) extinchon probability of Chitwan chno population
under the sconario 1 {12 poaching/yenr, 0% carrying capacity boss in 25
years and % population loss once every 25 years) and scenanio 2 (16
poaching year, 507 camying capacity loss in 25 vears and 5% population loss
once every 15 vears by flood catestrophe ) in VORTEX.

Long-term ( 100 years) extinetion probability of Chstwan thne population
under the sconano 3 (5 poaching year, camying capacity decline 50% m 25
yearn and 5% population ks once in 23 vears) snd soenano 4 (8 thinos
pu-:h:dry:- % camrving capacy decline m 23 years and no catastrophes)
m VORTEN.

Long-term { 100 years) extinction probability of Chitwan fhino population
under the scenarto 5 {12 rhinos posched/vears and no carrying capacity
decline and no catesirophes | and scemanio 6 (no poaching, no carying
capacity loss ond no catastrophes ) in VORTEX.
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Figure 8.5

Figure 8.6

Figure 8.7

Long-term { 100 wears) extinction probability of Chatwan rhino population
under the scenano 7 (No poaching, 500 carrying capacity decline in 25 vears
and 5% population loss once every 25 years) and scenario 8 (12 praching, no
carmying capacity decline and 5% population loss once every 25 years by
flood) in VORTEX.

Long-term {10 years) extinction probability of Chitwan thino population
under the scenano @ (no poaching, no carrving capacity decline but 5%
population foss by flood once in every 25 years) and scenaro 10 (6 poaching.
50 carryang capacity decline in 50 vears, 5% rhimo population loss once in
every 25 years by flood) 1n VORTEX.

Long-term { 100 vears) extinchon probability of Chitwan rhino population
under the scenano [ 1§12 poaching! year, 507 carrying capacity decline in 25
years, 5% population loss once every 25 vears by flood, calf mortality 10%
wnstead of 3%, age of first calving 8) and scenanol 2 {as of scenano 11 bt
first age of calving T) 1n VORTEX.
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CHAPTER 1

Introduction

Megaherbivores are always fascinating!
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of hectares of land were cleared to resettle hill dwellers in the Teral, During |1 9605 over 70%
of the forests were cleared alone in Chitwan valley (Dinerstein 2003, Caughley 1969). Afier
the establishment of Chitwan Mational Park (CNP) in 1973, and strict law enforcement, the
population gradunlly recovered to 612 m 2000, which was considered a conservation success
{Dincrisein 2003). But again during the decade long armed conflict (1996 -2005) rhino
conservabion in Nepal was compromised due o intense poaching. The population crashed to
about 400 across Nepal {DNPWC 2005), However, the population has been reported to have
been gradually mereasing since 2006.

Origin of the study

Mikania micrantha (hercafier Mikania ), known as nube a minute, was first reported from the
district of llam in 1263 by a Japanese team and scientifically reported later in 1966 in Mepal
{Trwari et al. 2005). The weed is suspected 1o have been introduced accidentall y in Nepal via
the tea gardens of Assam (North cast India) with the tea saplings (Srwakon 2007). At present,
the weed has serwously invaded Koshi Tappu Wildlife Reserve, Chitwan Natonal Park and
has spread up to Dang distnct in the Teran belt of Nepal. Until 2004, there were no reports on
the problem of Mikania i Nepal. The first national stakeholder workshop on Mikania weed
invasion in MNepal was orgamzed in November 2004 and various imstitutions were made aware
of the problem of invasive weeds in Nepal (Poudel ef ol 2005). After that a very superficial
national mventory of invasive alien plant species {LAPS) was done by IUCN Nepal (Triwan &
al. 2005). Stwakoti {2007y has bnefly reported the challenges and community based control
practices done in Koshi Tappu wildlife Reserve of Nepal. In Chitwan, Mikamia was {irst
reported m 1998 in the western comer near the “Tiger Tops™ area (5. R. Inawali, pers.
Comm.). Within a shor time period. Mikania nvaded grasslands and niverine forests and
conswderable damage to native plants was observed (Sapkota 2007). A preliminary survey on
distribution of Mikamia in Chitwan National Park was done during the rhino count operation
in 2008. About 15% of the prime rhino habitats were found 1o have been severely invaded;
overall it was present i 44%: of the rhino habitats { DNPWC 2009). Since Mikania was killing
most of the rhine's food plant species (Sapkota 2007) 11 was suspected that the weed must
have some impact on the rhino population performance and on other aspects of rhino ccology.
The Depariment of National Parks and Wildhife Conservation together with thino biologists
advocated for an immediate study on the level of impact posed by Mikanio on native plants
and wildhfe species includmg rhinos and explore possible control methods (DNPWC 2009
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forms a greater landscape of over 2,500 km®. The landscape has been identified as one of the
promising tiger conservabion landscapes in the Indian sub-continent {Wikramanavake ef al
1998). The park has been designated as UNESCO™s World Heritage Site in 1984 because of
itz outstanding biological sapnificance. The park encompasses a wide diversity of habitats and
species within the elevation of 110 to 850 msl. The Narayani River and Daunne hill marks the
western boundary of the park, Rapti River marks the northern boundury and Someshor hills,
Reu River and forest roads mark the southern boundary.

Bheat gess ved
N Eal forest
e resslang
o Wendked grassiang

Figure 1.2 Map shows the gencral location of Nepal and Chrtwan Mational Park. The intensive study
area within Chitwan Metional Park 1s shown in the inset.

Geology and solls

The Chitwan valley 15 bordered by the Lesser Himalayan Mahabharat Mountan range in the
north and the lower Himalayan foothills- the Chuna (Srwalik) - in the south and 15 dissected
by the Naravam. Rapti and Rew river systems. The Mahabharat Range consists of severely
croded pre-Siwalik quartzies. phyllites and sand stones (Berry ef all 1974, cited in Lauric
1978). The Siwaliks are characterzed by sandstones, conglomerates, quratztes, shales and
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durmg monsoon (Figure 1.3). Winter months are relatively dry but a bittle ramn ocours due to
westerly wind. Humadity 15 98% dunng the monscon and cool dry season and low during the

dry scason. Pre monscon rams are common during month of May with thunderstorms.

Rainfall {mm}
g

Ian Feb Mar Apr MAay Jun Jul Aung Sep Oct Mo Dec
Maonths

Figure 1.3, Average monthly rainfall in Chotwan between 1980 and 2009, Bars arc standard errors.
{Data source: Depariment of Metrology and Hydrology. GovN).

] g B BRIFTHLIMT === LML

Temperatune

E F B R & 8 &

Ian Feb Mor Apr May Jun Jul Aug Sep Oct  NWov  Dec
Msonths

Figure | 4. Monthly average mummum and maximum temperature { degree Celsis) between 1980 and
2000 in Chatwan. {Data source: Department of Metrology and Hydrology, GovN .
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followed by forest (43%0), shrub land. grassland and others (DNPWC. 2000). More than
300,000 people of various ethnic conwmunities reside m the buffer zone of which Tharus are

the majority with farming as the main occupation.

The buffer zone of Chitwan spreads over 34 Village Development Committees { VIXCs) and 2
Mumcipalitics of 4 Districts (Chitwan, Nawalparasi, Parsa, Makwanpur). The main strength
of the program 5 commumity based organteations. The buffer zone management commutice
{BZMC) 15 an apex body under which there are 21 buffer zone user commuttees (BZUC), |
sub- committee and 1.779 user groups. The buffer zone management committes 15 responsible
to make a buffer zone management plan and wiscly use 50% of the parks' revenuc that 15
ploughed back into the community by the povernment for conservation and development 1o
the buffer zone. The comminee should allocate 30% of their budget for conservation, 30% for
community development. 20% for mcome gencrabion and skill development, 10% for
conservation education and 10% for general administration. The long-term objective of the
buffer zone program i1s to bring the local commumitics into & main stream of conservation and
establish o local stewardship through parinesship programs. However, increasing tourism,
forest encroachment. increasing demand for timber and firewood, weak law enforcement,
unplanned local and national development projects in Chitwan valley are some of the
challenges of buffer zone management.
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Objectives
The objectives of the study were:

1. To study the seasonal nutritional ecology of thinos and the role of invasive alien plant

species in rhino food plant availabality
2. To study the effect of M. micrantha infestation on habitat preferences of rhino

3. To estimate the population size, distribution, ranging patterns and demographec

parameters of rhines in Chitwan

4. To evaluate and priontize between the relative impact of poaching and habitat loss due

to mvasive specics on long term persistence of the Chitwan rhino population

Research hypotheses

1 tested the hypothesis that the invasive species M. micrantha reduces the carrving copacity of

Chitwan for rhinos. Predictions were:

a. Timme spent foraging by rhino increases due 1o M. pricrantha infestation.
b. Food plant availability decreases in the M. micrantha infested habitais
¢. Rhinos prefer habitats that have low degree of M. micranitha infestation for foraging.

d. Demographic parameters of the rhino would be compromised in the long run.
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CHAPTER 2

Fopulation status, structure and distribution of greater one-horned
rhinoceros in Nepal, with special reference to the population of Chitwan
MNatlonal Park

Photo: Participants of rhino count 2011 in Chitwan National Park, Nepal.
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Introduction

Mega-herbivores are globally threatened as a result of habitat conversion, frapmentation and
poaching due to illegal demand of their body parts. Their populations are mostly confined 1n
small isolated protected areas {Owen-Smith 1988, Sukumar 1989). The populations of the
greater onc-homed rfhinoceros | Riinoceros wnicornis, Linnacus 1758) (henceforth rhino) m
Asia have been seriously compromised by this fate. Dunng the fifteenth century, fhimos were
abundant throughout the loodplains of the Ganges, Brahmaputra and Smdh Rivers and their
large tributaries between Indo-Burmese border in the cast and Paksstan m the west ( Blanford
1891, Laune 1978 Dinerstein 32003). At present, some 2850 rhinos survive i isolaied
pockets of protected arcas within India and Nepal { Talukdar 2000},

Rhinos suffered a catastrophic decline in Nepal during the 1960°s to less than 100 ndividuals
and all were confined to Chitwan valley. The dechine was attributed 1o loss of habitat and
poaching that resulted from conversion of Terai prasslonds and forests to agnculure
subsequent to a malarin cradicaton and resettlement programme launched by the Govermment
of Nepal (Laurie 1978). During the 1960s over 704 of the forests were cleared m Chitwan
valley alone (Dinerstein 2003, Caughley 1969, Laune 1978) Afier the establshment of
Chitwan National Park in 1973 and sinct law enforcement the population gradually recovered
to about 612 i 2000 (DNPWC 2000, Dhnerstein 2003} Dunng this peniod active rhino
populstion management and reintroductions across Mepal established other populabons i (a)
Bardia Kamali floodplain ca. 32, (b) Bardia Babai valley ca. 35, and (¢} Suklaphnata Wildlife
Reserve of ca. 5 indrviduals. But subsequently during a decade-long armed conflict {1996 -
2005 ) rhuno conservation in Nepal was compromised due to mtense poachmng. resulting in
total chmination of Babai population, reducing Bardia Karnah population to 22, Suklaphanta
population to 4 and Chitwan population 1o 372, The tolal population in Nepal was about 400
in 2005 (DNPWC 2005).

Being a highly K-selected species, rhinos are extremely vulnerable 1o extinction due o
deterrmimistic factors such as poaching (Poudyal er af 2009). Therefore, to cvaluate the
effectivencss of conservation activities, regular monitonng of population status 1s essential for

adaptive managemeni.

White {Ceratotherium simum) and black (Diceros bicommis) thinos in various parts of Africa

have been momtored and population estimation done using individual identification based on
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mchuding the narrow stnip of co. 13 km long Khata forest comdor along the Geruwa River
which connects Bardia with Katamaphat Wildhife Sanctuary m India; and Suklaphania
Wildhfe Reserve ((28°45 N, 80°06"E) (Figure 2.1 ).

