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Executive Summary

1. Megaherbivores are regarded as the enpineer and dnver of ecosystem processes. They also
serve the role of umbrella and flagship specics for ccosystem conservation. Megaherbivores
have also been a source of fascination for humans and our relationships with them vary from
inspiration to fear and loathing. The world has witnessed a sharp decline of many
megaherbivores populations and their ranges contraction n the last 100 years. Certain &-
selected traits inherent to megaherbivores ie. large body size, long pestation and interbirth
mterval, single calf, and large home ranges in combimation with habitat loss and
environmental stochastic events make them more vulnerable to extinetion events. Due to these
reasons megaherbmvores, especially the rhinos, have received global attention since the recent
past and many populations have been recovered in spite of ever looming threat of poaching
for their horns. At present, we have only five species of rhinos in the world: of which three
species are confined to Asi and two species i the African continent. The greater one-hormed
rhinoceros (Rhinoceros umicornis) was abundant until 15" century along the Aoodplain
habitats of Ganges, Brahmapuira and Sindh nivers and their tnibutanes between Myanmar in
the east and Pakistan in the west. But due to rampant hunting and habitat frapmentations they
are now confined i small 1solated protected arcas in India and Nepal totaling not more than
2 850 individuals. Mepal has done a commendable endeavor to recover rhinos from the bnink
of extinction. since there were less than 100 rhinos left as a single population in Chitwan
durmg 1960s. At present. there are 534 rhinos in Nepal in three small subpopulations.
However, these rhinos are still threstened by poaching and habitat degradabon caused by
wmvasive Mikania micrantha {henceforth Mikamia), The current study investigates how the
nvasive Mikamia has affected the nutntion, ime activity budget. demography. and habitat use
of thinos in Chitwan National Park of Mepal with the aim of providing timely scientific inputs
for conservation management. The study also estimates population abundance. mortality
factors, and synthesizes this information by parsmeterizing a population habitat viability
analysis (PHVA) mm VORTEX using field data for advising conservation policy and
management. This is the first GPS radio-collar based comprehensive study on greater one-
homed rhinoceros.

2. This study was carried out in Chitwan Mational Park { CNP) that covers an area of 932 km’
of south central Nepal. CNP 15 one of the World Hentage Sites and 15 one of the global
prionty landscapes for tiger conservation. About 70% of the park 15 dominated by Sal forest
and the remaimnmg are tall grasslands and nverine forests. The park is drained by Narayani,



Rapt and Reu rivers. Chitwan has sub-tropical climate with three scasons: monseon {June —
September), cool dry (October — Jnavary) and hot dry (February — May). Temperature ranges
from £°C to 42°C in different seasons. Chitwan gets about 2,400 mm rainfall anmually 8094 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. Fifty percent of the park's income 15 channcled back to
the buffer zone communities for conservation and development so as 1o bring communities i

the mainstream of conservation.

3. With a high price for rhino horn in 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 count method. A svstematic
survey effort of 5,497 km was invested using 3.548 elephant hours n 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 photopraphic 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 Matonal Park. 24 in Bardia National Park and 7 i
Suklaphanta Wildlife Reserve. Rhine density was 1/km” in Chitwan, 0.28%km” in Bardia and
0.1/km” in Suklaphanta within rhino habitats. Chitwan had 66% adults, 12% subadults 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 Mepal. The SME design
developed from ID-based monitonng herein will provide the much needed statistical ngor o
population estimates of rhinos in Nepal and elsewhere.

4. Seasonal mutriional 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 foraging, average bite weight and bite rate data. Total fecal output
was also recorded during the continuous monitonng. 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 (Hc) was carried out for rhino
food plants and rhine dung. From this data totel seasonal nutnient 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, 10,740 in the cool dry scason and 10,151 bites in the
v



monsoon scason from different habitats. Average bite rate per mimute was 1337 =103 in the
monsoon, 11.98 +0.52 during the cool dry season and 11.50 + 0.33 durng the hot dry season.
The average dry weight of the bite was 3.32 + 0.22 g m the monsoon, 3.93 + 0.29 g in the
cool dry season and 3.02 + 0.25 g n the hot dry season. Annually, rhinos foraged 71% of the
time in grasslands and 292 in the nverine forests. Rhinos spent 3819 + 1.79% of the total
time for feeding in the monsoon, 4040 = 1.19% of time in the hot dry season, and 4021 +
2. 78% of ume dunng the cool dry scason. Fifty cight species of planis were found 1o be
utilized by rhinos at different scales but 14 species of plants contributed 85% dry matter to the
annual dict. Dunng hot drv season rhinos consumed 33 species of plants of which eight
specics contributed over 90% of the dict. Saccharmm spontanewm (34%), Imperata cvlindrica
{27%), Eragrosins tenella (9%). Cersivm wallichii (5.5%). Narenga porplivrocoma (5%),
Cynodon dactvlon (2%), Phragmites karka (3%), and Mikania micrantha (3%) were the main
food plants of the hot dry season. Total dry matter intake {DMI) 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 seasonm. However, ten species namely Saccharunr
spontanenm (22%), fmperata cvlindrica (14%), Saccharem bengalensis (6%), Eragrostis
tenella (9% ). Callicarpa macrophylla (11%), Phragmites karka (7%, Mikania micrantha
{5%)., Coffea bengalensis (3%), Litsea monopetala (4%) and Lomana camara (2%)
contributed over 80%; of the diet. Total DMI during cool dry season was 24.59 + 6.24 kg'day
and time spent feeding was 9.65 = 0.66 h'day. Forty three specics of plants were eaten duning
the monsoon secason. However, 9 species conmbuted £0% of the monscon diet. Sacolarm
spomtaneum  (25%), Erggrostri tenelle (23%), Sacchorum  bengalensis (4%), Imperata
cyvlindrica (8%), Brachiaria species (8%), Trewia nudiflora fruts (4%), Phragmites karka
{4%), Cynodon dachvion (3%) and Hemarthria compressa (3%) were the main food plants.
Total DMI was 24.66 + 4 88 kp/day and time spent feeding was 9.1 = 048 h. Annual average
defecation rate and total fecal output were 2.51 + 0.15 tmes and 7.03 = 09 Kg'day

respectively.

Scasonal chemical analysis of food plants revealed that CP m the diet varned from 4 to 17%,
NDF 30 to §5%. ADF 22 to 70% and calcium 0.13 to 4.8%. Average dry matter digestibality
{DMD) was 69% m the cool dry season. 72% in the hot dry season and 74% mn the monsoon
scason. Orzamc matier digestibility ranged between 70% and 75%, and CP digestihality
between 65% and 69% across the different seasons. Similarly, 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.
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The digestibility of different nutrient constituents was found to be quite consistent across
scasons. Based on time spent foraging. DML, DMD and nuirient digestibility it 15 concluded
that seasonal fluctuations in climate have minimal effects on the quality of food resources of

rhinos and seasonal effects on the nutmtional ecology of rinos were mimmal.

5. Understanding scasonal ime budget and activity patterns of endangered species is crucial
to develop conservation management plan and stratezy. Time budpet and activity of rhinos
were studied by continuously monitoring 8 radio-collared adult rhinos from the elephant back
for 11 days in cool dry season. 13 days in hot dry season and 17 days in monsoon sexson.

Annually, rhinos spent 3321 + 2.29% ume grazing, 6.4 + 0.19% tme browsing, 39.61

H

H

1.93% tme feeding. 841 = 1.56% tme walking, 1497 = 2.39% tme wallowmng, 3031
3.05% time resting, 4.93 = 1.42% tmme standing and 1.77 = 0.54% time in other activities.
Time spent grazing was 29.20 = 2.35% in cool dry scason, 38.54 = 1.37% in hot dry scason
and 31.88 + 3.13% m monsoon. Grazing did not differ sipnificantly across seasons (Fz 2. =
3.74, p = 0.063 ). Rhinos spent 11.02 + 0.68% of time in cool dry, 1.87 + 0.35% ime in hot
dry and 631 £ 1.70% tme during monsoon for the browsmng. Time spent browsing varied
significantly across seasons (F. .. — 18,43, p = <0.0001 ). Rhinos spent 40.21 = 2.79% of time
i cool dry season, 40041 = 1.20% of tme in hot dry scason and 38.19 = 1.79% of time duning
monsoon for feeding. Feeding activity did not differ across seasons (F, ..— 034, p = 0.T187).
Time spent resting was 40,44 + 1 84% for cool dry season, 25.26 + 4.80% for hot dry scason
and 25.23 = 2.51% for monsoon. The tme spent resting was significant across seasons (F. ..
=2 25, p—0.0287). Time spent wallowing was 2.65 £ 0.97% during cool dry scason, 20,62 +
3.62% in hot dryv season and 21.64 + 2.58% n monsoon. Time spent wallowing was
stutistically sigmificant across seasons (F, ,, = 2768, p = <0.0001 ). Rhinos exhibited bimodal
pattern of grozing in all seasons which was most probably to avoid the heat stress of the day
time. Browsing did not have any diel pattern. Rhinos were found resting mosily in the late
morming to afternoon in all scasons and were more active durmg might time. Similarly,
wallowing was highest during sfternoon time than other period of a day. Walking, vigilance
and other activitics did not have any patterns. As predicted. 7% increment in the feeding time
budget was found compared to previous studies which may be attnibuted to lost opportunity of
raiding farm crops after the installation of power fence on the park border and habitat
degradation by Mikania invasion.