L] = T L e

facon

Protected Areas (PA) of Nepal

E ]

i

L] L] T -y oo

Figure 2.1_ Protected areas that were surveyed for estimating the population of greater one-horned
rhinoceros (Rhinoceros wnicornis) m Nepal. These sites are the only known arcas where rhinos

occur in Nepal.

Chitwan Mational Park (Henceforth Chitwan) covers an arca of 932 km® and is located in
south central Mepal. The climate 15 subtropical monsoonal type with three distinet seasons:
monsoon {June — October), cool-dry {October — February) and hot-dry (February — June).
Average vearly temperature ranges from a minimum 9°C in Jamuary to maximom temperature
of 36°C m May. Chitwan gets average 2. 400 mm of rainfall per year, 90% of which falls in
the monsoon season (Dinersicin, 2003). Chitwan harbors 68 species of mammals, 544 specics
of birds, 56 species of reptiles and amphibians and 126 specics of fish (CNP 2012). Tiger
{Panthera tigriz), gaur (Bos pawms), greater one-horned rhinoceros. Asun elephant { Elephas
meximus). leopard { Panthera pardus), sloth bear { Meliwrsus wrsinus), sambar (Rusa unicolory
and chital { Axvis axis) are major mammals. General vegetation types of Chitwon are descnbed
n Bolton { 1975), Lawrne {1978) and Mishra ( 1982 ).

Bardia Mational Park (henceforth Bardia) s the largest park in the south western lowland
Mepal and covers an area of 968 km’. The flora, fauna and climate is similar to Chitwan but it

receives bess rainfall. Eighty three rhinos were remtroduced in Bardia (13 m Karnal
21
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Results

Abundance and distribution

The 2011 survey recorded & total of 503 rhinos in Chitwan, 24 rhines in Bardia, and 7 rhinos
m Suklaphanta, giving a total fano population of 334 animals for Nepal (Table 2.1,

Table 2. |. Population states and structure of thinos | Rbinoceros wnicornis) m Nepal in Apnl 20011,

Protected area Ape-group Female Male Unidentified Total
Adult 157 126 49 332
Subadult 14 Q 37 6l
Chitwan National Park
Calf 12 10 Ha 111
Total 183 145 175 503
Adult T 4 4 15
o Subadult 1 0 3 4
Bardia National Park
Calf 1 1 i 5
Total a 5 1 24
s o1 = = =
Subadult 1] o 2 2
Suklaphanta Wildlife Reserve
Calf 1] o | |
Total 2 2 E] T
Tatal for Nepal 194 152 188 534

In Chitwan, 48 amimals (9.54%) were recorded outside the park in commumity forests and
Barandabhar forest corrsdor (Figure 2.2). Alogether in Chitwan, 44% of the rhinos were
found m tall grasslands. 37%6 m nvenne forest, 7% in wetland, 7% m short grasslands and 5%
in Sal forest. The highest concentration of rhinos was in block B and 9 (Sukhibar to Temple
tiger) (Table 2.2). This arca of 48 km” holds 46.5% of Chitwan rhinos. The density and
encounter rate in Sukibhar area was 5.6 mdividualskm®™ and 0.32km respectively. While in
the far castern corner i.e. block I and 2. the density and encounter rate was lowest at 0.02&km’
and <10.01’km respectively.
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Figure 2.2. Rhino (Rhimoceros wnicormis) distmbution and density (rhinoskm’) gradient in
Chitwan 1n 2011 as determined by elephant-back block counts. The inset figure shows track plots
of elephant-back survey limnes within pant of block 6 of Chitwan Mational Park, Nepal.



Table 2.2, Block size, rhino | Rhinoceres wnicornis) mimber, density and encounter rate in
different count blocks of Chatwan National Park in Aprl 2011,

Block  Mame of the block MNomber Block  Searched Densmitw'  Encounter
number of thine  sire ciforts km?* rate’km
(k@) (km)
1 Sunachun, Harda 1 46.3 38 0.0z <Ll
2 Harda, Amrite. Kuchkuche 4 340 ENLIR 0.1l .ol
3 Amrite, Marchaul, Icharny 19 LR 3934 0.57 .05
4 Barandabhar cormdor 7 249 5175 028 LRI
5 Marchauli, Dumaria 46 747 2352 0.6l 0z
f Dumarna, Kasara M Iln 265.6 L7 13
7 Kazara, Komaltal Iv 387 273 044 .0
B Sukibhar, Rapti-Reu junction 1o 293 510.7 5.6 03z
] Reu-Khoraimuhan, T 179 197.7 19 0.35
L] Khoria, Temple tiger 43 iz 195 358 022
Gharial island, Lamichur,
11 Kawasoh 26 385 23R.1 067 LA RS
12 Gharial island, Bhorsaghat 10 1.7 183.5 0.86 003
13 Bhagedi, Sen, Tamsapur 3 151 2462 0.2 LA
14 Main island of Bandarhula 13 0 Zr2 .65 LRI
15 Bhorsaghat, Kuauli 12 10.5 1327 L2 (LR
16 Mardighol, Gajapur ] 19 126.1 1.63 0.06
17 Kujauli, Sikrauli 11 116 258 0.3 LIRSS
18 Madi, Thor 4 277 195 014 .03
19 Sen, Trbent 11 19.2 75 0.57 015
Cirand total 503 503 4817

Twenty four rhinos were found i Bardia and all of them were confined to the Karnal
floodplam. Out of which two were outside the Park within Khata forest comdor (Figure 2.3).
Sixty five percent rhinos were recorded inmixed rverine forest and 35% in the floodplam tall

grasslands in Bardia. No rhunos or their signs were found in the Babai valley.
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Figure 2.3. Rhino {Rhinoceros unicorniz) distribgion and density (rhinos'km®) in 201 | as
determined by clephant-back block counts in Bardia National Park, Nepal.

In Suklaphanta. seven rhinos were found distributed along the Chaudhar and Mahakali river
floodplams {Figure 2.4). Out of which four were in mixed nvenine forest and three were in tall
rrasslands.
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Figure 2.4. Rhino {Rhinaceros unicarnis) distribution in Suklaphanta Wildlife Reserve, Mepal.

Comparison of three different abundance estimation methods

The total rhino population estimated by the block count method in the Sauraha study arca of
Chitwan was 77 (block 1-5. table 1.2} and the population was 24 rhinos in the Kamal:
floodplamn of Bardia (Table 1.1}

Based on the long-term 1D-based monitoring of rhinos in the Saursha study area (block 1-5)
we made a profile of 67 mdividually dentified rhinos and 5 subadulis with photos but not
having clear features for wennfication. These subadult thinos were considered 1o be unigue
mdividuals based on temporal and spanal separation during sightings, as well as simultancous
sighting of two to three individuals in the same group. Also, there were 3 individually
wdentifiable adult rhinos that occaswnally used the study arca. Based on this long-term
information, between 72 and 75 animals were known to occupy the Sauraha study area at any

one time. The intensive 1D-based monitoring gave a population estimate of 23 known rhinos
i the Kamali Floodplain of Bardia.
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Price 1991, Walpole ef af. 2001). We compared the results of block count with those obtained
from mtensive ID-based monstoring and with statistically robust SMRE methods. Though the
block count cstimate was margimally higher than ID-based estimates but it was within the
95% confudence interval of the SMR estimate. We believe that the small but consistently
higher estimate of block count in comparison to long-term 1D-based estimate was due o
movement of rhinos from the counted block to neighbouning blocks. This was hkely as rhinos
were disturbed by elephant movement and census activity within the block being counted. In
the future. by delincating blocks with less porous boundaries. such movements outside the
counted block could be mmimized lending preater sccuracy of block counts. Based on our
data we conclude that the three methods provide comparable estimates of rhine population

size for all practical purposes.

Intensive ID-based monitoring method needs relatively long tme (over a wear) for the
preparation of profile of individual rhinos when the population 15 larger (=300}, But it can be
effectively done for small populations {<100) within a couple of months. The total block
count method which demands hizgher resources 1s quick but needs greater precautions and
planning to avod double or under counts. As most of the guard posts have captive clephants
for patrolling and wildlife monitoring within rhino bearing protected areas of Nepal, intensive
1D-based rhino monitoring is feasible and is important 1o deter the poaching.

We propose a momtoring system wherein countrywide status is obtained by combination of
all three methods used herein. Since rhinos are vulnerable to poaching a three vears time gap
between subsequent monitoring may be too long for adaptive management. Therefore, we
propose that certain important and representative populations are intensively monnored
annually using the SMR design that relies on the 1D-based system. The SMRE design provides
the much needed statistical ngour for esimating rhino populations in Nepal, and can be
readily adapted 1o cstimate black and white thinos in various parts of Afnca as well where 1D-
based profiles are available.
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CHAPTER 3

Seasonality in the nutritional ecology of greater one-horned
rhinoceros in Chitwan National Park, Nepal

Photo: Counting bites from elephant back while rhanes are feeding.
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Figure 3.1. Map of intcasive study area showing different habitat types and bite count tracks of rhunos.

Methods

Bite rate and bite welght

I sampled eight adull radio-collared rhinos (2 males, & females) as focal animals [ Alimann
1974) to obtain scasonal feeding data. These thinos were habituated with captive clephants
{Laurie 1978, Dinerstein and Price 1991) and could be approached up to 5 m distance when
required without disturbing their normal behavior. The focal animals were observed m the
morming, mid dav, evening and mght while they were feeding in different habitats, Most of
the ime two observers observed from the elephant back. One observer recorded number of
bites, time duration and specics eaten on the dicta-phone recorder while the other assisted on
confirming the species. and lopging the GPS tracks of rhine. Binocular (8x50) was used if
needed to confirm the grass species eaten. The bite count events lasted from 2 to 60 mmutes
based on the duration of the feeding bout.
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feeding of the food item. Total time spent foragmg on a food Hem was obtamed by
multiplyving the proportion time by total hours spent foraging in that habitat type by a rhino.

By multiplying the total bme spent by o rhino on a food item by the bite rate | obtamed an
estimate of the total number of bites of a particular food 1em that a rhino takes in a day. Total
numbers of bites of a food item were converied to dry matter intake of that food em by

multiphvng with dry weight per bite for that season.

Summing all the dry matter ingested across all food items eaten provided me with an estimate

of total drv matter intake by a rhino during the 24 hour cvele (1 day).
Estimation of total fecal output (TFO) and defecation rate

1 followed radio-collared rhinos from elephant back continuously for 24 hours sessons (n =
21} in different scasons to record the number of defecanons and unnations. Average

defecation rate for ench season was then obtained.

Total fecal output { TFO) was estimated by weighing the fresh dung of focal amimal during the
continuous montonng period. Once the focal animal defecated the fresh dung weight was
weighed and part of the defecation (1-2 kg) excluding external dusty laver was collected ina
poly bag. The dung samples were then dried at 40 to 50" C to constant weight. and kept for
chemical analysis in air ught box. Smularly, to find out the relation between fresh and dry
weight of the dung 1 oven dried 7 samples {(weight ranging from 50 gm to 15300 gm) of fresh
dung at 90° C to constant weight in each season. A simple linear regression equation was then
derved to convert all fresh dung weights into dry weights for cach scason

Chemical analysis of food plants and dung samples

By the end of a scason all the dned bite samples of food plants and dung were ground and
sieved through a 0.5 mm mesh. Sixiy grams of ground forage powder was taken for chemical
analysis. Chemical analysis was done at Amimal Nutribon Laboratory of Nepal Agricultural
Research Council (NARC), Kathmandu. Seventy samples from 14 species of major food
species (3 replicates of each species) for the monsoon season, 50 samples from 10 species of
food plants for cool drv season, and 65 samples from 13 species of food plants for the hot dry
scason were analyzed for crude protein (CP). acid detergent fiber (ADF). neutral detergent
fiber (NDF), total ash (TA), Organic matier (OM), cellulose (Ce). hemicelluloses (HC) and

an
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However, 14 species of plants contributed 85% of annual dict n torms of dry biomass

consumpricnL.

Table 3.2. Percentage feeding activity of rhinos by scason in different habitats as determined from 724
b of continueus menitoring from elephant back in Chitwan National Park, Nepal.

Season Rivenne forest Tall Grassland Short prassland
Monsoon 41.&0 43.36 14.84
Cold dry 28.52 44y 2182
Hot dry 17.77 58.07 .16
Annual average 2036 50.36 228
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Figure 3.2. Scasonal and annual percentage time spent foeding by thanos. Bars anc standard

CITars.

Hot dry season diet

During hot dry season rhinos consumed 33 species of plants of which eight species
comtributed over 90% of the dict (DM basis). Saccharum sponianewnm (34%), Imperata
cvlindrica  (27%), Eragrastris  temefla (9%}, Cersivmn  wallichii  (5.5%), Narengo
porplhovrocomr (53%), Cynodon dactelon (2%), Phragmites karka (3%), and Mikamio
micrantha {3%4) were the main food plants of the hot dry scason {Table 3.2). Browse specics
contributed sbout 5% of the diet Water plants that are sparsely available were avidly
consumed. Total dry matter intake {(DMI) during the dry season was 21.77 = 5.87 kp'day
{Figure 3.3, table 3.3). Daily (24 h) time spent feeding was 9.71 + 028 b
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Figure 3.3, Annual and seasonal dry matier intake (DMI) by rhinos {male and female combaned)
in Chitwan National Park. Error bars are standard errors.
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Figure 3.4, Annual and scasonal dry matier intake by adult male and female rhinos in Chitwan
National Park. Error bars are standard errors.

Dy e vk | i)

The male rhinos were found 1o take shghtly higher dry matter intake (DM in all scasons
compared o females ({Figune 3.4}, but the difference was not sigmficant { Kruskal Wallis one-
way ANOVA, ¥ =2.24, df =1, p=0.152).



Tahle 3.3, Diet composition amd dry mater mvake (M) of greater one-homed rhinoceros in Chitwan Mations] Park as estimated by bite counts, time spest fomging in different habiix, bite maes amd bite

weights during the bot dry sesssn 2010 - 2011, Inthe table th is tatal sumber of bites in the particular kabita and 1sfis time spent feading im dhat habitat.

Bite | DW) | Tallgrasslnd th - 9801 7= S 163 Shent grassland (th = 708 F= 200 b} Riverine forest (b~ 1000, w= 2540 | o |
Food plasss mie | b e i
X | ") AlE[L‘|D|E A|D|E[D|E AIB|E|D|E
A — 106 264 | 631 057 037 164R 623% | 1652 139 034 650 65073 | 144 LIS 036 26569 00N | 19735 e
Saccharum hegebnsix | 1176 276 | BS1 072 045 CJESO  TOLII | @75 006 002 D7 340 | 34 030 009 6271 [IE09 | BEI3Y 197

Sorchoruw osnam | 1206 306 | 4078 335 200 4263 467166 | 2007 299 DR 43830 129906 | Ji6 103 067  4samy (38973 | TIAIsH

lmporsia crfindrica | 1208 555 | 1153 095 059 43056 401 [ 236 |85 045 31930 1me042 | 065 135 042 MA43  ITHIE | mmm  mm
Callicarpa macesphbs | 1258 354 | 233 0U9 042 S719  J0ESS | @80 0D@ 000 GO0 @80 | 20 D7 045 IETS  [3TH2 | M4se6  26s
A sl 1157 283 | 288 022 @04 0&T4 17257 | 752 DAS 06 10071 19906 | 13 DU 006 4059 (1436 | 40600 13
oot reilo o0 142 | B30 08T 033 WS IM00 | 439 037 009 6Bl vaT4 | @00 000 000 000 000 | 4ME4  Les
—y 1260 18 | 756 063 03% A6 SI05T | 600 00O 000  BOG 660 | 1 175 054 38746 698NT | 120043 ST
Narvogeporkurocoma | 1220 197 | 921 076 047 MSIT 65149 | 080 00O 000 000 680 | 91 D75 023 16T 33149 | 101298 466
Pl bk 1165 334 | 351 030 009 13038 41892 | 451 039 000  6SHY 21996 | 600 000 000 000 000 | ESRAS 1m
Hemaribrizcompressa | 1262 289 | 005 000 001 557 (445 | S39 p43 oap  7Es6 2099 | om0 000 000 000 oo | ZEad 1ol
ther specics 1207 282 | 130 BUD 006 4499 12694 | £50 074 DUH 10985 36640 | 6T0 035 007 16 E®d | m2M7 s
Tual 100 RI7 SI6 IMRTI IN59 | 100 B 201 1447 sos7 | o0 Rl 2s4  masae ssmoge | 7T neo

Hite e per minute (X}

Diry weight { gms per bite (¥}

%% hiles on 2 species (A = (0@l number of bites on o species‘iotal number of buies on e hobitat)* 100

Propaorisomal amount of time spent in freding | minute) on o spedes while obiaining 100 bites fram the pariculor habitm (B) = % bites /bite e L2 B = AKX
Total fisne spent (h) om o particular species in thai habitat {C) = B* total time spent feeding in the babitat Total time for 100 bites Le. C= B*SC/YR

Mumber of bites on o species in & day (I¥ = Time foreging in 2 speries (Cf*bite rabe* Bl ie. D=1 * X * 60
Dy matter imtake (D8I} in pm per day from e species (Ej = Number of bites on a spacies i o seasom (D) * Dy bite weight (Y] ie E=D*Y
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Cool dry season diet

The rhinos were observed to consume 39 species of plants during the cool dry season. However,
ten species namely Saccharum spontanenm (22%), Impevata cvlindrica (14%%), Saccharum
bhengalensis (6%). Eragrostis teneffa (9% ), Callicarpa macrophvifa (11%), Phragmites karka
(7%). Mikania micrantha (3%), Coffea bengalensis (3%), Litsea monopetala (4%) and Lantana
camara (2%) contributed over 80% of the diet (Table 3.3). Browsing in the cool dry season
mcreased compared to other seasons and 23% of the diet was coniributed by browse species.
Water plants were eaten avidly. Total dry matter intake (DMI) during eool dry season was 24.59
= 6.24 kg'day (Fig 3.3, table 3.4). Daily time spent feeding was 9.65 = 0.66 h.

Monsoon season diet

Forty three species of plants were eaten during the monscon season. However, 9 species
contributed 80% of the monsoon diet (DM basis). Saccharnem spontanenm (25%), Eragrostri
tenefla (23%), Saccharum bengalensis (%), Imperata cylindrica (8%), Brachiaria species (8%),
Trewia nudiflora fruits (4%), Phragmites karka (%), Cynodon dactvlon {3%) and Hemarthria
compressa (3%) were the main food plants (Table 3.5). During the monsoon rhinos feed on a
variety of annual herbs and water plants. Total dry matter intake (DMI) was 24.66 = 4.88 kg/day
(Figure 3.3). Daily time spent feeding was 9.1 048 h



Tahle 1.4. Diet composition amd dry mater ke (V) of greater one-homed rhinoceros in Chitwan NP Nepal as estimated by bite counts, time spent foraging in differem habies: bile mies and bise weighis
during the el dry season 2010 200 1. In the tzhle th is 1om] number of baies in the partioalar hahiist and ref is ime spent feeding in tha habita,

e E: W hite Tall grasstand {ih = 4340, tsF= 5 by Riverine forestith = 110, isf= 271 ki Short grasstand i = 200, 155 = 193 b} ‘[;“:n' %in

X Y alafe] B | E A lwje] B ]-E Ala]Jc] o | E I

Impormla cylindrica 1074 65| 550 05T 028 IELAD 56309 | 3% D37 001 607 25EI0 | STM 513 LI0  TO9T0 250039 | 3SO4SH 1435
Collicgpa macmpletle | 1043 533 636 061 033 20600 W9GOE | 1077 L0 030 IRSSE  I0A323 | LIS 108 023 M4LOE TS05T | ZB49ET 1159
Mikawia micrmiha 1076 L4 | IL06 D@} 036 3ISEI1 SO0ed | D65 108 031 20405 IBSET | 2655 247 051 3910 46087 | 12481 SO8
L ambany caman M I60| 376 035 B I2L6E MITSE| 5S4 DS 005 960l 2505E | 43 QS D09 S9ES QSA32 | TMOE 2895
Soccharum spomtanenm | 1052 530 | M85 137 128 BORA4 420390 | 1149 L9 031 0LIY  IOMAAT SIS0 2135
Sacchorumbagrnsir | 1043 308 [ 1507 144 078 48830 MEOOI | 1EF 0O7 005 MAl 97 158604 6.5
Erugrastris enelia el 592 | %08 o nsl I S| 47 039 01 TIORE  43red W65 954
Phragmitex banaba = SES | As4 msn 033 IIne 1031 | 34T B3 009 GOTE 35543 159568 £
Coffea berginkensis 10 530 021 e B0l 67 3561 | K3 DBl 024 14559 TTIAR (e
L it ooyt WE 40| 260 om 013 w35 MG | TTT 07 02 13603 551 B9I96 363
Cymacer dncydon 1os 387 | 166 @IS BOE 5375 [9NEE | SO7  OHD 034 ISETT 56681 TEEEY 3
Drvopieris cockleata 076 33| LM e nos 3185 10865 | 380 036 001 6831 17645 1550 136
Narewps porphrocama | 1091 s09| 158 034 LI Bl 43391 | @38 0B 000 &SP 34N SEE13. 180
Brachiariia spp 1079 40| LD mi0 mDS 3508 G6R41 | 209 020 D6 384D (B4M LR TRTE
Solawum Spp 1625 150| 440 01T 0IF 14258 35645 | 000 000 000 000 060 35645 145
Water plasts 110 384 | ope oon oo ope oo | 3ES 035 @IB 6735 1SESE ISESH 109
Ohher specics I 40| 303 03 mIS M40 41556 | 1173 106 031 20540 B4LTS 125731 501
Total 0 926 500 3IN9A IMFS | 100 93 2171 TR TISTS4 | 100 934 (53 I19K)  39SAA5 | 455 1M

Bile rme per minuie {X}

Diry wieight i gm| per bite ()

%% hites {4 = {inial mumber of bnes on a specesioial mamber of hites on the abisat)* 100

Proportiomal amoun of time spem in feeding | minuie) on a spedes while obiaining 100 bites from the pariicular habiis {18 = % bites /bite e e, B = AX
Toim| time speni (h) on a particular species in that habits §C) = B* toml time spent feeding in the habii Toal Gme for 100 bites £e. C= B*¥C0YH

Mumber albites on a species in 2 day () = Time foraging in 2 species (C}*bse rate*6l Lo D=C * X = 6

Dry mabier intake (DT} in pm per day from s species {Ej = Number of biies on o species i a smson (D) * Dy bite weigh (Y] e E=D*Y
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Tahle 3.5. Iﬁﬂ.munummdltymm‘k:qﬂlﬂnlmuwmnmmmumﬂlmndMluhm‘tﬂdh}hucmn_’wﬂlEn'gnl in di ffierent babitatx bite maes and bite
weights during the mossoon seasom 2010 200 1. In the 1able th is toial number of bites i the partioufar hatitt and =F &= time spent feeding in that habite