6. Understanding the impact of Mikania on rhinos requires quantitative assessment of habitat
use and preference. Data from 8 GPS radio-collared adult rhinos were analvzed to deduce
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home range. habitat use and daily movement patterns. A total of 8491 GPS locations were
used for home range amalysis. Asympiotes of home range area vs location fixes showed
sample adequacy for rhinos (=90 locations). Mon-paramctric home range cstimators: (a)
Mimmum Convex Polygon (95% and 30% MCPs) and (b) Fixed Kernel comtour (95% and
%#5%) with the reference bandwidth as a fixed proportion of 0.60 in Home Range Tools
extension of AroGIS were used to gquantify annual and scasonal core areas and range use by
rhinos. Habitat map was prepared by using the satellite images (RapidEye, Germany) with
ground verifications using ArcGlS. Habitat preference was vestigated at three levels by
using compositional analysis: a) Selection of home range within study arca, b) Selection of
core arca within home range, and ¢} Sclection of foraging paths within home range. Average
annual 95% Kernel home ranpe was 20054 + 6.06 km™ for male and 1058 + 1.34 km™ for
female. The female home range during cool dry season was 10.06 = 1.48 km®. 908 = 1.25
km” in hot dry season and 9.81 + 1.1% km” in the monsoon. The male home range was 16.52 =
4.02 km® for cool dry season, 17.760 + 4.94 km” for hot dry season and 1863 = 4.53 km® for
monsoon. There was a sigmficant difference between male and female home ranges (F, .o =
21.21, p = 0.001). There was 47% overlap of home ranges between two males and minimum
of three female's home ranges overlapped wath the home range of a male. Home range overlap
among females was over 60%. This fact sugpests that the greater one-homed rhinos were not
territorial. In average, male and female rhinos travelled 6.45 = 0.73 km and 4.06 + 0.24 km in
a day. Distance moved by males in o day was significantly higher than females (F, ., =
28.34, p = 0.0001 ). There was a greater movement i night than in day for both sexes (F, 5, =
6.53, p = 0.019). But the movement did not differ with scasons for both sexes (Fx o = 1.39. p
—0.258),

The order of annual habitat preference (3 s an = 1863, p <0.001) at study area level was
niverine forest = short grassland = tall grassland = wooded prassland = niver and nver bed =
Sal forest = built-up area. Habitat preference order for cool dry season (3 & an = 16.543, p
<0.001 j was riverine forest = short grassland > tall prassland > wooded grassland = niver and
niverbed = built-up area > Sal forest. The preference onder for hot dry season (17 2 an = 24.29,
p <0.001) was tall grassland > short prassland > rivenne forest > wooded prassland > rver
and riverbed = built-up area > Sal forest. During monsoon the preference (3 . 4 = 15154, p
=0.05) order was tall grassland = nverine forest > shon grassland > mver and riverbed =
wooded prassland > buili-up area > Sal forest This varsbion in the seasonal habitat
preference was comrelated with the distribution and availability of food plant resources and

wallows,
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There was three to six folds increment in home range sizes of Chitwan rhinos compared to
previous studies which may be atinbuted 1o habitat degradation due to inwvasive MWikania
micrantha and plant succession, and a significant low rluno population density than past.

7. Demographic parameters of rhinos were deduced by miensively momtoring 53 adulis (= 7
year), 23 juveniles and subadults (1 - 7 year) and 12 young calves (< 1year) using telemetry
and individual rhino 1D profiles in the Sauraha subpopulation of Chitwan Record of births
and deaths among intensively monitored subpopulation was used v compute survival and
mortality in the program MARK under known fate model. Smularly, long-term data on
mortality (1998 - 2012) and population estimates (1966 - 201 1) available from the published
literature and rescarch station at Chitwan were used to mfer the causcs of mortalty and trends
m population growth. Annual survival rate for voung calf was 0.69 + 0.14, while it was 0.98
+ 0.01 for juvenile and subadults and 0.977 = 0,01 for adults. Span survival for subadults and
adults was 0.91 + 0.03 and 0.52 = 0.03 respectively. Mean age of first calving was 08.06 +
0.31 year (n— 8). Average interbirth interval was 44.2 = 3.64 months (n = 11) and was higher
{49.66 + 2.14 months) when calf of previous htter survived to independence. There was no
seasonality for the birth (N = 44, 3 = 2, df =2, p = 0.367) and bith was found distributed
across all months, Between 1966 and 2000 the Chitwan populatton increased at an anmual
realized rate (r) of 0.05 (p = 0.06, B = 0.94). Subsequent five vears registered a decline (r = -
0.076) due to poaching; thereafter the population has again mcreased with simular r. A total of
365 rhino moralities were registered between 1998 and 2012 m Chitwan. Of these, 48% were
male, 35% female and 17%0 unscxed. Poaching was the main causes of rhino mortality in
Chitwan {47%) and other causes were old age (22%). natural calamities (7%), tger predation
{5%), trampling by adult rhinos (4%:). discase (2%} and unidentified (6%5) causes. High
morality of calves (=1 year) was recorded inintensively monstored subpopulanon which may
be attnbuted to mereased tiger number and increased male proportion m the population
compared to past. The density of rhinos in the heavily Mikania invaded habitats was found
decreased compared to past. Mikania invasion in the rhino habitat has negative effect on the
demographic parameters of rhinos and the first cffect was mamifested as decreased local
population density in highly invaded sites. Therefore, long-term montonng of demographic
parameters would provide an opporiunity to understand further the effects of invasive species
on rhino demography.

%, Invasive species are the second greatest agent of species endangerment and extinction afier

habatat destruction in the modern world.  Invasive species have also posed serious impacts on



ccosystem functioning and ecosvstemn services provissoning. Mikania micrantha 15 a muli-
branched scrambling highly invasive perennial vine belonging to family Asteraceac and is
native to Central and South America. This weed has been acaidently introduced m CNP since
2000 and posing threats to rhinos and native biodiversity. However, there have been very
limited studies across globe on impacts of invasive plant species on native fauna. Therefore,
to understand how the rhinos have been affected by the invasive Mikania i Chitwan 8 adult
rhinos were radio-collared and intensively montiored. Fine Mikania disimbution map was
prepared on ArcGIS by using intensive ground survey data (N = 2,696 plots in 63 km® area).
Daily trocks of rhinos during peak foraging hours were buffered (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 foragimg peaks. Data
generated from clipped quadrates (N = 50) within the vegetation grazing exclosures {n = 10}
were used to estimate species richness and biomass production 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 kevel of invasion (<20%4), 23% had intermediate level of invasion (20 -
407%) and 7% of the habitat had severe invasion {=40%) of Mikania. There was a negative
effect of Mikania especially on grasses, herbs, shrubs and small trees. Simple lincar
regression equation depicted that with the increment in the percentage cover of Mikamia, the
biomass {Native biomass (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) * %% Mikamia cover; R* = 0.8%, 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) Annual preference (¥, & = 11527, P < 0.0001) was 10 - 20% > 20 -
30% = 1 - 10% > 0% > 40 - 50% > ahove 50%. i) The cool dry season preference (350 an =
6455, P < 00001 ) was 10 - 20% = 20 - 300 = 30 - 40% > | - 10% > 0% = above 50% = 40 —
50%4. i) The hot dry scason preference (3 on = 67.39. P < 0.0001) was 10 - 20% > 1 - 10%
= 20 -30% > 0% > 30 - 40% > sbove 50%. 1v) The order of preference for the monsoon
SCASON Was SAmeE (F je 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 nvasion
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 carmed out to dentify and priontze
threats faced by Chitwan rhinos and to evaluate the likelihood that 1t will persist for next 100
years, Life history parameters were obtained either from current study or published Inerature.
Based on the ground information 12 different scenarios were built in VORTEX 999, These
scenarios consisted of 1) reduction in carryving capacity for rhinos due to Mikenia invasion, ii)
micreased in poaching as observed during perods of political unrest. and 1) effect of severe
floods along with various combmations of the above. Each scenario was run 1,000 times 1o
evaliate extinction probability. Sensitivity of the models to cnitical life history parameters like
calf mortality, female or male biased morality and age of first reproduction were determined
by runming simulations at different values of these parameters. Loss of carryving capacity even
up to 50% by Mikania was by itself not likely to cause extinctions. But when combined with
poaching it had a synergistic effect, and under reduced carrying capacity even mederate
poaching pressure of 8 - 12 rhinos per vear caused extinctions, Catastrophe in the form of
floods every 25 years had isignificant effect on rhino populations but in combination with
Mikania end poaching reduced persistence probabilitics. The model clearly depicted poaching
above 10 rhinos per year was a significant cause of concern and in combmation with Wikanic

had disastrous impact on rhunes of Chitwan.
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Histonc and present distnbutions of greater one-homed rhinoceros {as at 31
December 2005 ).

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

Averapge monthly rinfall in Chitwan between 1980 and 2009. Bars ane
standard errors. (Data source: Department of Metrology and Hydrology,
Groy 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 estmating the population of greater
one-homed rhinoceros ( Bhinoceros wnicornis) in Nepal. These sites are the
only known arcas where rhinos occur in Nepal.

Rhino (Rhinoceros wricornis) distribution and density (thines%m®) gradient
1 Chitwan in 201 | as determined by clephant-back block counts. The inset
figure shows track plots of elephant-back survey lines within part of block 6
of Chitwan National Park, Nepal.

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

Rhino (Rhinoceros wnicornis) distribution in Suklephanta Wildlife Reserve,
Nepal.

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

Scasonal and anmual percentage time spent feeding 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 Mational Park. Ermror bars are standard errors.

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

Seasonal vanation in CP in nine major food plants of rhinos. Sasap,
Saccharim spontanenm; Imcy. Imperata cvlindrica; Erte, Eragrosiris
teneila; Napo, Narenga porpinvrocoma; Sabe, Secclarim hergalensis;
Lima, Litseq monapetala; Cama, Callicarpa macrophvila; Phka, Phragmites
karka and Mimi, Mikawia micrantha.

Scasonal variation in OM in major food plants of rhinos. Sosap, Saccharum
sponianenm; Imcy, Imperata cvlindrica; Erte, Eragrostris tenella; Napo,
Narenga porphyrecoma; Sabe. Saccharum bengalensis; Limo, Litsea
monopetala; Cama, Callicarpa macrophyila; Phko, Phragmites karka and
Mima, Mikania 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,
hemicelluboses; Ce, Cellulose;  DMD, dry matter digestibality: TPD, true
protein digestibility.
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Figure 5.1

Figure 5.2

Scasonal and anmual percentage time spent i different behavioural activitics
by greater one-homed rhinocercs a5 determuined by 41 days continuous
momtoring of radio-collared 8 individueals in Chitwan National Park. Nepal.
Error bars are standard emors. Feeding is the combination of grazing and
browsing.

Time spent grazing by rhinos m Chitwan depicted by season. * Significant at
p = 0.05 (Tukey-Kramer Multiple-Comparison Test).

Time mvestment by rhinos on browsing depicted by scason. * Sigmficantly
different at p < 0.05 (Tukey-Kramer Multiple-Companson Test).

Time mwvestment by rhinos on feeding depicted by season. * Significantly
different at p = 0.05 (Tukey-Eramer Multiple-Companson Test).

Time mvestment by rhinos on resting depicted by scason. ® Significantly
different at p = 0.05 (Tukey-Kramer Multiple-Comparison Test).

Time mvestment by rhinos on wallowing depicted by season. Cool drvis
chifferent with hot and monsoon; Hot dry and monsoon were not differem. *
Sigmfcantly different at p < 0.05 {Tukey-Kramer Multiple-Companson
Testh

Time mvestment by rhinos on walking depicted by season. ® Sigpnificantly
different at p = 0.05 (Tukey-Eramer Multiple-Companson Test).

Time ivestment by rhinos on standing ‘vigilance depicted by scason. *
Sigmfcantly different at p < 0.05 { Tukey-Kramer Multiple-Companson
Testh

Time investment by rhinos on other activines depacted by season. *
Significantly different at p = 0.05 (Tukey-Kramer Multiple-Comparson
Test)

Scasonal diel patterns of grazing by greater one-hormed rhinoceros {n = &) in
Chitwan National Park. Bars are standard errors.