) Bz ?F' Tall graslend |t - 4567, 1< - 434 5] Rivereme forest (1B~ 3841, 11 = 179 k) Short grassland fth - 843,65~ L2 0} | Toumt DAIT | % in
Species T e &
diet
g |m| Aflelc][ o | ¢ als]c] b | E Ala]le] o] E {zm)
Erugrotriz tenella 1309 239 | 1600 257 L4 (ASH4 JWII6 | MRS I3 134 [03TA0 4THsS | 2182 170 025 J0SEE 49206 |  SROZSE 23S
tengufesis 1406 XD | AST O3 OIS IS034 4RD33 | 456 032 OUK. (4K4D P3| MDD 00T W01 KB 2847 5293 39K
p—— 1400 499 | 231 16} 089 THT 4T3 | RS0 G064 035 29001 IMTIT [ 1601 104 006 13835 69037 |  SRRSEE 2386
Phragmites karka 1448 7ol | 041 @0l 080 368 264 | 200 G004 ODE 6530 4STES| 620 043 006 5440 3SId6 | mesie 35
Ioprevmata cylindrica 1396 2154|1032 a7 041 13974 R62IT| THI 056 030 15440 G566 [ 63 16 025 21291 030 | 2083 R3O
Brachiaria s 1556 265 | &76 043 02 1286 SR03 | 1501 097 G52 48930 (20506 | 3D 034 M0 I2RIRGO0 loTiie 7
Mikawia micrantha 1402 11| o4 @15 008 6TEs  BLI3| 479 034 049 (5603 IBATS| LI4 008 o0l 9BS 191 =/ 104
€modom dactyian 1400 535 | @91 007 om  J82 1055|081 400 086 4908 25971 754 054 008 6519 Ma3 | a3 L0
Water plasis 306 406 | 331 LGS 05 IGWOT 44233 | M0 G000 680 000 B[ G 005 a0 141 570 MM L2
Flemeniga spp 1779 STI| 120 @e7 oM e 13059 | 057 003 002 IR66 1066% | oo o000 000 oo - 34W 136
Callic
macrophyla 1700 438 | @sd oes 000 3095 1326 | 104 006 083 3382 14531 B0 000 000 000 - e 1
Hemgribrio compressa 1402 375 | 248 0UE 000 BLSD M64¢ | 000 000 080 DO0  BOO| 1270 090 @43 I9T4 4107 | TiT6E 190
Litsi momopactala 1577 488 | 045 @0} @0 1474 TIHS| 219 404 o0k TI23 735 | oo oo oo0 oo - wolr 1
Trewia muliflor 1306 445 | oo 00 000 000 000 | TS 0S8 020 M5 (09041 | noe 000 GO0 oae - (LTI
Diher speries 1308 400 | E08 0S5 03} A0 07051 | 1234 088 04R MRS IB0SOT| 1R 01 003 M489 10038 | 29795 113
Tol 00 TH1 44 12920 110302 | 100 700 IS0 J25TI6 I0S4AT[ 10 705 103 Ae437 Joeres | 246669 100

Bile rme per minuie {X}

Diry wieight i gm| per bite ()

%% hites {4 = {inial mumber of bnes on a specesioial mamber of hites on the abisat)* 100

Proporticmal amount of time spem in feeding | minuie) on a spedes while obiaining [0 bites from the pariicular habitm {1 = % bites /bite e Lo B = 47X
Toim| time speni (h) on a particular species in that habits §C) = B* toml time spent feeding in the habii Toal Gme for 1080 bites Le. C= B*YC05H
Mumber albites on a species in 2 day (I¥F) = Time forzging in 2 species (C)*bise rate*6 Lo D= C * X * 80

Dry mabier intake (DT} in pm per day from e species {Ej= Number of biies on o species i a smson (D) * Dy bite weigh (Y] e E=D*Y




Total fecal output (TFO)

The average daily defecation rate was 225 + .25 times in the hot dry season, 2.61 + 0.42 times
in the cool dry season and 2.65 = 0.27 times in the monscon season. The regression equations for
converting fresh dung weight to dry weight (Y) were: ¥ = 0.183 (£0.002)*fresh weight — 0.6
{£1.55) (R* = 0.99, p < 0.001) for the hot dry season, ¥ = 0.1925 (+0.003}*fresh weight — 1.1
(0.58) ((R? = 0.99, p = 0.001 ) for the cool dry season and Y = 0.1647 (£0.012)*fresh weight +
5.53 (+0.91) (R* = 0.98, p < 0,001 ) for the monsoon season. Average daily fecal output in term of
dry weight were 5.98 £ 0.66 kg for the hot dry season, 8.22 = | 32 Kg for the cool dry season and
7.33 £0.72 kg for the monsoon (Figure 3.5). Average annual TFO was 7.03 + 0.9 Kg per day (in
24 h). The average daily dung output was found consistenl across the seasons (One-Way
ANOVA, Fr =065, p= 0.526).

I, T
I
W T L |
= |
H
= a4
=

Hot dry Cooldry Muonsoon Annual

Figure 3.5. Annual and scasonal daily total fecal output {DW) of adult greater one horned rlunoceros.
Error bars are SE.

Average annual fresh weight of fecal matter (per defecation) for adult male was 17.7+ 1.2 kg
while for the female it was 15.6 = 1.1 kg and the difference was not significant (Kruskal Wallis
One-way ANOVA, i =24, df =1, p=0.121).
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Chemical analysis of food plants

Seasonal food plants of rhinos were analyzed for total organic matter (OM), crude protein (CP),
neutral detergent fiber (NDF), acid detergent fiber { ADF). total ash (TA), hemicelluloses (HC),
cellulose (Ce), and calcium (Ca) (See Tables 3.6, 3.7, and 3.8). The CP content in the rhino's food
plants varied from 4% to 17% on a dry matter basis. CP in cool dry season was highest in browse
species like Mikaria micrantha, Litsea monopeials and Callicarpa macrophyila, while NDF and
ADF values were then low (Table 3.7). The grass species had low CP and high NDF and ADF in
that season compared to the other seasons.

Browse species like Litsea monopetala, Callicarpa macrophylia, Mikania micrantha and Coffea
bengalensis had higher CP but low NDF and ADF in all seasons. The grass species had higher
CP during the growing season (late dry to early monsoon) but were low in CP during the cool dry
season. In general, the major food plant species like Saccharum species. Narenga prophyrocoma,
Phragmites Karka, Cynodon dactvlon, Eragrostris tenella, and fmperata cyfindrica did not show
marked seasonal variation in the nutrient contents. However, to supplement their dietary needs
rhinos strategically switched into different species (eg. browses) that have high CP and low ADF,
NDF according to the seasons. Seasonal variations in the nutrient content of the major food plants
are presented on figures 3.6 and 3.7.

CP and NDF n the fecal material were found to be higher in the dry season compared to the cool
dry and the monsoon season (Table 3.9). There was no marked seasonal change in the other

mutrient contents in the fecal material.



Table 3.6. Chemical analvsis of the hot dry season food plants of rhinos i Chitwan. The values are n
percentage mean and parenthesis values refer to the standard error. The values of other species were derrved
from the mean of all species for further calculation purposes.

SN Food planis N TA oM CP MNDF ADF HC Ce Ca
1 Cersium walliclii 4 2194 TRODE 647 3397 233 10TI 1607 483
(031) (0310 (0.38) {0.50) (0.97) (0.81) (L7T9) (D.59)
2 Nk 3 G4, BE o8 et wm en s 0
S et s 8%, U SL Bu o2 mu o o
¢ s 4 W2 I E s wm s o
s ek 3 45, BN ND 5 Vo 0 us
o Smbess 5 IS RS o me om e we oo
RECTEEY 1
e Y -
G e— N AT T
O s 3 SO S R W M am e e
1 Bkt sgi s 1540 8450 BT 62.19 3360 I858 27.60 (.62
(65)  (065)  (0.26) (125) (125} (0.56) (1.84) (012)
ek & OF RS D HD af e sk ot
5 mesiie 4 R WE SR g R e G
" obey BEL L Ly

N, number of samples; TA, total ash; DM, organic matter; CP, crude protein; NDF, nevtral detergent fiber;
ADF, acid detergent fiber; HC., hemicellulose; Ce, cellulose; Ca, caleium.
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Tabte 3.7. Chemical analysis of the cool dry season food plants of rhinos in Chitwan. The values are n
percentage mean and parenthesis values refer 1o the standard error. The values of other species were derived
from the mean of all species for further calculation purposes.

SN Food plants N TA ©OM CP NDF ADF HC Ce Ca
: 6.5 935 1202 4706 3207 1498 1583 508
1 Litsea monopeiala F 029) (028) (034 (L02) (L7 {241 (112) (03T
s silaiamioanhe 5 1256 ST44 1637 4698 3615 1083 1758 500
4 022) (022) (0.42) (1.03) (L.OR) (0.54) (L75) (032)
; 1029 070 1278 4837 3374 1462 1904 358
g 02 (02m (028) (164 (07 (1.23) (075 {043)
) 061 0030 760 4700 2024 1785 1903 622
4 Cofeahengalensis 5 08y (o08) (0.12) (231) (005) (1.66) (0420 (0.73)
s Callicarpa s B2 OLTT 1161 5565 4224 1340 2539 408
macrophyila {0.46) (0.46) (039) (0.94) (232) (L54) (L&) (0.29)

: 578 0421 1491 6906 6115 KO0 290 426
5 Desdansn 3 l006) (00T (101) (193) (274) (L27) (L510 {(0.35)
o 700 0200 600 8548 5024 3523 3740 13
7 Impermtaglindica 5 g5y @sn @23) (LIS) (156 (7)) (220) (0.13)
: 886 0113 K12 5001 5048 2053 3663 216
8 Pirmpeiiexborin (0.21) (021) (039) (093] (L48) (126) (1L.84) (0.23)
) 679 9320 669 8677 6060 2616 4701 239
9 Saccharum begalensis 5 054y (054) (0.49) (0.69) (3.08) (3.11) (3.06) (0.34)
o Saccharum s 618 03E1 611 224 MES 3730 R4l 186
spontaneim (03)  (030) (028) (0.81) (0.94) (0.58) (L.68) (0.24)

5 | B 4 1310 8639 949 7336 5618 ITI3 4885 091
TR e {040 (040) {L.12) (064 (407) {353) (377 (0.09)

B : 571 0128 1021 6565 4518 2047 3040 344
IE: (©.31) (0310 (0.46) (1.19) (LET) (LEI) (L81) ({033)

N, number of samples; TA, total ash; OM, organic matter; CP, crude protein; NDF, ncutral detergent fiber;
ADF, acid detergent fiber; HC. hemicellulose; Ce, cellulose; Ca, caleium.
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Table 3.8 Chermical analvsis of the monseon season food plants of rhinos i Chitwan. The valoes are n
percentage mean and parenthesis values refer 1o the standard error. The values of other species were derived from
the mean of all species for further calculation purposcs.

Hzhit Food plants N TA oM CP NDF  ADF HC Ce Ca
. ok S @19 (©19) (019 (004 (287 (24 (206) (v0)
2 Phragmites kara S @ 0 o) (s (10 (2 @ @0
3 Mkaamicmhe S (G380 @71) 679 000 G G2) ©h
4 Trewia udifors S (1) (i (033 @) 099 O8) ©) (005
S Swchomberglenss S (Gl (1) (033 (04 G2 (S @9 (009
6 Oodmdacnion 5 G G5 @7) (s 66N @4 359 @0
7 Emgomeda S G50 050 050 (% G 25 @) 6
8 Hemmbracamrezm S (Gl (00 (48 @7) (25 19 @on (@)
O Naegaprophrocoms S 0% 04 (e (118 (520 (47 @sh (@07
10 Bruckiaria pp S @85 (051 (O8) (2 G (76 @) @)
W lesmonopels S G30 (G36) 064 (1310 () (1% (60 (009
2 Cofeatenslenss S @30 (G R4 (129) (140 (048 (115 (009
5 Scchompomsnewn 5 5o Doy (oo (loe) (&) G43) (19 (@08
4 Calicapamarophlla S G0b (G08 06h (200 (L17) A2) (5 (.10
15 Other i OT) @7 06 (08 G s 2% o

N, number of samples; TA, total ash; OM, organic matter; CP, crude protein; NDF. neutral detergent fiber; ADF,
acid detergent fiber; HC. hemicellulose; Ce, cellubose; Ca, caleium.
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Table 3.9. Scasonal chemical content of the focal matenal of rhinos i Chitwan. The values are in percentage mean
dry weight and the parentheses refer 1o the standard errors.