Seasonal diel patterns of browsing by greater one-horned rhinoceros (n = 8) in
Chitwan Mational Park. Bars are standard errors.

Scasonal dicl pattern of feeding by greater one-homed rhinoceros {n = &) m
Chitwan Mational Park. Bars are standard errors.

Seasonal diel pattern of resting by preater one-homed rhinoceros (n = 8} in
Chatwan Mational Park. Bars anc standard errors.

Scasonal dicl pattern of wallowing by greater one-homed rhinoceros (n = 8)
in Chtwan National Park Bars are standard errors.

Seasonal diel pattern of walking by greater one-homed fhinocerss in = E) in
Chatwan Mational Park. Bars anc standard ermors.

Scasonal dicl pattern of standing by greater one hormed rhinoceros in = §) in
Chitwan Mational Park. Bars are standard errors.

Seasonal diel pattern of other activities by greater one-horned rhinoceros (n =
#) in Chitwan Mational Park. Bars are standard errors.

Companson of scasonal and annual percentage time spent feeding by rhinos
n defferent years,

a} A snap of capluring and rdio-collarng of thino; b) researcher, on the
clephant back, downloading GPS locations from the GPS collars that have
been fitted to the runos; ¢) Rapti river and foodplain tall grassiands
domanated by Saccharim spontamenm (white flowenng) of Chatwan during
monsoon season. It is the principal kabitat of rhinos in Chatwan.

Plot of 95% MCP home ranges of rhinos versus mumber of radio locations to
determine adequacy of somple size in Chibwan MNational Park.
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Map of intensive study arca showing habitat types and radio locations of
collared rthinos {n = 8). The map inset shows the location of the study ares
within Chitwan Mational Park.

Anmual 95% Kemel home range of aight radio-collared rhinos supenmposed
on the habitat map of inensive study area.

Radio locations and annual 95% MCP home ranges of 8 collared rhinos.

MCP homie ranges overlap among radio-collared males and females rhinos in
Chatwan.

Plot of average home range area versus incremental fixed kernel isopleths 1o
determine the point of inflection that defines the core arca contour of the
fixed kemel home range obtained from different rhinos. Error bars are
standard crrors.

Habaist map of mtensive study arca showing different vegetation
communitics. The map insct shows the location of Sauraha {intensive study
area) within Chitwan Nattonal Park.

Ivlev's index of overall habitat preference by radio-collared greater one-
horned rhinoceros in study area

Ivlev's index of anmual and seasonal core area habitat preferences by radio-
collared rhinos within 5% Kernel home ranges in Clutwan National Park.

Ivlev's index showang snnual and seasonal habitat preferences of radio-
collared rhinos during peak foraging hours within 95% kemel home mnges in
Chatwan National Park.

Averape bourly distance moved by male rhinos dunng cool dry season. Emmor
bars are SE.

Average hourly distance moved by male rhinos dunng hot dry scason. Error
bars are SE.

Average hourly movement rate of female rhinos dunng monsoon with
standard ernors.

Average hourly movement rate of female fhunos during hot dry scason with
standard errors.

Average hourly movement raie of female rhinos dunng cool dry season with
standard ernors.

Rhinos can be identified with certmmaty by body and horn features: for
example a) car cut and features of horn, b) upper lip ot and homn features.
Sumlarly, other body featwres help to identify rhimos.

A complete sighting form filled in by wildlife technicians in the field. The
field teams take photos and fill in saghting forms that are submatted to central
database management team for data entry in the rhine SightingBase computer
program. Individual rhinos are identified’'confirmed by photos and then
entered into the database system.

A sereen shot of SightingBase software and rhino database management
system showing 1D database of thinos in Chitwan.

Monthly pattern of calving by rhuno in Chrvwan Mational Park as recorded (n
= 44} between 2008 and 2012

Rhano | Rkinoceros umicornis) population trend in Chitwan and Nepal
between 1950 and 2011.

Causes of thino {Riinoceros unicorniz) mortality (N = 365) in Chitwan,
based on field records and as depicied in post-mortem reports (1998 -2012).
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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

Figure 7.8

Figure 7.9

Figure 7.10

Figure 8.1
Figure 8.2

Figure 8.3.

Figure 8.4,

Mortality trends of rhinos (Rhinoceras wnicovnis) caused by poaching and
natural death in Chitwan between 1998 and 2012 Mortalities other than
poaching are presented as natural death in this figure.

A herbivore proof grazing exclosure set up in burnt tall grassland of Chitwan
National Park to study the effects of Mikania on biomass production and plant
biomass off-take by ungulates.

Distribution of Mikania in the intensive study area. The map shows different
categorics of Mikania invasion with 10% inarements and points sampled for
Mikemia.

A scatter plot of mative plant species cover versus % Mikania cover. The
regression shows a sipnificant declining trend in ative species coverage as
Mikaniz cover increases.

A scatter plot of mative plant specics biomass versus %e Mikania cover, The
regression shows a sipmificant decliming trend in native species biomass as
Mikami@ cover increases.

Box and whisker plot of a) native forage species cover and b) native forage
biomass of rhincs plotted for vanous % cover values of Mikaria in tall

grassland habitat of Chitwan Mational Park, Nepal.

The box and whisker plol depicting number of species with level of Mikania
invaskon in the habitat.

Box and whisker plot of a) above ground bomass of Saccharum spoantaneum
and b} Eragrostris fenella both preferred grass species of rhinos plotted for
vanous % cover values of Mikania in tall grassland habitat of Chitwan
National Park, Mepal.

Some peak foraging routes of rhines in different scasons overlaid on the
Mikanig distnbuteon map.

Radio-collared female rhino and calf m Mikariz ivaded Saccharm
spontanemn and Saccharum bengalensis dominated tall grassland. In the
picture, Mikania has killed the native forage specics substanually (=80%4) in
the invaded site while the non-invaded site (background) still has very good
native forage in flowenng siage.

Map showing pnority arcas {short and tall grasslands invaded by Mikania) to
rhinos for  imitiating Mikawmia control and management progrums so as to
secure preferred foraging grounds.

Steps and components of PHY A adopted from Akgakaya et al, (1999).
Long-term {100 years) extinction probability of Chitwan rthino population
under the scenano | {12 poaching/vear, 30% carring capacity boss in 25
wears and 5% population loss once every 25 vears) and scemano 2 (16
poaching ' year, 50 carrving capacity loss in 25 vears and 5% population loss
once every 25 vears by flood catastrophe) in VORTEX.

Long-term { 100 vears) extinction probability of Chitwan rhino population
under the scenano 3 {8 poaching year, carmying capacity decline 50% in 25
vears and 5% population loss once m 25 vears) and scenario 4 (8 rhinos
poached/vear, 50% carrying capacity decline in 25 years and no catastrophes )
m VORTEX.

Long-term { 100 years) extinction probability of Chitwan rhino population
under the scenano 5 {12 rhunos poached vears and no camrying capacity
decline and no catastrophes) and scenanio 6 {no poaching, no camying
capacity loss and no catastrophes) i 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, 50% carrving 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 {100 years) extinction probability of Chitwan rthino population
under the scenano @ (no poaching, no carrving capacity decline but 5%
population foss by flood once 1n every 25 years) and scenaro 10 (6 poaching,
50 carrying capacity decline in 50 wears, 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 | 112 poaching/ year, 507 carrving capacity dechine in 25
years, 5% population loss once every 25 vears by flood, calf mortality 10%
wnstead of 304, age of first calving 8) and scenanol 2 {as of scenano 11 but
first age of calving 7) 1n VORTEX.
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Population status and structure of thines (Rhimoceros wricernis) in Nepal in
April 2011,

Block size, rhino (Riiroceros wmicornis) number, density and encounter rate
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CHAPTER 1

Introduction

Megaherbivores are always fascinating!



Introduction

Evolution of rhinos

"The Superfamuly Rhinocerotidae 15 the largest and most ecologically diverse group of the
perissodactyls, which includes the amynodonts {(hippo-like or tapir-like aguatic forms), the
hyracodonts (the dog-s1zed cursorial forms, and pizantc forms which browsed tree tops), and
the true rhinoceroses of the family rhinocerotidae. All three groups diverged in the later
cocene from a form hke Hvachyus, and spread over the northern hemisphere. Both the
amynodonts and hyracodonts were reduced to & few surviving penera by the early Oligocene
but the rhinocerotidae began to diversify. Most early rhines were homless, but the first hormed
rhinos had pared homs on the tip of their noses, a feature that evolved independently in two
different groups, the Diceratheriinae and Menoceratinae, By the late Olgocene, rhinos began
to diverge into the major subfamilics and tnbes that dominated the northern henusphere and
Africa durng the Miocene: the hippo-bke grazing single homed Teleoceratinae, the
prehensile-leaped browsing hornless Aceratherunae, and the Rhinocerotinae, which includes
all the five living species. These first two groups were almost completely wiped out by the
extinctions at the end of Micocene, leaving North Amenca without rhinos, and cenain
rhinocerstines surviving in Eurasia and Africa. Dunng the Phio-Pleistocene in Eurasia, the
dominant rhunos were several species of large denved Dicerorhinus, and wide ranging wooly
rhino. Iranotheres and giant frontal-horned elasmotheres were also present, but all of these
groups were extinct by the end of Plesstocene. Today, only two genera of dicerotine rhinos
survive i Africa, and three species of rlanos survive Im Asia. Greater one-homed rhino
{Rhinoceros  wnicornis), Javan rthino (Rhimoceros sondaicns) and  Sumatran  rhino
{Dicerorhinus sumatrensis) are three Asian rhane species and Black rhino (Diceros bicomis)
and White rhimo (Ceratotherium simum) are two Afncan rhino species. All five of these
species are heavily poached and are on the brink of extinction, a sad remnant of one of the
most diverse and successful groups of mammals in the entire Cenozoic' (Prothereo er al.
198 ).