Season TA oM cp NDF ADF HC Ce Ca
16.41 H3.58 307 57.35 T 1 36.25 212
Mmool 1amy (g2m @2n @31 Wk HROH Wy e
1811 B1.ER 514 57.51 4518 3535 230
: o
Cooldry 1471 (101} (0.34) (240 (136 BAAM b s i0.12)
Hot d 1821 8179 977 63.12 51.11 12.01 36.E6 LT
ToAm 04 i0.37)  (198) (2.10) (3.00) i1.67)  (025)

TA . total ash; OM, organec matter; CP, crude protem; NDF, newtral detergent fiber; ADF, aoid detergent fiber:
HC. hemicellulose; Ce, cellulose; Ca. caleium.

B Monsoon B Cooldry B Hotdry
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Major food plant species

Figure 3.6. Scasonal vanation in CP in nne major food plants of rhines. Sasap, Saccharim spontanenm,
Imcy. Imperata cvlindrica; Erte, Eragrostris feneila; Napo, Narenga porphyrocoma; Sabe, Saceharum
bengalensis; Limw, Litsea monopeiala; Cama, Callicarpa macrophlla; Phka, Phragmites karka and

M., Mikania micrantha.
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Figure 3.7, Seasonal variation im OM in major food plants of chinos. Sasap, Saccharum spontarenm;
Imcy. dmperata cvlindrica; Ene, Eragrosiris tenella; Napo, Narenga porphyrocoma; Sabe, Saccharum

bengalensis; Limwo, Litsea monopetala; Cama, Callicarpa macrophyvila; Phka, Phragmites karka and

Mim, Mikania micrantha.

Total nutrient intake and digestibility

Total dry matter intake (DMI) of a species was multiplied by the percentage of its nutrient
content to estimate the total nutrient intake from that species by the rhino. A detailed account of
the total nutrient intake by the rhinos from different species in the monsoon, the cool dry season
and the hot dry season is given in tables 3.10, 5.11 and 3.12 respectively. Total nutrient intake

and excretion were highest in the cool dry season.
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Table 110 Avemge doily mmrient inteke {gm). averape daily soiment outpoi {gm) o fecal and mtriem dipestibility of grester
one-homed thimocems dening monsoon sessen in Chirvsn National Park.

Fiood plamis TA oM P NDF ADF HC Ce Ca
Foperatn orlmitrica 13657 191174 14792 [TOT.06 41330 IRIET 124949 L.
Phragmites barko BS21 %93 10334 86,89 GII4E 8444 495.69 143
Mikwmia micramtha 3651 24527 LTA 148.5T 12175 26.82 5.0 aTs
Trewaa nusdifiors Lift ] 994.24 11821 132,41 IR 5515 IIRAD 642
Sacckarum hengirlemsis 6074 Q2218 62,05 B40T4 TDEIE 134.37 2152 47
Crnosdon dmctyion H9 5% 671,61 59,67 59512 3212 299 IELD] 12
Erugrasry tenella TRI4E SD0953  SOR3]I 4453 1MW [I918) 2R1945 M1
Hemarilinia compressa B0 H5T.31 4387 SBb. 65 4LLET 151.99 16457 5
Narengs proplnroroma 182 4091 .82 3550 IEZR B2 2433 il
Bruchinria spp HIT AR IT63.7E 4159 134059 WRLIE  MTTZ MHT2R 5
Litsew mowopetalo 1465 19446 62.06 26233 11969 3164 136.51 4
Caffea hemgalensis (] | 165 1249 5113 4325 BER 2837 0]
Saccharum sponlanam e 5mw IRR3Y  AR0d 0S5 WEl4  BIG6F  336B4F ITEY
Callicarpa mucrplyia 1579 25813 2726 165.93 13966 27 E7.52 i
Other species JIET™®  3DE300 2RTA6 23El1 1R&69.71 46540 145980 1508
Total sutrieni imtake (gmi 64l 2202049 |RODSS  |RITISd 1455504 361TAD 1204364 13LH
Total muireini is dungi gm) 29296 387370 6MISD A IROROE 44656 IS4TRA 14
Total Ihmestibility 051 LK) .65 078 0is hEE 0.7 .13

TA intal ash: Om organic maiter; CP. cude proiem: NOF, newraf detergent fibrez ADF. acid deterpent fibre: HE, hemscellulose:
Ce, Cellulose; Ca, Calcimm.

Tahle 3.1 1. Averape duily mmrient mizke {gm). average daily muiment autpat | gm} in fecal and metriem dipestibilsy of grester
one-homed thimoceres during Cool dry seasan in Chitwan Matiomal Pade

Fooed plasts TA M cr NIF ADF. HC Ce Ca

Litsew mumopetala LLEN Biing 107.34 4320.25 1RE 40 13385 M1 4541
Mikamia wicrawiba 15677 109141 21057 SRR A5 451.26 1353 H952 624
Lawiani cowera 7464 65028 9267 56T ed 1603 J1ROR 1598
Cayfea hengalensis T1.56 T20.66 6139 &0 19 1M 145 5364 5021
Callicarpa macropinta 2338 261549 33092 1586.12 IMMOs IR TIRTZ  AS2
Desmadium spp 0.9 165946 617 12163 7.7 410 5136 151

Impermia cyfimadrica 8024 3224 21360 IP95ED IT60.E5T  12M49F 131LBS  HIM
Piwragmites karkn 14150 145413 12937 127,74 L] 4TI  ER4S2 M50
Saccherum bepalensiy 10784 1478.19 106.25 137621 6118 41503 T4TIR 3T
Secoherum sposianam 2455 4r5sl 098 431797 35491 1961 MIEBRE 9786
Erugrusins fenlla M7Ad 203874 222TR 172125 IMEg 40106 114617 - 2143
Oiher species JI4R3 10580  BAHGE  IYMIET I6MIT T  MW797  1X4
Total mutrient imtake (gm) 208794 22504550 219077 17SDALIT 1IMAXOe  Sl420E . ERRLD] TOS34
Tital mutreing im dosgigm) 148941 67M.59  6BO.2G 4729469 WEIE  TETS) X721 19650
Total Dhzestibility 029 0.7 0.69 0.73 [T OEE Q.65 a7

TA intal ash; Om. arganic maiter; TP, cude proiein: NOF, nestml detengent fibrez ADF, acid detergent fGfwe; HE, hemiceliulose:
Ce. Cellulose: Ca. Calcrm.



Table 112 Avempe duify motrient intzke {pm). average daily mntu.n]miplmfua] ad mutriem dipestibility of prester
one-homed thinocems dening et dry sesson in Chiswan Matoml P

Fiood pilamis TA [ cr NIF ADF HC Ce Ca

Cervizm wallichiy 265.35 4208 B 409z 2ELIT 19355 19372 5E48
Naremga porplnrooams 9266 92032 10206 E20.96 40797 41299 35662 9.68
Impermia cyfimarica 4048 362135 31158 SITE.13 54530 1532ER 284145 SETE
Saccharum sponlanam TER4D  BSTLIG  STR3] hsn 08 MTESE 301996 27752 5443
Caffea bengalmis 140 2295 173 1L17 2.4 L73 475 .44
Sacrkarum bengmiensis .77 74122 B4.15 3300 4214 17158 17057 £ E g
Phragmites karka BB 57827 BE.34 451 E7 10530 21857 MBSS 0¥
Litsen mopopetala 135 174l 1 1442 [iE4] im 484 A b
Callicarpa macrepinta 433 40235 4488 15929 15 5445 10320 465
Mikwmia micramtha 9774 59035 62.37 20THY L6982 45805 155 1153
Brachioriz spp 28.11 I5438 15.88 1150 6113 217 5054 113
Cmnadon dachrion 5126 7357 1290 10696 I650s 14191 13028 346
Erngrariny fenella 258.67 1715.58 187.47 | 448 41 110916 139236 9480 1803
Other s | .47 T47.95 B0 53139 JWET 19672 23775 10.23
Total sutrient imiske (gmi 10 942013 1TIE9Y D6R36ER 1043 842357 BII3RR 23735
Total mutrient = dusgi gm) 1090 4R9158  5R427 ITTSE 5TXN  TIEA9 2120505 65TE
Tikal di pestibility 0.53 075 D66 0.78 o7l 0.R9 .73 0.3n

TA inial ash; Om organic maiter; CP. cude proicin: MDF, newtral detergent fibrez ADF. acid deterpent fibre: HE, heomcellulose:
Ce, Cellmlose; Ca, Calcim.

Average dry matter digestibility (DMD) was 69% in the cool dry season, 72% in the hot dry
season and 74% in the monsoon season. Organic matter digestibility ranged between T0% and
75%, and CP digestibility between 63% and 69% across the different seasons. Similarly. NDF
and ADF had higher digestion coefficient and both were consistent across all seasons (Table
3.13). By regressing the forage nitrogen with fecal nitrogen [ obtained this equation: fecal
nitrogen (Y) = 0.1958 (+0.066) * forage nitrogen + 41.61 (= 20.34); (R* = 0.89, p= 0.2078). In
the equation the intercept (41.61) represents the metabolic fecal nitrogen (MFN). MFN is the
quantum of nitrogen excreted in the feces when intake of nitrogen in the diet is zero. Based on
this information, TPD was calculated to 79% for the monsoon, 80% for the cool dry season and
81% for the hot dry season (Table 3.13, Figure 3.8). In a nutshell, the digestibility of different

nutrient constituents was found to be quite consistent across seasons.
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Table 3.13. Seasonal digestibality coefficients achieved by free ranzing preater one-homed
rhinoceros for different constituents in Chitwan National Park Nepal.

Season ) CP NDF ADF HC Ce DM TPD
Monsoon 073 065 0.78 0.75 0.HE 0.79 0.74 0.79
Cool-Dry 0.7 065 0.73 0.65 .88 0.65 069 0.ED
Hot-Dry 0.75 .66 0.78 0.7l 0.8% 0.73 0.72 0.8l

L.00 - B Monsoon B Cool-Dry EHot-Dry
050 -

0.80 A
0.70
0.60
0.50

0.40 1

Digestibility

0.20
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0.00 +
om cP MDF ADF HC Ce DMD TPD

Figure 3_8. Scasonal average digestibility coefficients achieved by greater one horned rhinoceros for
different nuintional constituents. OM, orgamic matter; CP, crude protein; NDF, neuiral detergent
fiber; ADF, acd detergent fiber; HC. hemucelluloses; Ce Cellulose; DMD, dry matter
digestibility: TP, true protein digestibality.



Discussion

Bite rates and amount of food consumed

The food mtake of the grazers 1s influenced by height and bulk density {(weight per unit volume)
of the prasses (Laca et @/ 1992), oral morphology and mechanics of food consumption (Shipley
ef al. 1994}, Close observation of foraging radio-collared habituated rhinos followed by hand
simulation of bites allowed me to accurately quantify bite weight of various food items. Average
bite rate {per minute} was 13.37 = 1.03 for the monsoon, 11.98 + 0.52 during the cool dry season
and 11.50 = 0.33 during the hot dry season. Average dry weight of the bite was 3.32 g for the
monsoon, 3.93 g for the cool dry and 3.02 g for the hot dry season. Mean food intake in the
monsoon was 44 g'min, 47 g/min during in cool dry and 35 g/min during the hot dry season. In
general, the bite weight and bite rate were inversely related. The bite weight was higher in the
cool dry season as the rhinos were mostly browsing and grazing sprouted bunch of grasses, but
the bite rate was low. Shrader et af. (2006} has also reported decreased bite rate and increased
bite weight with the increasing height of the grass in white rhinos. Maximum bite rate was
75/min for white rhino and maximum intake was |00 g/'min. Mean food intake of 40 g/min in
white rhinos has been reported (Shrader e ol 2006). The dry bite weight for caitle has been
reported from 0.5 to 1.05 g/bite in different sward height (Soder ef af 2009). In general, the
average intake per minute {35 - 47 g/min) by the greater one-homed rhinoceros was comparable
with white rhinos. Black rhinos are true browsers and the intake rate and bite rate were not

available for the comparison.
Habitat use and diet composition

The use of different habitats across seasons is driven by the availability of food plants and water
hodies (Laurie 1978, Inawali 1995, Dinerstein 2003 ). The rhinos were found to follow the natural
nutritional gradient of plant species and foraging on them so as to have optimal nutrient intake
and digestibility. For example, when the grass species matured and had low crude protein during
the cool dry season rhinos shifted to browse species with higher CP content. Similarly, rhinos
heavily utilized new sprouts of the grasses like Saccharim spantanewm, Narenga porphyrocoma,
Imperata cylindrica and forbs like Cersium wallichii during hot dry season when these plants had

good CP, and low fibers.
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In a previous study in Chitwan. Inawali { |995) reported that the browse species contributed 23%
diet of the cool dry season, 14% in the hot dry season and 23% in the monsoon season. In an
earlier study. Laurie {1982} reported that browse species contributed 22% of the diet in the cool
dry season, 8% in the hot dry and 6% in the monsoon season. 1 found that the browse species
contributed 25% of the cool dry season diet. [0% of the hot dry and [5% of the monsoon season
diet. All studies were carried out in the same area and were showing the similar pattern except for
monsoon. The differences in the contribution of browse species in the diet during monsoon was
possibly due to differences in the availability of main browse species like Trewia mudiffora and
use of different methods for study iemicrohistological analysis (Jnawali 1995), occasional
observations (Laurie |978) and continucus direct observation (present study). Pradhan ef al
(2008} reported that rhinos in Bardia NP were utilizing maximum browses {up to 46% of the diet)
during the cool dry season. Jnawali (1995} also reported higher proportion of browse species in
the rhino diet in Bardia. The intake of a higher proportion of browse species in Bardia was
probably due to less availability of favored Seccharum spontamewm and high availability of
browse species (Inawali 1995, Pradhan ¢ /. 2008).

Saccharim spontarenm has always been the main food plant of rhinos in all seasons in Chitwan
(Jnawali 1995, Dinerstein 2003, Laurie 1978) and my findings also corroborate this. The high
contribution of £ spontaneum to the rhino diet was probably because of its unique nature of
sprouting throughout the vear (Lehmkuhl [989) and its high standing biomass (Jnawali 1995).
My study showed some differences in diet composition of rhinos compared to previous studies in
Chitwan, which are: i) During the previous studies 3% to 13% of the rhino diet was composed of
agricultural crops {Jnawali 1995} but this has dropped almost zero at present. This is because of
the installation of a rhino proof power fence on the fringe of the Park in recent vears. which
prevents rhinos from accessing crop fields for foraging: ii) Invasive species like Mikania
micrantha, and Lantana camara contributed ca. 5% of the annual diet in the present study. This
componeni was absent in the previous studies (Dinerstein 2003, Inawali 1995, Laurie 1978).
Mikania micrantha was accidently introduced in Chitwan in late 1990s, while Lantana camara
has been reported since 1980s. More than 15% of the prime rhino habitat has been invaded by
Mikania micrantha in recent years and the species has been reported to have negative impacts on
the rhino population (Murphy et af. 2012} as it kills the rhino's native food plants. ii1) Some of the
species like Eragrosiris tenella, Callicarpa macrophylia, and Brachiaria species were found
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consumed more than in previous studies. This may be due the increased availability of these
species after the evacuation of ca. 18 km® Padampur village in early 2000 (Dhakal er af. 2011).
These plants are early successional species and have high CP and low NDF.

The study shows that rhinos are opportunistic bulk feeders but quite adaptable in diet selection
and that they optimize their intake according to the availability of food plants. Rhinos obviously
have a broad diet breadth.

Dry matter intake, total fecal output and nutrient digestibility

Often cited ecological advantages of large body size are: i) larger animals have lower relative
energy requirements, ii) large gastrointestinal tract from which they achieve higher ingesta
retention time. and 111} capacity to use low quality forage (Demment and Van Soest 1985). Most
animals regulate total food intake relative to energy expenditures. Correspondingly, all animals
must optimize diet selection and intake in order to meet all nutrient requirements within energy,
time and bulk constraints (Robbins 1993). For large herbivores, empirical data do not — so far -
support the notion that intake is increased in response to declining diet quality (Mevyer & al.
2010). However, data are in accord with the assumption that most large herbivores have an
anticipatory strategy of acquiring body reserves when high-quality forage is available, and
reducing food intake (and potentially metabolic losses) when only low-quality forage is available
(Mever et al 2010). Compared to other megaherbivores rhinos are better in selecting the
digestible and nutritious foods in their habitat. Their prehensile lip allows them to select less
fibrous plant parts, which may allow them for greater digestive efficiency (Clemens and Maloiy
1983). Greater one-horned rhinoceros have the highest ingesta retention time among monogastric
ungulates (Clauss et af. 2005), and the ingesta particle sizes are also smaller compared to white
thinos, black rhinos, hippos and elephants, which allow them betier digestive efficiency (Clauss
et al. 2009, Steuer et af. 2010).

In the floodplain grasslands of Chitwan the soil is very fertile and the ground water table is high
throughout the year (Lehmkuhl 1989). Chitwan receives 2,242 mm rainfall annually: 1582 mm in
the monsoon, 54 mm in the cool dry season and 606 mm in the hot dry season (DMH 2001 to
2009, unpublished data). Grasses sprout and grow (vegetative phase) during the late hot dry

period, flower and mature during the monsoon and senescence during the cool dry season. Thus,
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nutritionally the cool dry season should be poorest period in the region. However, as a
management practice, the grasslands are bumt during cool dry season and early hot dry season.
Due to high moisture content of the alluvial floodplain soils and sporadic rainfall the grasses
sprout in early hot dry season. providing a flush of new nutrient-rich, highly digestible food
sources. This explains why there was little seasonal variation in the nufrient quality of the

ingested forage.

The rhinos spent longer time for foraging during the cool and hot dry season compared to
monsoon but they obtained nutritious and digestible forages even during the assumed stressful
period (January to early March in case of Chitwan). Dunng the monsoon, the animals feed on
variety of annuals and forbs together with late growing grasses and browses. Thus, the rhinos in
Chitwan were not facing a seasonal scarcity of food resources like rhino in the African continent.
Long ingesta retention time, small ingesta particle sizes provides increases digestive efficiency
(Clauss et al. 2009, Stever et a/. 2010} and permits them to survive on lower quality foods (Tlus
and Gordon 1992). This could explain why DML, DMD and TPD of the rhinos living in
productive alluvial floodplain of Chitwan were high and consistent across seasons.

Clauss et al. (2005) reported 13 to 28 kg of DMI, which was almost 0.5% to 1.3% of the body
weight with 35% to 61% DMD and 85% to 95% TPD in the zoo rations for greater one-horned
rhinoseros. Black rhinos achieved 46% to 72% DMD and over 88% TPD in conventional zoo
rations {Clauss er af. 2006). Atkinson (1995) reported DMD 28% to 50% for black rhinos held in
bomas in Zimbabwe and fed mdigenous browse, comparable to the estimated digestibility of
approximately 50% reported by Hall-Martin er al. {1982) for free ranging black rhinos. Whereas
digestibility (organic matter) met by zoo rhinos fed diets of alfalfa hay were as high as 65%
{Foose 1982). White rhinos achieved 41% to 57% DMD in different rations in feeding trials
(Kiefer ef af 2001). DMI in Sumatran rhinos (Dicerarhinus sumatrensis) was 2.8 to 4.1% of the
BW while the DMD was 82% which was comparatively higher in this species than reporied
previously. Mean CP level (ca. 10% DM) in diets of Sumatran rhinos was within the ranges
reported from free-ranging black rhinos (Dierenfeld e al. 2006).

The weight of free ranging rhinos varied from 1600 to 2200 kg in Chitwan based on the weight
taken during translocation (S.R. Inawali, pers. comm.). If I take 1900 kg as an average weight
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and annual average DMI as 23.67 kg for free ranging rhinos, their daily DMI would be about
1.25% of the body weight, which is within the upper ranges reported for this species in captivity.
Obviously, to maintain physiological balances, DMI should be higher among rhinos living in the
wild than in captivity. There was no difference between male and female rhinos in dry matter
intake in my study in spite of their body weight differences. The reason for this could be because
of small sample size (male = 2, female = 6) and all studied females were lactating fully grown
adults. The lactating females obviously should take more DMI to meet their metabolic needs. The
DML, DMD and TPD calculated from the field data were comparable with other rhino species
and with greater one-horned rhinos in captivity. The DMD was a bit higher compared to
captivity. Dierenfeld (2006) has also reported higher DMD in Sumatran rhinos (fed on wild

browse) which is in line with my results in greater one-horned rhinos.

Generally, skewed births or seasonality in breeding and calving are observed where there is

strong seasonal variation in food quality andior climate. Chitwan rhinos do not have any
seasonality in breeding {Laurie 1978, Dinerstein 2003, Chapter 8 of this study).

From the results and observations of (a) time spent foraging. (b} DML (c¢) DMD, (d) nutrient
digestibility, and (e} reproductive/birth rate seasonality [ conclude that seasonal fluctuations in
climate have minimal effects on quality of food resources for thines in the floodplain habitats of

Chitwan. The effect of rainfall variation across seasons was manifested in a behavioral shift
towards browse consumption when grasses were of low nutrient content. However, DML, DMD

and mutrnient intake was mamtained more or less constant across seasons,
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CHAPTER 4

Seasonal time budget and activity patterns of greater one-horned
rhinoceros in Chitwan National Park, Nepal

Photo: Observing activities and feeding by rlunos from elepham back



Introduction

Seasonal and daily time budpet and activity pattems are key biological aspects of an animal that
give an insight in the evolutionary history and adaptability of the species. Timing activity is
important in reducing competition, avoiding predation while maximizing nutrient intake.
Activity patterns of animals are influenced by both biotic and abiotic factors. Abiotic
environmental factors such as light and temperature may influence optimum daily and seasonal
activity patterns (e.g.. Nielsen 1983, Patterson et o/ 1999). Body mass, human disturbance, social
behavior, predator avoidance, prey acquisition, and competition also may affect activity in
different forms (e.g.. Bunnell and Harestad 19%). O'Donoghue et of 1998, Rogowitz 1997).
Animals peed to balance their nutrient requirement with seasonal availability and quality of
forage and minimize the risk of predation and competition. This is dore through optimal time and
space allocation to various activities differentially across seasons (Owen-Smith 1979, Dulphy et
al. 1980). Megaherbivores are mostly bulk feeders and are adapted to low quality diet compared
to small ungulates because of their large body size. They spend about half of the daily rhythm on
feeding (Owen-Smith 198%). The sctivity pattern and time spent for different activities are
substantially affected by the energy demand of the animal and number of constrains that the
animal encounters {Bunnel and Gillinghan 19%85). As a result, understanding daily and seasonal
time budget and activity patterns is important for developing conservation plans for endangered
species { Hwang and Garshelis 2007).

Papers describing the daily and seasomal activities and time budgets of Rhinoceros unicornis
(hereafter rhinos) are few (e.g., Laurie 1978, Dinerstein 2003) and knowledge on how rhinos are
performing with respect to changing habitat dynamics is very important for effective
conservation management of this endangered species. The study area, where previous studies on
rhinos were carried out by Laurie (1978), Jnawali (1995} and Dinerstein (2003 ), has changed
substantially over the vears. The observed changes are: 1) Mikenia micrantha, a highly invasive
creeping vine, has seriously invaded over 15% of the prime rhino habitats and 44% of the habitat
is under invasion of various levels in the recent decade (Murphy ev af. 2012). This invasion can
potentially kill native food plants of rhinos leading to substantial habitat degradation (DNFWC
2009, Murphy ef ol 2012). 2) Rhinos used to obtain 5% to 13% of their diet from the agricultural
crops (Inawali 1995). This opportunity of obtaining highly nutritious foods has been lost by the
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installation of rhino proof power fence on the Park border in the recent decade (NTNC
unpublished data). 3) Padampur village, which was inside the core area, has been evacuated in
2004 (Dhakal er af. 2011). This has provided an extra 18 km” of grassland and wetlands to rhinos
within the study area. 4) Vegetation succession is very rapid in the alluvial floodplains of the
Chitwan. As a result, short grasslands have been converted to tall grasslands and tall grasslands
into forested areas. In this context, my study was very timely to explore how rhinos are
responding to these changes. In this chapter, | have explored on seasonal and daily activity
patterns and time budget of rhinos and comparison with previous studies have been made with

ecological explanations.