Status and distribution

Dunng fificenth century, the greater one-homed rhinoceros (hereafier referred to as rhino)
were abundant throughout the floodplams of the Ganges, Brahmaputra and Sindh rivers and
their large tributaries between Myanmar in the east and Pakistan in the west {Blanford 1891,
Laurie 1978, Dmerstemn 2003) (Figure 1.1). Rhinos are now restricted to small isolated
protected aress in India and Nepal totalling not more than 2,850 ( Talukdar 2010). In India, the
majority are in Assam (Kaziranga, Pobitora, and Manas National Parks and Orang Wildlife
Sanctuary), but also in West Bengal (Jaldapara and Gorumara Wildhife Sanctuanes) and a few
in Uttar Pradesh (Dudwa Natonal Park and Katernmghat Wildlife Sanctuary). In Nepal,
rhinos occur mainly i Chitwan National Park but have also been remtroduced to Bardia
Mational Park and Suklaphanta Wildlife Reserve (Jnawali 1995, Dinerstein 2003, DNPWC
2009,

Greater One-Horned Rhino
Historic & Present Distributions
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Figure |.]1. Histonc and present distibutions of greater one-horned rhinoceros (as at 31 December
2005)

The rhino population in Nepal suffered a catastrophic decline during the 1960°s to less than
100. This was due to loss of habitat and poaching that resulted from conversion of Term
grasslands and forests o agnculiure subsequent to a malaria eradication and resettlement

programme launched by the Government of Nepal { Lauric 1978, Dinerstein 2003 ). Thousands
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of hectares of land were cleared to resettle hill dwellers in the Teral. During 19605 over 70%
of the forests were cleared alone in Chitwan valley (Dinerstemn 2003, Caughley 196%). After
the establishment of Chitwan National 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 MNepal (DNPWC 2005). However, the population has been reported to have
been gradually mcreasing since 2006,

Origin of the study

Mikania micrantha (hercafter Mikania ), known as nube a minute, was first reported from the
district of llam in 19263 by a Japanese team and scientifically reported later in 1966 in Nepal
{Trwari et af. 2005). The weed is suspected to have been introduced accidentally in Nepal via
the tea gardens of Assam (MNorth cast India) with the tea saplings (Srwakon 2007). At present,
the weed has serously 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 m Nepal. The first national stakeholder workshop on Mikania weed
invasion in Nepal was orgamzed in November 2004 and various mstitutions were made aware
of the problem of invasive weeds in Nepal (Poudel ef all 2005). After that a very superficial
national inventory of invasive alien plant species (LAPS) was done by IUCN Nepal (Tiwan &
al. 2005). Srwakoti {2007y has bnefly reported the challenges and community based control
practices done in Koshi Tappu wildlife Reserve of Nepal. In Chitwan, Mikamia was first
reported o 1998 in the western comer near the “Tiger Tops® arca (5. R. Inawal, pers.
Comm.). Within a shor time period. Mikania nvaded grasslands and nverine forests and
considerable 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 habitals were found o have been severely invaded;
overall it was present mn 44%: of the rhino habitats { DNPWC 2009). Since Mikania was killing
most of the rhino's food plant species (Sapkota 2007) 1t was suspected that the weed must
have some impact on the rhino population performance and on other aspects of rhino ccology.
The Depariment of Natonal Parks and Wildhife Conservation together with rhino biologists
advocated for an immediate study on the level of impact posed by Mikanio on native plants
and wildhfe species including rhinos and explore possible control methods (DNPWC 2009)



which opened the door for this study. Intensive studies on aspects of rhino ecology were
conducted in Chitwan during the 1980s and 1990s (Lauric 1978 and 1982, Dinerstein and
Price 1991, Dinerstein and Wemmer 1988, Dinerstein 1989 and 1992, Jnoweli 1989 and
1995). However, 1 15 important to understand how the ecology of an endangered species
changes with respect to environmental change. Also. a detailed understanding of rhino
nutrittonal ecology was lacking m the previous studies. This paved the way for the current
study design wherein efforts have been made to explore the effects of Mikamia on nuiritional
ccology, habitat wse and demography of rhinos in Chitwen National Park and ulimately

produce scientific inputs for the conservation and management of this species in the wild.

Frevious studles on greater one-horned rhinoceros

Rhinos are s charismatic species and therefore have zot considersble national and
international attention in term of scientific study and conservation investment. As a result, it
has been studied well in the wild as well as in the captivity. Some of the mportant studics are

reviewed 1n this sechion.
Im situ studies

Various hunters, maturalisis and tea-garden manapers have written about the Indian rhino m
the wild (Laune 1978). Some recemt hunts were descnbed by Smythies (1942) in Nepal.
"Maners-Smith {1909 described the distribution and abundance of the rhino in Nepal and
Bihar. Bengt Berg (1932). a Swedish photographer visited Jaldapara sanctuary in West
Bengal and collected some interesting information on movement patterns and feeding habits
of rhing' {Cited in Laurie 1978). EP. Gee (1953a, 1953h, 1959 and 1963 ) made observations
on the rhino of Assam and Nepal, and summarized therr distribution, ccology and behaviour
{Cited in Laurie 1978).

However, the first prolonged detatled scientific study on ecology and behaviour of the greater
one-horned rhinoceros in the wild was conducted by Laurie {1978) in Chitwan Natwonal Park
between 1972 and 1976, The study methodology was based on direct observations made from
towers (“machan '), on [oot and from elephant back. He estimated a population size of 270 -
310 indiduals, based on photographic identification of individuals, with population densities
in the favoured flood plain habitats of up © 5.85 rhinos per kn®. There were 32.3% adult
females, 19.9% adult males, 21.2% sub-adults and 26.6% calves. Similarly, 183 species of

plants representing 37 families were found to be consumed by rhino; 50 specics of grasses
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contributed over 80% of the rhino dict. Ten different vocalizations were identified. Poaching,
habitat encroachment, livestock grazing. floods and invasive species invasion on habitat were
iwdentificd as major threats to the thinos.  Detmls of the findings are available in Laune (1978,
1982) and Laure ef al. {1983 ).

The Smuthsonian Institution. USA, funded the Nepal Teran Ecology Project based at Chitwan
and carmed out vanious ecological researches on rhinos and tall grasslands under which Eric
Dinerstein was the principal researcher between 1984 and 1988,

Dinerstein and Wemmer { 1988) studied the interaction between rhino and Trewia nudiffora.
The study revealed a poor germination of uningested fruits compared to ingested fruits and
rapid growth of Trewia in the rhino dung piles and demonstrated a direct comelation of rhino
and seed dispersal and recruitment of Trewia in the riverine forests. Further to this study,
Dnnerstein (1989) experimented whether the feeding behaviour of large ungulates (rhino,
Indian bison, spotted deer. sambar, hog deer and barking deer) supporis the foliage-as-frui
hypothesis or not. The fohage-as-frunt hypothesis argues that some plants may promote
herbivory by large ungulates st the time of seed as a way of achieving seed dispersal.
Dhnerstein {1989 ) concludes that there are no obvious examples supporting the foliage-as-frui
hypothesis. Rather anmual floods and fires create sufficient micro-sites for the propagation of
annual plants and under such disturbance regimes megafauna-mediated dispersal as descnbed
by the foliage-as-frunt hypothesis 15 not apparent. The mega-herbivores are responsible. to
some exteni, in struchuring their habitats. Rhinos also do extensive damage to certain plant
specics while grazing and browsing. Dhnerstein ( 1992) found that the browsmg and trampling
by rhinos inhibit vertical growth of Litcea monopeiala. a preferred browse species, and hence

rhinos can have access to new sprouts throughout the year.

For the ecological study and reintroduction to other parks more than 40 rhinos were
tranquilized i Chitwan dunng 1984 to 1991, This exercise gave a good opportunity for
scientists to develop a protocol in immobilizing rhines in the wild. The capture, chemical
immobilization, and radio-collar life for greater one homed rhinos is available on Dinersiein
et al (1990). Smce the Chitwan rhinos had recovered from a small population during 19605,
genetic bottleneck and inbreeding depressions could be expected. To understand genetic
status Dincrstemn and McCracken (1990) carned out a genetic analysis of Chitwan rhinos
{9.9% of the total population) and found a very high heterozyvgosity, Similarly, genetic
variations between the subpopulations of Assam and Nepal are available in Zschokke er al.
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{2011} The microsatellite analysis demonstrated a strong genctic differentiation between the
Assam and Mepal populations and the occurrence of bottleneck in the Assam population
before the reporied bottlencck im 1908, Simularly, the Mepal population was a recent
colomzation. The extent of penetic divergence between the two populations sugpgests the need

for separate conservatlion programs.

Dinerstein (1991) explains the sexual dimorphism that can be observed in wild rhinos. The
study found that adult males and females differed significantly only in a few mensuarl
characteristics. The males had well developed neck folds and longer incisors than females.
There was less sexual dimorphism in the wild compared to captivity.

After Laune's study, detmiled studies on demography snd habatat use by Chitwan rhanos was
conducted between 1984 and 1988 by Dinerstein and Price (1991 ). They found the observed
rate of population increase to be (r) 4.8% and the total estimated population to be 358 — 376,
The mean annual mertality within the calf, subadull and aduli catepories was estimated to be
2.8, 22 and 2.9% respectively. The maximum density of rhinos was 13.3/&n’ in the
Saccharum spontanenm dommnated prasslands and nverine forests which were the most
preferred habitats. Anmual monsoon floods were found to be the agents for mamtainmg prime
graring habitats and high populaton densities.

Enc Dinerstein has probably made the greatest contribution to our current understanding of
rhino ecology. After towo decades long sciemtific involvement in rhino conservation i Asia,
particularly in Nepal, Dinerstein {2003) published a comprehensive book: The Retwrn of the
Unicornis m which the author has discussed the natural history, ecology, behaviour, habatat
use in the contexi of changing landscapes, case studies of some habitat restorations and rhino
recovery in Mepal. He also focused on how the mvolvement of local communities in
conservation mainstream can help the recovery, large landscape restoration, and build a local
stewardship for conservation of endangered mega fauna.

With the increasing number of thino population i Chitwan valley compounded wath human
population increment and with habitat conversion outside the national park the level of human
rhino conflict increased considerably. Highest economic loss {27 .6%) was for nee and it was
more mtense within 300m peniphery of the park. Similarly there was a considerably high level
of human harassments ( Jnawali 1989)



Inawali { 1995) assessed the microhistological techniques for determiming the diet of rhinos.
The technique was found effective as over 90% of the plant species could be identified. The
study has also compared the scasonal habitat use, ranging behaviour and food habits of donor
and translocated rhinos in Chitwan and Bardia. Similarly. performance of translocated rhinos
in Bardia MNational Park has also been discussed. Details of the findings are available in
Inawali and Wegge (1993) and Jnawali (1995),

Steinhem el al. (2005) studied dry season diet and habitat use by rhinos and elephants in
Babai valley of Bardia National Park. They found 37.5% dict overlap of both species and
argued that during the eritical period of the year ie. dry season, competition would merease
with the increasing number of both sympatric herbivores. The tall grass floodplain habitat and
its important forage grass Saccharum spomianewm may then become the critical resources.
Ultimately rhinos will be weak competitors as clephants are adapted on Sal forest and other
habitats too. Pradhan et ol (2008) stodied comparative feeding ecology of low density but
increasing sympatric populations of rhinos and elephant at Karnali {loodplain of Bardia
Matonal Park and found similar resulis as explamed by Stembem ef al. (2005) but having

more dict overlap during monsoon season.

Rothlev er al. (2004} carmed out population model analvsis for Chitwan rhinos based on the
available secondary data, They found very strong negative impact of poaching whereas the
population was below the carrving capacity and thercfore urged for strong antipoaching
efforts for the persistence of Chitwan rhinos. Poudyal ef al. (2009) carmed out ecological and
cconomic analysis of poaching of rhinos in Nepal. They suggested that only the strict law
enforcement will not be sustainable model for rhino conservation and therefore urped for the
antipoaching polcics supplemented with the policies that provide greater economic incentives

to the local communities for the successful rhino conservation i the long run.

Kandel and Jhala (2008) studied the demographic structure, activity patterns, habitat use and
food habits of rhino during dry season at Chitwan in which adult and calf ratio was found
more skewed towards adults compared 1o previcus studies,

A rluno population count has been carmied out at 3 to 5 vears intervals in Nepal since 1994,
The population status, structure and distribution for different years are available 1n Yonjon
{1994}, DNPWC (2000, 2005, 2009 and 2011b) for Nepal. However, the validation of the
count method has yet to be done.



Studies in ex site condition

Few studies have been carmed out in captivity about the nutritional ecology of rhinos.

However., there are no studies on nutribional ecology in the wald.

Clauss ef al. (2005a) studied the digestive physiology and feed digestibilities in captive
rhinos. Dry matter imake ranged between 0.8 and 1.3% of the body weaght on roughage and
concentrates diet while it was 0.5 — 1 2% of body weight on the roughapge only. Digestibality
cocfficients ranged from 35 - 58% on roughage and concentrates diet while on the roughape
only dry matter digestibility was 57 - 61%. Rhinos were found having highest ingesta
retention time among the monogastric ungulates. Digestibilties were found comparable with

the horse n spite of enormous differences in body weight and retention time.

Bemign uterus tumours and chrome foot lesions in rhines mm captivity are often related with
obesity. Clauss er al (2005b) suggests for control of zoo ratons by ration calculation that

includes mineral level to ensure the amimals are receiving adequate mineral mitntion.

Zschokke ef al (2011) studied inbreeding. outbreeding, infant growth and size dimorphism i
captive rhinos. Inbreeding did not have effects on gestation period and birth mass but the
growth rate and mortality was low compared to outbred rhinos. Outbred individuals { offspring
of Kazirangn and Chitwan populations) had the highest infant mortality. They argued that the
two populations were genetically partially mecompatible. Sexual dimorphism was significant
m height and weight and sugpested that the sexual dimorphism in adulis 15 the result of o
longer growth penod n males rather than a difference in growth rate between sexes.

Study Area
Location

The study was carmed out in the Chitwan Mational Park (84" 200 E and 27° 30¢ N) which is
located at south-central lowland of Nepal {Figure 1 2). The park was established in 1973, as a
first national park of the country that covers an arca of 932 km” of Chitwan, Nawalparasi,
Makawanpur ond Parsa districts. To enhance the conservation of the core area an addibional
750 km” area including settlements around the park was declared as a buffer zone in 1996,
The park s contiguous with Barandabhar forest comidor (ca.170 km) that connects Chitwan
valley with the lesser Himalaya Mahabharat mountains in the north, Parsa Wildlife Reserve
{499 km’) in the cast and Balmiki Tiger Reserve (800 km®) of India in the south and thus
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forms a greater landscape of over 2,500 km®. The landscape has been identified as one of the
prommusing 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
1ts outstanding biological sipnificance. 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 boundary and Someshor hills,
Reu River and forest roads mark the southern boundary.

I

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

Geology and solls

The Chitwan valley 15 bordered by the Lesser Himalayan Mahabharat Mountain 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 quartzites. phyllites and sand stones (Berry ef all 1974, cited in Lauric
1978). The Siwaliks are characterzed by sandstones, conglomerates, quratzites, shales and
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micaceous sandstones ( Stocklin and Bhattara 1982). Soils are largely alluvial deposits left by
shifiing river courses. The Naravani and Rapti nvers have markedly influenced the soils of the
valley, almost chmunating the origmal basin deposits. Most dun valley soils reflect the
lacustrine and fan-delta chamcteristics of the watershed draming into the basin dunng the late
Tertiary peried. Drainage is variable with the water table manging seasonally from 0-2 m. Old
soils on fans, aprons and ancient river terraces are well dramed sandy loam to loam. The
waier table scasonally ranges from 1-15 m. Hill soils are sandy loam o loamy rubble, with
very stony surfaces less than 50 cm from bedrock. Surface drammage 15 very raped, internal

dramage is poor. and erosion is severe.
Hydrology

The CNP 15 drained by Naravam, Rapti and Ricu Rivers and their inbutarics. The Rapti River
originaies from the Mahabharat range near Chisapani Garha a1t an altitude of 2,120 m and flows
southward and then westward from Hetauda for roughly 120 km o its confluence with the
Reu and Marayani River (Maskey 1989). MNarayani River. the third largest river of Nepal.
flows south west about 30 km through a relatively low gradient. The snow-fed Kali Gandak:
and Trnsul Rivers are the two major tnbutanes of Naravani River. The river 15 called
Narayani once Kali and Trisuli meet at Deughat. The river has a maximum width of two
kilometres and consists of many channels and 1slands. It swells © a maximum level duning
monsoon pericd cammyving a high sediment load, During the dry season {December - March)
the nmver recedes to the main channel at some pomnts keaving some channels with litke water.
The river constitutes sand banks, rocks, and stands of Saccharum sponianenm, Phragmiles
karka and other grasses. The Marayam River eventually joins Ganges River near Hajiipur in
India after travelling 25 Km along the base of Someshwar hills in Nepal (Maskey 1989).
There are number of tributaries draining to Rapti and Reu inside the park. The average flow
ranges from 1000 to 1700 cum/s but the maximum flow ranges from 10,000 © 700,000 cum/'s

during the monsoon season from June to September.
Climate

The Chitwan valley has a sub-tropical climate with three distinct seasons: a) monsoon {June -
September}; b) cool dry (October — January); c) hot dry (February — May) (Laurie 1978,
982}, January is the coldest month of the year with mean minimum temperature ca. 8" C.
April and May are the hottest month and mean temperature reaches above 36" C (Figure 1.4).
Between 1980 and 2009, mean annual rainfall was 2036 = 64 mm and 80% of which occurred
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durimg monsoon (Figure 1.3). Winter months are relatively dry but a bittle rain occurs 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 dunng month of May with thunderstorms.
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Figure 1.3, Average monthly rainfall in Chotwan between 1980 and 2009, Bars arc standard errors.
{Data source: Depariment of Metrology and Hydrology, GovN).
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Figure | 4. Monthly average mummum and maximum temperature { degree Celsius) between 1980 and
2000 in Chatwan. {Data source: Department of Metrology and Hydrology, GovN .
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Yegetation

The general vegetation charactenstics of the Chitwan National Park have been described by
Bolton (1975), Lourie {1978). Mishra (1982} and Thapa (2011). Vepetation of CNP is
subtropical type. with mosaics of early successional flood plain commumities 1 alhovial
floodplam to climax Sal forest in relatively dry flat lands. About 70 percent of vegetation 15
dominated by Sal {Shorea robuste) forest. a moist deciduous vegetation type of the Term
region (Stainton, 1972; Dobremez, 1976). About 15% of the park is covered by grasslands
and remaimang by mixed riverine forest {Dinerstein 2003 ).

The Sal forest 15 so called chimax vegetation of the Term (Stamnton, 1972; Dobremez, 1976).
Assoriated species of Sal forest are Terminalia tomeniosa, T. bellerica, Lagersiroemio
parviflorta, Diflenia pentagyna, Bucharania latifolia and Semecarpus anacardium. On the
ndge of the Churia hills Pinus rochburghii is associated with Sal. Riverine forest 15 composed
of Dalbergia sissoo, Acacie catechu. Trewia mudiflora, Bombax ceiba, Butea monosperma,
Careva arborea, Ehretia loevis and Ficus spp. Lehmbuhl (1994) has classified nivernne
grassland into eight different associanons with ten phases. The Moodplain tall grasslands are
characterized by Saccharum spontanum, 8. bengalensis, Navenga porphyrocoma, Themeda
villosa, Arundo domax, and Phragmites karka. Short prasslands are dominated by imperata
cvlindrica. Cynodon dactvlon and Chrysopoegon aciculatum.

Fauna

Chitwan harbours 68 species of mammals, 544 species of binds, 56 species of repliles and
amphibians, and 126 species of fish (CNP 2012 ). Major mammalhan specics of Chitwan are
uger (Panthera tigris). leopard (Panthera pardus), sloth bear (Ursus wrsinus), paor (Bos
gaunes), greater one-horned rhinoceros (Rhinoceros umicornis), Asian clephant (Elephas
meaximus), dolphin (Platanista gangetica). Ungulate prey species includes chital { Axis axix),
hog deer { Axis porcimus), sambar (Rusa unicolor), muntjac (Muntiocus mungfak) and wild pig
{Sus scrafi). Globally threatened bird species include greater adutant ( Leproptilos dubius),
lesser dptant (Leptoptilos favanicus), Pallas’s fish-cagle (Haligeets lencoryphus), greater
spotted cagle {Aguila clanga) impenal cagle (Aguila Aeliacal). sarus crane (Grus antigone),
Bengal florican (Houbaropsishengalensis). Indian skimmer (Rynchops albicollis), whate-
throated bushchat (Saxvicola insignis), Jerdon's babbler (Chrysomma altirostre), slender-billed
babbler { Tnrdoides fongirastris) and brstled prass-warbler { Chaelornis strigtus). Important
reptile species found in good numbers in the park are gharial {Gavialis gangeticus), marsh
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mugger crocodile {Crocodvius palustris). golden monitor lard ( Faramus flavescens) and
Asian rock python (Pethon molumis).

Disturbance factors of ecosystem

Biotic and abiotic factors such as floods. fires, erosion, and human disturbances contribute o
maintain a mosaic of grasslands, riverine forests amd Sal forests i varous stages of

SUCCOSSION.
Flood

The riverine forests and grasslands along the floodplains remain water logged dunng the
monsoon scason. The rvers and streams carry large loads of sediments during flood and
hence frequently change the course. Monsoon floods and river dynamism are mmportant
natural forces responsible to maintam the prasslands and rivenne forest communities
{Dinerstein and Price 1991 ).