Methods

Animal capture

Radio-telemetry has been used to study rhinos in Nepal for over 25 vears. This technology has
provided significant insight into the life-history strategies of these rhinos (Dinerstein 2003).
Between 2010 and 201 1, six females and two males were immobilized and fitted with GP'S radio-
collars. The animals were captured following the methodology developed by Dinerstein er al
(1990). We used VECTRONIC Aerospace GmbH GPS collars (Germany) for & animals and Afro
Trek GPS collars (South Africa) for 2 amimals. The collars functioned between 3 months and
over 30 months. For detail on capture. anesthesia and collaring see chapter 5.

Activity patterns

The radio-collared rhinos were habituated to captive elephants (Laurie 1978, Dinerstein and Price
1991) and could be approached to within 5 - 10 m distance without disturbing their normal
behavior. Each rhino was followed on elephant back continuously for 24 hours in each season for
one to three sessions (days) to record behavioral data where elephants and observers were
changed after 6 hours to avoid observer/elephant fatigue. Continucus monitoring was maostly
done during full moon and night vision equipment was used to observe behavioral activities.
During continuous monitoring every activity state and event was recorded. | recorded any
behavior lasting more than two minutes as activity state and less than two minute as activity
event (Altmann 1974, Lehner 1996). Based on previous studies (Laurie 1982, Dinerstein 2003,
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Kandel and Jhala 2008} behaviors were assigned following mutually exclusive and exhaustive
categories:

Grazing: Feeding on non woody vegetation like grasses, forbs, aquatic plants etc. The grass
species may have low height {ca. 5 cm) to maximum height of 7 meters in Chitwan.

Browsing: Rhinos feeding on woody vegetation like tree/shrub twigs, leaves, climbers and their
fruits.

Feeding: Feeding refers to both grazing and browsing. It does not include the time spent walking
while searching for food plants.

Wallowing: Immersing the body in water often combined with rolling in mud.

Resting: Laying down on the substrate, sleeping, or standing but resting with keeping its head
low.

Standing: Standing still and scanning the area around.

Walking: Moving from one place to another purposefully in search of wallow. bedding place,
food, or to find mates.

(ther activities (Evenfs): Social interactions, lactation (suckling), urination, defecation and
drnking water.

Care was taken to avoid any disturbance to the rhinos by the presence of observer and elephant
while collecting behavioral data. Dicta-phone recorders were used to record all observations.

Data analysis

Hourly activities were summed and averaged across all rhinos and all monitoring sessions in a
single season to understand time activity patterns. Total time invested in different activity states
by each rhino across all continuous monitoring sessions was averaged and variability between
rthinos was reported as standard errors. Activity data were tested for normality by Kolmogorav-
Smirnov test. Subsequently parametric tests were conducted in NCS5 (2007) to check for
seasonal difference in seasons and individuals. T wsed two-way ANOVA with seasons and

individual rhinos as main effects and season x individual rhinos as the interaction term (Zar
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2010). If interaction was found to be non significant. it was omitted from the analysis to gain
better statistical power for testing the main effects (Sokal and Rohlf 2012). For data analysis the
vear was divided mto three seasons: cool dry (mid October - mud February), hot dry (mid
February — mid June), and monsoon (mid June — mid October). The results of this study were
compared with previous studies ( Laurie 1978, Dinerstein 2003} to see if time budgets and activity

patterns across seasons had changed since their earlier studies.

Results

Seasonal time budget and activity

Eight radio-collared rhinos were observed continuously for 11 days in cool dry season. 13 days in
hot dry season and 17 days in monsoon season.  Annually, rhinos spent 3321 £ 2.29% time
prazing, 6.4 £ 0.19% time browsing, 39.61 + 1.93% time feeding. 841 = 1.56% time walking,
14.97 £ 2.3%% time wallowing, 30.31 + 3.05% time resting, 4.93 = 1.42% time standing and 1.77
+ [1.54% time in other activities (Table 4.1).

Table 4.1. Percentage ( Average = SE) time spent in different activities by rhinos duning cool dry in =
11 days). hot drv (n = 13 days), and monsoen (n= 17 days) seasons.

Activities

conl dry Hot dry Monsoon Annual
Grazing 2920=235 3B £ 137 ILEE+3.13 33.2]1 £229
Browsing 11.02 + 0.68 1.87 £ 0.35 6.31 = .70 6.40 =091
Feeding 4021 =279 40.41 + 1.20 38.19+ L.79 39.61 £1.93
Walking 1026 & 2.26 660+ 1.23 839z 119 841156
Wallowing 2.65 £ 0.97 .62+ 3.62 364 + 258 14.97 +2.39
Resting 40.44 = 1.54 1526+ 4.80 25.23 £ 251 30.31 +3.05
Standing 5.30 £ 0.79 538+ 246 411 =099 493 =142
Others 1.14 £ 0,20 1.74 + 0La3 243 0.77 1.76 =0.54
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Seasonal behavioral activity

Grazing

Time spent grazing was 29.20 + 2.35% in cool dry season, 38.54 £ 1.37% in hot dry season and
3188 = 3.13% in monsoon (Table 4.1, fig 4.2). There was no interaction effect between season
and individual rhinos for time investment in grazing (Two way ANOVA, Fs »s = 135, p =
0.3546). Grazing did not differ significantly across seasons {Two way ANOVA, F; =374, p=
0.063). Similarly, time spent grazing between the individuals was not significant (Two way
ANOVA, F 1 =214, p=0.1446).
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Fig 4.2. Time spent prazing by rhines in Chitwan depicted by scason. ® Sigmificant at p = (0L05 (Tukey-
Kramer Multiple-Companson Test).

Browsing

Rhinos spent 11.02 + 0.68% of time in cool dry, 1.87 + 0.35% time in hot dry and 6.31 = 1.70%
time during monsoon for the browsing (Table 4.1, fig 4.3). There was no significant interaction
between season and individual rhinos (Fy_ 2s = 0.53, p = 0.7766). Time spent browsing varied
significantly across seasons (Fa 2 = 18.83, p = <0.001). Browsing was not significant between
individual rhinos {Fs, 2, = 0.61. p = 0.6207).
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Fig 4.3. Time mvestment by rhinos on browsing depicted by season. * Significantly different at p < 0.05
{Tukey-Kramer Multiple-Companson Test).

Feeding

Rhinos spent 4021 = 2.79%; of time in cool dry season, 40.41 = 1.20% of time in hot dry season
and 38.19 + 1.79% of time during monsoon for feeding (Table 4.1, fig 4.4). There was no
interaction between season and individual thinos (Fs 25 = 101, p = 0.4617). Feeding activity did
not differ across seasons (F; ;5= 034, p = 0.7187) nor did individual rhinos differ in their time
investment for feeding (F 3,25 = 1.46, p= 0.2705).
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Fig 4.4. Time investment by rhinos on feeding depicied by season. * Significantly different at p < 0.05
{ Tukey-Kramer Multiple-Companson Test).
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Resting

Time spent resting was 40.44 + 1 .84% for cool dry season, 25.26 + 4.80% for hot dry season and
2523 = 2.51% for monsoon (Table 4.1, Fig 4.5). There was no interaction between season and
individual rhinos (Fs_2: =020, p =0.9692 ). The time spent resting was significant across seasons
(F1 2:=2, 25, p=0.0287). Resting was not significant between individual rhinos (F; s =0.12, p

=0.9470).
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Fig 4.5. Time mvestment by rhinos on resting depicted by season. * Signaficantly different at p < 0.05
{Tukey-Kramer Multiple-Companson Test).

Wallowing

Time spent wallowing was 2.65 + (.97% during cool dry season, 20.62 + 3.62% in hot dry season
and 21.64 £2.58% in monsoon (Table 4.1, fig 4.6). There was no interaction between season and
mdividual rhinos (Fg s = 2,70, p = 0.0631). Time spent wallowing was statistically significant
across seasons (Fa . = 27.68, p = <0.0001). However, there was no difference between

individuals (F3 s = .38, p=0.2831).
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Fig 4.6. Time investment by rhines on wallowing depicted by season. Cool dry 15 different with hot and
monsoon; Hot dry and monsoon were not different. * Sigmificantly different at p < 0.05 (Tukey-Kramer

Multiple-Companson Test).
Walking

Time spent walking for cool dry season was 10.26 = 2.26%, 6.60 = 1.23% for hot dry season and
8.39 £+ 1.19% during monsoon {Table 4.1, fig 4.T). There was no interaction between season and
individual rhinos (F; 25 = 170, p = 0.1993). The time spent walking was not significant across
seasons (Fo 25 = 044, p = 0.6506). Similarly, there was no difference on the time invested
walking between individuals (F; .5 =0.77, p=0.5333).
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Fig 4.7. Tume mvestment by rhinos on walking depicted by season. ® Sigmificantly different at p = 0.05
{Tukey-Kramer Multiple-Companson Test ).

Standing vigllance

Rhinos spent 5.30 £+ 0.79% of time during cool dry season, 5.38 = 2.46% of time in hot dry
season and 4.11 + 0.99% of time during monsoon in the standingvigilance (Table 4.1, fig 4.8).
There was no interaction between season and individual rhinos (Fe s = 041, p = 0.8579). The
seasonal time spent vigilance was not significantly different (F; . =048, p = 0.6296). There was

no seasonal variation in the vigilance time budget between the individuals (F3 25 = 134, p =
0.3038).
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Fig 4.8 Time investment by rhinos on standing/vigilance depicted by secason. * Sigmificantly different at
p = 005 [ Tukey-Kramer Muoltple-Companson Test).
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Dither activities

Rhinos spent 1.14 £ 0.20% of time in cool dry season, 1.74 £ (L63% of time in hot dry season and
243 £ 0.77% of time during monsoon for other activities (Table 4.1, fig 4.9). There was no
interaction between season and individeal rhinos (Fe s = 1.16, p = 0.3834). There was no
seasonal difference in the time spent on other activities (F; ;.= 2.08, p=0.1647). Similarly, there
was no individual variation on other activities (Fx == 122, p=03424).
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Fig 4.9. Time imnvestment by rhinos on other activities depicted by scason. * Sigmificantly different at p =
0.05 [ Tukev-Kramer Multiple-Companson Test).

Diel activity patterns
Grazing

During cool dry season rhinos exhibited four small peaks of grazing: first during midnight,
second between 6:00 and 9:00 h, third in the late afternoon between 14:00 and 18:00 h, and forth
between 21:00 h and 22:00 h (Fig 4.10). In the hot dry season, the animals followed a bimodal
grazing pattern (Fig 4.10); grazing was highest in early moming (between 3:00 b and 7:00 h) and
evening (between | 7:00 h and 20:00 h). Three peaks were observed during monsoon (Fig 4.10).
Highest grazing activity oceurred between 3:00 h and 7:00h in the morning. 16:00 h and 18:00 h,
and between 21:00 h and 22:00 h in the night. Rhinos spent more time grazing in the daytime

during cool dry season than during hot dry and monsoon seasons.
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Fig 4.10. Scasonal diel pattemns of grazing by greater one-homed rhinoceros (n = 8) in Chitwan National Park.