Fire

Annual buming in Chitwan valley 1s an ancient human practice (Laurie 1978, Lehmkuhl
1989), The grassland and surface htter of Sal forest are bumnt between January and April
{Mishra 1982). Mosi fires are lit either by villagers or park stafl (Laune 1978) o remove
outer dry lavers of tall elephant grass and to get new grasses. Local people use cancs of
elephant grass for construction of walls and partitions in traditional houses. Early fires during
January-February have little effect on shrub and grassland, but the late fires during March-
Apnl penetrate most part of the forests. Heavy fires reduce species diversity of prasses, shrubs
and trees; however, the anmual bumming seems to maintain the grasslands from woody

encroachments except Bombax ceiba, the only fire resistant tree (Troth 1976).
Girass cutting

Since 1978, local villagers have been permitted to enter the park each vear to collect thatch
grasscs (Mishra 1982) and the grass cutting program (GCP) of the CNP 15 regarded as being
very successful in gaining local people’s acceptance of park. The GCP opens the park for
short penod (previcusly 14 days but now less than a week). where villagers may collect four
essential products that are not available to them clsewhere, namely thatch grass (mamnly
Saccharem spontanewm and Imperata cvlindrica)y for moof, reeds (mamly tall grass species
such as Saccharum spontaneum, Narenga Porplyrocoma, Themeda spp.. Arunde spp., Tpha

elephantine and Phragmites karka), rope bark {Helicteres isora) and rope grass (Eulaliopsis
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himara). Stracds and Trewe (2006} cstmated that the almost 50,000 toncs of biomass were
removed from the Park during ten days access of grass cutting i 1999; the ioial pross
cconomic value of the GCP in 1999 was more than $1 millhion. lllegal fuel wood was the
single most important product extracted from CNP and accounted for half of the total quantity
and economic value of all resources collected {Straeds and Helles 2000).

Tourism

Chitwan National Park 15 the third bigzest tourist destination of the country; it receives more
than 150 thousands visitors annually of which ca. 40% are foreigners {CNP 2012). There are
more than 130 hotels and resorts in the buffer zone of Chitwan of which the majority are at
Saurnha. Visitors are allowed to enter the park for jungle walk, jeep safan. elephant safan
and canoeing. Some patches of the buffer zone, like Baghmara and Chitrasen communmity
forests, including some core areas of the park, are over utlized for the tourism purposes.
Some visible impacts on wildlife and vegetation have also been observed {Aryal 2005),
Sauraha gets more than 70% of the visitors of the park.

Other human disturbances

There are over 1,100 regular army staff and about 300 park staff working inside the Chitwan
Matonal Park for the secunty and manapement. Similarly, there are 7 concessionare hotels
with over 700 rcgular staff mmside the park In additon, there are more than 120 captive
elephants belonging to the park and concessionaire hotels. The captive elephants use the park
for grazing and forage collection, lllegal collection of non timber forest products and grasses
by the local people 1s common (Nepal and Weber 1993, Strede and Helles 2000, Dinerstein
2003, Fishing activity 15 commen in all nvers along the park border by local commumnities
mchiding Botes and Mushar whose livelihood 15 attached to the rvers. Sand mining in some
river banks has posed threats to ghanal crocodiles and other agquatic fauna.

Buffer zone management

The Mational Parks and Wildlife Conservation Act 1973 (Fourth amendment in 1993), Buffer
Zone Management Repulations 1996 and Buffer Zone Management Guidelines 1999 provide
a policy and legal framework for the buffer zone program. An additional area of 750 km'
around the Chitwan NP was declared as buffer zone i 1996 with the aim of creating a
protective layer for the park and to meet the resource needs of local communities {Sharma
1998). Cultivated agricultural lond (46%) 15 the dominant land wse category in the BZ
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followed by forest (43%0), shrub land. grassland and others (DNPWC. 2000} More than
300,000 people of various ethnic communities reside i 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 15 commumty based organtations. The buffer zone management commitice
{BZMC) 15 an apex body under which there are 21 buffer zone user commuttees (BZUC), |
sub- commuttee 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 1s
ploughed back into the community by the povernment for conservation and development in
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 is to bring the local commumnitics into & main stream of conservation and
establish a local stewardship through partnership 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:

I. To study the seasonal nutritional ecology of thinos and the role of mvasive alien plant

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

3, To estimate the population size, distribution, ranging patterns and demographic

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 capacity of

Chitwan for rhinos. Predictions were:

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

d. Demographic parameters of the rhino would be compromised i 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
Natlonal Park

Photo: Participants of rhine 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 in
small isolated protected areas {Owen-Smith 1988, Sukumar 1989). The populations of the
greater onc-homoed rhinoceros ( Riinoceros unicornis, Linnacus 1758) (heneeforth rhino) i
Asia have been seriously compromised by this fate. Dunng the fifteenth century, rhinos were
abundant throughout the loodplains of the Ganges, Brahmaputra and Smdh Rivers and their
large tributaries between Indo-Burmese border in the cast and Pakistan m the west ( Blanford
1891, Laune 1978, Dinerstein 2003). At presemt, some 2850 rhinos survive in isolated
pockets of protected arcas within India and Mepal { Talukdar 2000},

Rhinos suffered a catastrophic decline in Mepal 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 resulied from conversion of Teral grasslands and foresis to agnculiure
subsequent to a malari cradication and resettlement programme launched by the Govermment
of Nepal (Laurie 1978). During the 1960s over 70%4 of the forests were cleared m Chitwan
valkey alone (Dinerstein 2003, Caughley 1969, Laune 1978} After the establshment of
Chitwan MNational Park in 1973 and sinct law enforcement the population gradually recovered
to about 612 m 2000 (DNPWC 2000, Dinerstein 2003). Dunng this peniod active rhino
population management and reintroductions across Mepal established other populabons n(a)
Bardia Kamali floodplain ca. 32, (b) Bardia Babai valley ca. 35, and {c) Suklaphnata Wildlife
Reserve of ca. 5 individuals. But subsequently during a decade-long armed conflict {1996 -
2005 ) rluno conservation in Nepal was compromised due to intense poaching. resulting i
total climination of Babai population, reducing Bardia Karnah population to 22, Suklaphanta
population to 4 and Chitwan population 1o 372, The total population in Nepal was about 400
in 2005 (DNPWC 2005).

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

adaptive management.

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

have been momtored and population estimation done using individual identification based on
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body scars. hom shapes and sizes. and other identifying distinct body features (Kiwia 1989,
Conway and Goodman 1989, Walpole ef af. 2001, Patton ef al. 2007}, radio tagging (Gall
and Flamand 1996}, spoor (Alibha er af. 2008) and camera traps (Stein ef al. 20100, Acrial
counts with fixed winged and helwopters using multiple observers (Ngene of al 2011,
Brockett 2002) as well as water hole counts with photographs (Cilliers 1989} have also been
used o monitor and cstimate populaton sizes. The precision and accuracy of different
methods were tested against known population size for black rhinos in and Erosha MNational
Park (Cillicrs 1989) and Kruger National Park ( Ferreira ef al. 2001). and acnal survevs were
found to consistently underestimate the actual populstion. The direct appheability of these
methods to the greater one-homed runoceros in Tera habitats 1s questtonable (Laune 1978,
Dinerstein and Price 1991). The methods used in MNepal are a combination of several used in
Africa with local modifications. In low rhino density areas such as those found in Bardia
Natonal Park, Suklaphanta Wildhfe Reserve and parts of Chitwan Matonal Park, individually
identified (ID-based) rhinos are intensively monitored by regular patrols that are needed for
ther protection (Amin ef al. 2006). In high density arcas of Chitwan National Park parallel
strip counts from elephants are conducted for obtaming total counts similar to aeral block
counts done in Africa (e.g. Brockett 2002). The tall grass and closed canopy forests of the
Tera make the aerial surveys impractical while elephants can easily nepotite this habitat and
provide vantage points to detect and count rhinos {Laurie 1978, Dinersiein and Price 1991).
On the other hand, captive clephants are readily available i Nepal and regularly used for

patrolling.

Hercin, we report the status of rhinos m Nepal in 2011 using a total block count method
across all rhine habitats. The block count method does not exphieitly account for imperfoct
detections. Imperfect detection may be a minor problem for large bodied animals like the
rhinos which are surveyved with a large, planned, and well designed effort as done in Nepal.
However, we test this assumption within an intensive study area where we compare rhino
population estimate obtamed by block counts with estimates obtained by (a) intensive long-
term monitoring based on mdividual identity (ID-based) and (b) closed population sighting-
mark-resighting (SMR) that explicitly accounts for imperfect detections.

Study sites

The study covered the current distnbution of rhinos within all potential rhino habitats
Chitwan National Park (27°30°N., B4°20°E); Bardia Matwnal Park (28°30°M. B1°15'E)
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mchuding the narrow stnip of co. 13 km long Khata forest comdor along the Geruwa River
which connects Bardia with Katamiapghat Wildhife Sanctuary mm India; and Suklaphania
Wildlife Reserve ((28°45 N, 80°06"E) (Figure 2.1).
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Figure 2.1_ Protecied areas that were surveyed for estimating the population of greater one-horned
rhinoceres (Rhinoceros unicornis) m Nepal. These sites are the only known arcas where rhinos

occur in Nepal.

Chitwan National 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 — Februaryy and hot-dry (February — June).
Average vearly temperature ranges from a minimum 9°C in January to maximom temperature
of 36°C i 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 species
of birds, 56 species of reptiles and amphibians and 126 specics of fish (CNP 2012). Tiger
{Panthera tigriz), gaur (Bos pawrns), greater one-horned rhinoceros, Asun elephant {Elephas
mixcimus), leopard { Panthera pardus), sloth bear { Meliwrsus wrxinus), sambar (Rusa unicolory
and chital { Axvis axix) are major mammals. General vegetation types of Chitwan are descnbed
in Bolton { 1975), Laurie {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, founa and climate is similar to Chitwan but it

receives bess rainfall. Eighty three rhinos were remmtroduced in Bardia (13 m Karnali
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floodplam and 70 in Babai vallev) from Chitwan between 1986 and 2003 to create a second
rhino population in Nepal {DNPWC 2009, Dinerstein 2003 ). The details and establishment of
the reintroduced rhinos s avalable in Jnowal and Wegge (1993}, Jnawali {1995) and
Dianerstein {2003 ).

Suklaphanta Wildlife Reserve (henceforth Suklaphanta) is located in far western lowland
Terai and covers an area of 305 km®. Suklaphanta is drier than Chitwan and Bardia with | 300
to 2,300 mm of rainfall annually. 1t has 24 species of mammals, 350 species of birds and 14
species of fishes (DNPWC 2009). The rhino population was supplemented in 2003 with the
translocation of 4 animals from Chitwan 1o add to one resident rhino which was first sighted
and reported in 1995, possibly migrated from Dudhwa Mational Park, Indi (DNPWC 2009).
More than 70% of the reserve is covered by Sal (Shorea robusta) forest; the remaining is

mainly extensive grasslands and patches of nverine forests.

Methods

Block count method

We conducted the rhino census in April 2011 when visibility conditions were most suitable
followimg the annual buming of the tall grasslands and leaf shedding of deciduous trees
{Dinerstein and Price 1991 L The survey covered all potential thino habitats in Chitwan (503
km’) inchuding Barandabhar forest comidor and %6 k™ in Bardia including Karnali fleodplain
and Khata forest comdor which s contiguous with Katerniaghat Wildhife Sanctuary of India.
In Suklaphanta the census was not done as the small population of 7 rhinos was individually
known through a regular ID-based monmtoring program.

We used a block count method wherem simultancous elephant-back parallel strnip transects
were used 1o survey the blocks (DNPWC 2009). We divided all potential rhino habatats into
11 to 75 km® size blocks based on physical features that likely curtailed short-term
movements of thinos using a topographic map (scale 1:25.000) and reconnaissance surveys
{Figure 3 and 4). A block bounded by streams, ndgzes and Sal forest (Lauric 1978, Dinerstem
and Price 1991} was considered a sampling umit and was surveyved in a single day. Block

surveys were conducted from east to west in Chitwan and south to north in Bardia

We used 40 clephants in Chitwan and 15 elephants in Bardia to survey each block
systematically. The total census compnsed 19 days in Chitwan, and 5 davs in Bardm with a
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scarch effort of 3.548 clephant hours. A total of 5497 km of systematic survey cffort was
conducted, consisting of 4854 km in Chitwan and 643 km m Bardia. Each elephant had a
trained observer and clephamt Mahet on the back. Elephants were lined up and moved parallel
along transects at a spacing of 50 m m dense forests and 100 — 200 m in open grasslands
moving at an average speed of 1-2 km per hour. Each elephant team was equipped with a
camera, datasheets, hand held GPS (Garnin ETrexH, Taiwan) loaded with cach day’'s transect
track and a wireless radio handset (Kenwood ProTalk TK 3200U8P, China) for navigation
and coordination.

To prevent amimals from bemng double counted duning the block count. rhinos sighted along
transects were recorded only afier they had been pushed behind the lme of elephants. All
rhino sightings were communicated by wircless radio sets and observers from adjacent
transccts confirmed the dhino sightings. We minimized double counts by the above-mentioned
coordination and by recording the GPS coordinates, time of sighting, habitat type, group size,
movement direction of the rhino, and its age and sex along with any distingumshing features
and photographs when possible. The nge of the rhinos were cateporized as calf. subadult and
adult (Laurnic 1978). Fifty five observers participated in the survey and all of them were
previously trained in rhino survey techniques and tested for consistency in ageing and sexing.
If stage and sex was not 100% confirmed it was recorded as unsexed and unaged. The entire
team of observers, Mahuis and coordmators was debnefed each evening and potential double

counts corrected and data compiled for the surveyed block to amrive at conservative estimates.
Validating block counts

Block count method assumes a detection probability equal to one resuling in a total count of
rhinos. Due to large body size of the rhino, 1ts natwre of moving when approached and the
intensive survey effort mvested by us, this assumption was likely close to the truth. However,
we checked the validity of the assumption by comparing the population estimate obtmned by
{a) long-term ID-based monitoring of individual rhinos in Sauroha study area of 214 km'
within Chitwan (block 1-5, fig 2) and the Kamali floodplain population of Bardia (86 km')
and (b} closed population sighting-mark-resighting (SMR) population estimation conducted
just prior 1o the block count within Sauraha study area of 214 km® in Chitwan.

Most rhinos are wdentified individually from well recognized features such as horn shapes,
folds and body marks (Laune 1982, Dincrstein and Price 1991). We have been monitoning
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rhinos by individual identification on a weekly basis in the study areas for the past three vears.
Malrts and senior wildlife technicians from Mational Trust for Nature Conservation (NTNC)
routinely search and record individual rhinos whose profile protocol inchudes full body
photographs  highlighting distinguishing charactenistsics, sex. apge and informabon about
locations and associated rhinos (Comway 1989, Walpole et all 2001, Amin ef al. 2006). Fow
rhinos, mainly subadults, do not have any recognizable features. However, these constituie
only 2 - 5% of all sightings and such individuals were distinguished from others by their
location and range use, as well as from associated wdentified rhinos. This ntensive and
extensive momtonng allowed o know the total population usmg our study arcas with

reasonable certainty { Walpole er al. 2001 ).

Two weeks prior o the total count exercise. we conducted a sighting-mark-resighting based
population cstimation wsing mformaton on individually wdentificd rhinos in Sawraha
subpopulation of Chitwan. We divided the arca into | X | km grids which were imensively
scarched by |3 clephants, cach with two observers. The entire arca was covered within a
penod of 4 days. which constituted an occasion. We mvested equal search effort within each
grid. Three complete coverage searches {occasions) were completed within 12 days (726
elephant hours) =0 as to ensure population closure. On sighting of a rhino, the observers either
identified it based on a photo catalogue that they carried and/or they took photographs, which
were then later used to identify the amimal The data over the three occasions were then
organized in a X' capture matrix and analyzed in program CAPTURE (Obs ef al. 1978) o
arrive at a population estimate. Population closure was formally tested using program close
test {Stanley and Burnham 1999, Otis of al. 1978).

The population estimate obtained by total block counts and from intensive montoring  based
on photo profiles of individually sdentified rhinos was then compared with the populatnon
estimate obtmined by SMR analysis by gencrating a 95% confidence mterval (C1) on SME
estimaie and checking if point estimates of block count and intensive ID-based estimate were
within the C1 or not.
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Results

Abundance and distribution

The 2011 survey recorded & total of 503 rhinos in Chitwan, 24 runes in Bardia, and 7 rhinos

n Suklaphanta, giving a total dano population of 334 animals for Nepal (Table 2.1,

Table 2.I. Population status and structure of thinos | Rhinoceros wnicornis) m Nepal in Apnl 2011,

Protected aren Ape-group Female Male Unidentified Total
Adult 157 126 49 332
Subadult 14 Q 37 60
Chitwan National Park
Calf 12 10 R0 111
Total 183 145 175 503
Adult T + 4 15
o Subadult 1 0 3 4
Bardia National Park
Calf 1 1 i 5
Taotal 9 5 10 24
e = 5 = G
Subadult ] 0 2 2
Suklaphanta Wildlife Reserve
Calf 1] 0 | |
Total 2 2 E] T
Taotal for Nepal 1o4 152 188 534

In Chitwan, 48 amimals (9.54%) were recorded outside the park n commumity forests and

Barandabhar forest corrsdor (Figure 2.2). Alogether in Chitwan, 44%: of the rhinos were
found m tall grasslands, 37%0 in nvenne forest, 7% in wetland, 7% n 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 1 and 2, the density and encounter rate was lowest at 0.02&km’

and <0.01/’km respectively.
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Figure 2.2. Rhino (Rhimoceros wnicormis) distmbution and density (rhinos'km®) gradient in
Chitwan n 2011 as determined by elephant-back block counts. The inset figure shows track plots
of elephani-back survey limnes within pant of block 6 of Chitwan National Park, Mepal.
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Table 2.2, Block size, rhino { Rhinoceres wnicornis) mmmber, density and encounter rate in
different count blocks of Chatwan National Park i April 2011,

Block  MName of the block MNuomber Block  Searched Densitw'  Encounter
number of thine  size cfforts km?* rate’km
(k) {km)
1 Sunachun, Harda 1 46.3 38 0oz <L
2 Harda, Amrite. Kuchkuche 4 3409 ENLIR 0.1l 0.0l
3 Amrite, Marchoul, Icharny 19 3315 3914 0.57 .05
4 Barandabhar comdor 7 249 5175 028 LRI
5 Marchauli, Dumaria 46 747 2152 062 02
6 Dumang, Kasarn 34 Iln 265.6 Lov 13
7 Kasara, Kamaltal 7 38.7 27 044 .0k
] Sukibhar, Rapti-Reu junction lod 293 510.7 5.6 032
] Reu-Khornimuhan, T 1749 197.7 39 0.35
L] Khoria, Temple tiger 43 iz 195 358 0,22
Gharial island, Lamichur,
11 Kawasob 26 38.5 2381 0.67 w1l
12 Gharal island, Bhorsaghat 10 1.7 183.5 0.86 0.05
13 Bhagedi. Sen, Tamsapur 3 151 246.2 0.2 LRI
14 Main island of Bandarhula 13 0 212 0.65 LR
15 Bhorsaghat, Kujauli 12 10.5 1327 L2 (LR
16 Mardighol, Gajapur ] 49 126.1 1.63 006
) Kujauli, Sikrauli 11 116 258 0.95 LIRSS
18 Madi, Thor 4 277 195 014 0.03
19 Sen, Tobeni 11 19.2 75 0.57 015
Girand total 503 503 4.817

Twenty four runos were found 1 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 thinos were recorded in mixed rverine forest and 35% in the floodplam tall

grasslands in Bardia. No rlunos or their signs were found in the Babai valley.
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Figure 2.3. Rhino {Rhinoceros unicorniz) distribution and density (rhinoskm®) in 201 1 as
determined by clephant-back block counts in Bardia Natiomal Park, Nepal.

In Suklaphanta. seven rhinos were found distributed along the Chaudhar and Mahakali river
floodplams ( Figure 2.4). Out of which four were im mixed nvenne forest and three were in tall
prasslands.
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Figure 2.4. Rhino {Rhineceros 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 Sauraha study area (block 1-5)
we made a profile of 67 individually dentified rhinos and 5 subadulis with photos but not
having clear features for Wentification. These subadult thinos were considered 1o be unique
mndividuals 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
wentifiable 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 tme. The intensive 1D-based monitoring gave a population estumate of 23 known rhinos
i the Kamali Floodplain of Bardia.
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Dunng the SMR cxercise in Sauraha study arca of Chitwan we obtamed 168 rhino sightings
of 66 unique 1D indviduals and 5 non-10 individuals. The population closure tests revealed
that the assumptions of a closed population was not violated (= 0.85, p = 0.35, Stanley and
Bummham { 1999), closure test; p = 099, z = 2.88, Otis f al. (1978) closure test). The best
medel selected by CAPTURE was model Mh that incorporated individual heterogeneity in
capture probabilitics (p = 0.81). The population mn intensive study arca was cstimated at 66
with a 95% confidence interval of 66 to &1 rhinos. Since the population of non-identifiable
rhinos i the study ares was known to be 5. the 95% confidence mterval on the total
population estimate was adjusted o be between 71 and 86 rhinos. The intensive 1D-based
monmtoning and closed SMRE population estimates were statistically similar but marginally

lower than block count estimate.
Population structure

Cut of the 303 rhinos recorded. 66% were adults. 12% subadults and 22% calves in Chitwan
{Table 1.1). Thirty five percent of the adult animals could not be sexed. Among those that
were sexed the adult female to male ratio was 1 .24 (N = 283) for the Chitwan and 1.75 (N =
17} for Bardia. In Chitwan 60% of the adult females had calves and 55% had calves in Bardia,
Bardia population had 62% adults, 21% subadults and 17% calves. Likewise Suklaphanta
with as low as 7 individuals 3 were male and 4 were females. Out of seven 2 were subadulis,
1 calf and 4 adults.