Bars arc standard errors.
Browsing

Figure 4.11 shows the seasonal diel browsing pattern. During the cool dry season browsing did
not have a pattern but there was a tendency for more browsing in late evening and midnight.
Browsing was lowest during hot dry season and was mostly done during the afternoon. In the
monsoon browsing was high during late afternoon and midnight but did not show any particular
diel pattern.
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Fig 4.11. Scasonal diel patterns of browsing by greater one-horned rhunoceros (n = 8) in Chitwan National
Park. Bars are standard erraors.

Feeding

During hot dry and monsoon seasons feeding showed similar bimodal pattern (Fig 4.12). During
winter animals showed a bimodal pattern with a short peak in the morning (T:00 — 9:00),
followed by a little activity during mid day and then increased activity and a long peak lasting
until shorthy after mid night (22:00 - 1:00).
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Fig 4.12. Scasonal diel pattern of feeding by greater one-homed rhinoceros (n = 8) in Chitwan National
Park. Bars are standard errors.

Resting

Resting peaked during midday (between 9:00 and 14:00 h) with smaller peaks before midnight
(between 19:00 h and 23:00 h) and very early moming (between 3:00 and 5:00 h) during the cool
dry season (Fig 4.13). Two peaks of resting (8:00 h to 11:00 h, and 21:00 h to 22:00 h) occurred

in hot dry season. The rhinos rested mostly during morming until late afternoon in the monsoon.
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Fig 4.13. Scasonal diel pattern of resting by greater one-hormed rfunoceros (n = 8) in Chitwan National

Park. Bars are standard errors.
Wallowing

During the hot dry season wallowing was concentrated between 10:00 b and 15:00 h, and had a
short peak during midnight (Fig 4.14). In the monscon, wallowing was frequent from very early
moming until late afternoon, with small. short peaks in the evening and at midnight. The low
frequency of wallowing occurred mainly during early moming in all seasons. There was very
little wallowing during cool dry season compared to other seasons and was mostly observed
during 18:00 h.
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Fig 4.14. Scasonal died pattern of wallowing by greater one-homed rhinoceros (n = £) in Chitwan National
Park. Bars are standard erraors.

Walking

Walking did not show any diel pattern in any of the three seasons (Fig 4.15).
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Fig 4.15. Scasonal diel pattemn of walking by greater one-homed rhinoceros (n = 8) in Chitwan National
Park. Bars are standard errors.



Standing vigilance

Standing did not exhibit any clear diel patterns during the cool dry or the monsoon seasons, but
showed irregular peaks in late night, forenoon and early evening {cool dryj and in the forenoon in
the monsoon (Fig 4.16).
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Fig 4.16. Seasonal diel pattem of standing by greater one homed rhinoceros (n = 8) in Chitwan National
Park. Bars are standard errars.

Dither activities

Time spent on other activities was very small and it showed no diel pattern (Fig 4.17). However,
a mall peak between 05:00 h and 07:00 h in the hot dry season and a small peak between 21:00 h
and 23:00 h in the monsoon were observed.
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Fig4.17. Scasonal diel pattemn of other activities by greater one-hormed rhanoceros (n = 8) in Chitwan

Mational Park. Bars are standard emrors.

Discussion

Seasonal activity pattern

During the 24 hour period. herbivores must. in general, spend up to 10 hours foraging in order to
meet their metabolic needs (Bunnel and Gillingham 1985). The time spent feeding differs with
availability and quality of food resources (See chapter 3 on nutritional ecology). For greater one-
horned rhinoceros, grazing activity was highest during the hot dry season and low during the
monscon and cool dry season. Browsing was high in the cool dry season and lowest during the
hot dry season. During the cool dry season grasses are over matured and the nutrients are either
allocated for seeds and/or translocated to underground parts in perennial species. Thus leaves and
shoots have low crude protein and digestible energy contents. This could be the reason to explain
why rhinos switched to browse species during the cool dry season. Similarly, during the hot dry
season, they grazed most of the time and browsed less as there was ample supply of newly
sprouted prasses like Saccharum spontaneum, Narenga prophyrocoma and Imperata cylindrica
after annual burning. The sprouting grasses are low in fiber content and of high nutritive value.
This type of shift in browsing and grazing according to food availability in different seasons was
also reported by Laurie ( 1978), Jnawali (1995) and Dinerstein (2003).
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The amount of time spent feeding was also influenced by the availability and height/stracture of
the grasslands. The time spent feeding was low in monsoon due to the high availability and high
density of the grasses. The high density good quality forage could be grazed in a shorter duration
for meeting the nutrient needs of the rhinos. Similarly, time spent feeding was highest during cool
dry season because of low availability of good forage and time needed for selecting the best part
from the matured grass sward. In the hot dry season grasses sprouted after burning were low in
height and rhinos should separate the new flushes from the unbumed swards which was more
time consuming compared to monsoon. As the food density and availability decreases foraging
effort must either increase or anmimal rely on body reserves conserving energy by lowering
foraging investment (Robbins 1993). Although the animal can alter foraging strategies by
selecting other species {e.g. browse in case of thino); becoming less selective (e g foraging even
on Mikamia by rhinos) or choosing more favorable food patches in the total environment (eg.
selecting more wet patches during dry season in case of rhinos); foraging efficiency must
ultimately decrease as the animal 15 forced to expand more time and energy in acquiring the
necessary food (Robbins 1993). This availability and selectivity of nutrient rich palatable forage
could probably be the main cause leading to seasonal variation in the time spent feeding. Even
though forage quality was low in cool dry season compared to other seasons, it was not below
critical levels where there would be negative returns by investing more energy/time in foraging.
Chitwan has diverse habitat patches that due to edaphic characteristics maintain differential
growth phases of grasses. Also with each grass sward there contimue to be some growing shoot,
especially in species that grow in moist soils. Thus, by investing more search time rhinos are able
to locate these micro habitats and select grass‘plant parts that have relatively higher nutrient
content. The prehensile upper lip and flexible mouth parts of the greater one-horned rhinoceros
enable it to be more selective in choosing plant parts compared to the white thino [ Ceratotherium
simeen) @ similar sized grazer. Thereby it is advantageous for greater one-horned rhinoceros to
increase investment in feeding and obtain the required nutrients in place of accumulating body
reserves (fat) and metabolizing this during times of low forage quality as fat production storage
and use are energetically more costly (Robbins 1993).

Wallowing is widespread among large mammalian herbivores. For the mega-herbivores living in
tropical open habitats, wallowing is a mechanism to adjust to the heat stress (Owen-Smith 1988,

Dinerstein 2003). In Chitwan average maximum temperature remains ca. 32 - 36" C during April
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to September (hot dry and monsoon) and ca. 23" C during January/February (cool dry season). |
clearly observed the following three strategies adopted by greater one-homed rhinoceros to cope
with the anmual temperature fluctuations: a) Spending more time feeding in late afiernoon and
night during the hot dry and monsoon seasons and proportionally more feeding during daylight
hours in the cool dry season (see fig 5). b) Resting in the riverine forest shade during hot day
hours and ¢ Increasing frequency and time of wallowing with increasing temperature and rains
in the late hot dry and monsoon seasons. The rhinos mostly preferred streams and rivers for
wallowing during the night time in cool dry season as it was relatively warmer than of stagnant
water. Similarly, stagnant pools‘wallows were preferred during hot dry and monsoon season as it
provides sufficient mud coat to the body for cooling and protection against insect bites. Similar
types of observations have been reported by Dinerstein (2003) and Laurie (1978). Similarly,
changes in behavioral responses with the changes in atmospheric temperatures have been
reported in the white and black rhinos by Owen-Smith | 1988).

Daily activity pattern

Rhiros were active both in day and night. During hot dry season and monseon the rhinos showed
a bimodal feeding pattern, while there was tendency towards bimodal pattern with some
fluctuations during cool dry season. Wallowing was highest during the day time and early
evening during hot dry and monsoon. It is clearly observed that both feeding and wallowing were
influenced by the atmospheric temperature. Similarly, during the winter period rhinos used more
time for resting especially in the grassland during late mormning and afterncon to get the mild
sunlight and hence to get relief from the severe cold of the night. Similar type of diel patterns
have been reported earlier by Dinerstein (2003) and Laurie (1978) from their studies in the same
area ca. 24 and 34 years ago.

The White rhinos spent 44% - 48% of time on feeding and 41% of the time in resting. They
showed bimodal feeding patterns. The main active periods were the early part of the moming and
late afternoon, extending in to the evening. Black rhinos {Diceros bicornis) were active for 47%
of the day and 5% of the night. They spent 30% of the daylight hours in feeding (Owen —Smith
1988).



Comparing feeding time budget with previous studies

| compared the seasonal time spent on feeding by rhinos with that reported by Dinerstein (2003)
to see if there were differences between two time frames. The estimates of feeding time reported
by Dinerstein (2003) for different seasons were lower than 95% confidence interval generated for
feeding time invested by rhinos in monsoon and hot dry season during the current study. While
the estimates of Dinerstein (2003) though lower than time spent foraging in cool dry season
estimated in the current siudy was not statistically significant {Figure 4.[8).
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Fig 4.1&. Companson of scasonal and anmual percentage tme spent fecding by rhinos in present study of
2011 and Dinerstein {2003). The error bars are 95% confidence imterval,

Although Laurie {1978) had also reported the time spent feeding based on his occasional short
term ohservations these estimates were not as reliable as of Dinerstein (2003) because Laurie's
study was not based on radiotelemetry. Dinerstein {2003} had good data set generated from radio-
collared animals like mine. However, my dataset is more extensive and intensive compared to
previous studies that represent the present field context and comparing with the result of
Dinerstein (2003) makes a good sense. Small variations on the results of similar research could
be obtained because of sample size and some variations in the several biotic and abiotic factors in

the field research. However, [ tried to maintain the same methodology and got adequate sample
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sizes to compare with the previous studies. In spite of these efforts there was 7% increment in the
average annual daily feeding time budget of rhinos compared to previous study of Dinterstein
(2003} and highest differences was observed during hot dry season (1 1%6) {Figure 4.18).

The evacuation of Padampur village in 2004 (ca. 18 km®) from the park has added prime
grassland habitat for rhinos and may have buffered the lost foraging opportunity on the farm
crops after the installation of power fence on the park border. Moreover, the population density of
the rhinos in the study area (especially in Icharny island) has decreased from 10.5km’
(Dinerstein 2003) to 5.7/km’ (present study) in the Ichemy Island. In the normal situation, the
addition of new prime habitat and decrease in the population density should provide ample space
and food for the rhinos and the same level of time spent feeding or even less time spent feeding
could be expected. Mikania micrancha has been reported to affect over 100 species of plants in
Chitwan (Sapkota 2007). Over 15% of the prime rhino habitat has been seriously invaded by the
Mikania micrantha and resulted in the habitat degradation and low availability of forage plants to
thinos and other herbivores (Murphy ef ol 2012, DNPWC 2009, see chapter 7). This has been
further exacerbated by the drying up of some waterholes and wetlands and change in the plant
structure due to rapid plant succession. Rhinos are adapted to early successional vegetation and
habitats along the alluvial floodplains. 1 suspect that because of combination of these factors the
thino habitat quality has become degraded compared to past. As a result, the time spent feeding
of rhinos may have been increased. The theoretical (Emlen 1966, Schoener 1971) and empirical
(Homewood 1978) stdies qualifies a habitat resource as poor if animals spend more time
feeding. It seems that since rhinos are generalists and have a very wide diet breadth of diet and
small changes in habitats could be adjusted easily. [ found that rhinos were feeding on Mikania
micrantfha and other invasive plants (see chapter on nutritional ecology) and were found to use
larger space for foraging and other activities (see chapter on ranging behavior and habitat use).
This shift in time budget to large feeding time in combination with other interferences on
population density and home ranges suggests deterioration of rhino habitat that could pose a
threat to the population performance of the endangered rhinos. Hence, immediate interventions to
check further degradation of habitat and keep the population growth at present rate (r= 5% is of
immense importance for long-term survival of rhinos in Chitwan. Since the changes observed in
my intensive study area are also observed in most rhino habitats of Nepal and India the results

and recommendations are applicable elsewhere as well.
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