Discussion

Fopulation structure and distribution

The female to male sex ratio for rhinos was 1.58 in 1988 (Dinerstein and Price 1991), while
the ratio was found 1.24 in 2011. It indicates a slight increment of male proportions in the
population compared to previous studies. In 1975, there were 52.2% odulis, 2 1.2% sub-sdults
and 26.6% calves (Laune 1982). and the population structure was similar in 1988 and 1994
{Dimerstein and Price 1991, Yomon 1994). The maximum proportion of adults was recorded
{68.75%) n 2005 and it was 66% during present study. The maximum propertion of adulis n
chitwan rhino population during 2005 was likely due to high poaching of breeding females in
2002 and 2003. The gradual mcrement of the male proportion in Chitwan may also be
attributed to male biased binths in rhinos (Lang ef al 1977} and removal of more females for

reintroductions and captive breeding. A total of 103 mdividuals were removed from Chitwan
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for conservation breeding and reintroduction after 1984 of which over 70% were females
{NTNC unpublished data). However. the population structure of different years (1975 1o
2011) was not statistically different (¥ = 16.3, df = 12, p = 0.18).

Out of 503 rhinos recorded in Chitwan, 9.54% were located outside the park and were
residing 1n Barandabhar forest corridor and commumnity forests in the buffer zone. Dispersal of
rhinos outside the park 15 a challenge for security but is also an opportunity for parinership
with local commumitics in rhino conservation. Some of the commumty forests carn pood
amount of money from nature based toursm (Bookbinder e al 1998). Becouse of strong
community engagement in thino conservation in the buffer zone and the comdor, poaching
has been sharply reduced n these arens. However, the secunty of these rhinos and the human-

rhino conflict 1s a constant challenge for park management.

Temporal and spanial distnbution of rhinos was found o be changing in Chitwan. Long-term
data clearly show a continuous decline of Sauraha subpopulation after 1988, From es many as
252 rhinos in Sauraha (east of Kasara} during 1988 (Dinerstein and Price 1991) the
population has steadily dechined to 128 n 2011 {49%). However., the rhino population west of
Kasara im Chitwan 1s gradually increasing. The reasons for the decline in Sauraha could be: (1)
Removal of 65 rhinos from the Savraha subpopulation between 1984 and 2003 for
reintroductions and captive breeding {DNPWC 20009 and NTNC unpubhshed data), (o) Out of
the total poached rhunos (N = 171, 1998 - 20010), 48% of the animals killed were from this
small arca im Chitwan. About 60% of the poachers arrested from Chitwan valley were from
villages close {ca. 20 km north) to Souraha (NTNC unpublished data). Therefore, we suspect
even higher pressure from poaching in this arca than actually recoded especially during the
perod of armed conflict. (1) Annual monsoon floods are responsible for maintaining prime
grazing habitat and high population densities in Chitwan | Laurie 1978, Dinersicin and Price
1991 ). This phenomenon has been obscured afier the establishment of a 9 km long dyvke along
the northern bank of Rapti River between Kumrose and Lothar during 19%0s. This has
resulted in a channelized niver flow in place of a meandering, silt depositing flow. Due to this
the productivity of the floodplain grasslands and distnbution of oxbow lakes in the Sauraha
block (cast of Amrnite) has boen impacted, possibly lowerning the carmving capacity for rhinos.

The declining trend of Sauraha subpopulation can be tumed around by applying the prnciples
of bwlogical management. The fastest option to increase the populaton would be by
translecabion of some individuals from the western subpopulanon of Chitwan to Sauraha. This
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should be dome after a careful study to narrow down the causes of decline and ensure that
these factors are controlled through active habitat management and antipoaching activities.
On the other hand, the population at Suklaphanta s too small and therefore demands
mmediate actions by further supplementation of some individuals. For Bardia, studies on
habitat availability. population performance and sccunty threats are needed o provide
scientific inputs for decision making regarding further supplementation of rhinos. In Baba
valley of Bardia 70 rhinos were released between 1991 and 2003 and all of these were
poached during ammied conflict { DNPWC 20009). Some of the Bardia rhinos have dispersed to
India towards Katermaghat Wildhife Sanctuary (DNPWC 2009, Jnawal 1995) through the
Khata forest corridor which still serves as a functional comdor for movement of thinos,
elephants and tigers between Nepal and India connecting the large transboundary Terai Arc
Landscape {Thala et al. 2011 ). Some 4 o 6 individuals were reporied in Katerniaghat Wildlife
Sanctuary at the time of count {Ramesh Thapa, pers. comm. .

There has been no recorded rhine poaching m 2011 across Nepal. Current integrated
antippaching strategy /e, miensive strategic patrolling. rhine momitormg i the core areas,
activation of cffective intelligence network and arrest of criminals through Wildlife Cnime
Control Bureau (WCCB) by coordmnation among all secunty agencies, seems to be effective
for the time being. More than 150 poachers were arrested across Mepal and mmprisoned
between 2010 and 2011 (DNPWC 201 1a). However, poaching can escalate at any time and 1s
correlated wath periods of political instability like between 2001 and 2005, Currently, Nepal is
i a period of political transition and therefore the poaching threat 15 prominent. Om the other
hand. habitat degradation due to recent mfestation by Mikania micrantha, which has senously
invaded more than 15% of the prime rhino habitat, as well as succession of tall grasslands to
woodlands have the potential to reduce carrving capacity and also to retard population growth
{DNPWC 2009). Yet, proportion of 80% breeding age females having calves as recorded in
Chitwan, 15 a good indicator of a healthy growing population especially for highly k-selected
species like the rhino.

Comparison of different methods of population estimation

Tall grasslands and dense riverine forests of Terai makes acrial count and transect count used
for estimating rhuinos o Africa imnefficient 1n Nepal (Laune 1978). Identification and photo
registration of each individual 1= one of the most reliable methods for carryving out rhine
population estimation (Lawrie 1978, Kmwia |989, Conway and Goodman 1989, Dinerstein and
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Price 1991, Walpole ef al. 2001). We compared the results of block count with those obtained
from ntensive ID-based monstoring and with statistically robust SMRE methods. Though the
block count cstimate was margimally higher than ID-based estmates 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 neighbounng blocks. This was hikely 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 greater accuracy of block counts. Based on our
data we conclude that the three methods provide comparable estimates of rhino population

size for all practical purposes.

Intensive ID-based monitoring method needs relatively long tme (over a year) 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 higher resources 15 quick but needs greater precautions and
plannming to avoid 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 to 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 mmportant and representative populations are intensively monnored
annually using the SMR design that relies on the 1D-based system. The SMR design provides
the much needed statistical ngour for estimating rhino populations in Nepal, and can be
readily adapted 1o estimate 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 elephamt back while rhanes are feeding.



Introduction

The greater one-horned rhinoceros (Rhinoceres unicronis), henceforth rhino. was once widely
distmbuted across the floodplains of Ganges, Brahmaputra and Indus nivers from Pakistan in
the west to Myanmar in the east. However, their distnbution 15 now limied on solated
protected areas of India and Nepal (Laune 1978, Dinerstein and Price 1991, Jnawali 1995).
There are now 534 rhinos i Nepal (DNPWC 2011) and about 2,300 rhinos in india { Talukdar
2010y, Because of s population recovery especially in Kaziranga it has been down-listed
from endangered to vulnerable on IUCN's conservation prionty (IUCN 2008). But duc to the
ever looming poaching threat because of high illegal demand and price for the hom the rhino
15 retained as a schedule-l specics in Nepal under the National Parks and Wildhife

Conservation Act 1973 and 15 of national and mtermational importance.

Previous rescarch on free-ranging rhunes include ecology and behaviour (Laurie 1978 and
1982 ), demwography and habitat use (Dinterstemn and Price 1991}, genetic vanation { Dinerstein
and MCeracken 1990, Zschokke ef af 2011), rhino and plant interactions (Dinerstein and
Wemmer 1988, Dinerstemn 1989, Dmerstein 1992), capture, chemical immobilization and
radio collanng {Danerstem ef al. 1990, human-rhino conflict (Jnawali 1989). dry scason dicts
{Stcinherm ef @l 2005), feeding ecology and rangmmg behavior of donor and newly re-
established population {(Jnawali 1995). ccological and economic analysis of poaching
{Poudval er af. 200%), demographic structure, activity patterns, habitat use and food habits
{Kandel and Jhala 2008) and feeding ecology of Asian elephant { Efephas maxinmes) and rhino
{Pradhan ef al 2008). Dinerstein (2003} summarizes most of the publicatiors and ficld
expeniences and provides in-depth historical and ecological information on rhino along with

its successful recovery through public engagement 1n Nepal.

Wildlife nutnitional ecology has recetved greater attention in the recent years as it provides an
understanding of specific biochemical and bwophysical interactions critical 1o the survival and
productivity of individuals and populations {Robbms 1993). Only fow rescarch on digestive
physiology and feed digestibility (Clauss ef al. 2005a), energy, mineral nuiriion and water
mtake (Clauss ef al. 2005b) 1 the captive greater one-horned rhinoceros are available. More
scientific publications are available on Afmcan white {Ceratotherium simuem) and black
{Diceras bicomnis) rhinoceros. For example: mineral status of free ranging and captive
rhinoceros (Dierenfeld et al 2005). mineral absorption (Clouss ef al. 2007a). digestive
performance (Clauss ef af. 2006) of captive black rhinoceros as well as dietary tannin
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supplementation on this performance (Clauss ef al. 2007b), dry scason food and nuwtrient
mtake by wild white rhino (Shrader ef al 2006). Smmilarly, chemscal content analysis of
browse species of black rhine {Ghebremeskel ef al. 1991, Joubert and Eloff 1971, Loutit e al.
1987, Hall- Martin er al. 1982; Dierenfeld ef al. 1995) and diet companison of free ranging
and captive black rhino {Helary ef al. 2009) arc also availsble. In contrast to the African
species, studics on the scasonal nutntional ccology of frec-ranging greater one-hommed
rhinoceros are lacking. Moreover, understanding the numtional context of habitat degradation
due to mvasive plant species like Mikania micrantha, Lantana camara and Chromolaena
odovata on rhinos and other herbivores 15 of 1mmense importance for conservation
management of these species. It 15 possible that these invasive plants mpact population
performance of rhimos. Rhinos are bulk feeders and have the capacity to tolerate low quality
foods compared to small ungulates (Owen-Smith 1988). However. white rhinos are reported
not to compensate for seasonal declhines mn food quality by adjusting food mtake or diet
breadth; rather they mobilize body fat 10 meet therr nutntional needs dunng the dry scason
{Shrader et al. 2006). To understand the scasonal nutntional ecology of rhinos we conducted a
two years study (2010 — 2012) on 8 focal amimals by continuously montoring them with the
aid of radio-telemetry from the elephant back in different seasons. The following questions

were specifically evaluated:

1} What habitats do the rhinos use in different scasons?

11) What do the rhinos eat from these habitats in different seasons and how do the nutrient
contents differ across seasons?

1i1) How much do the free-ranging rhinos eat in a day? Like African rhinos, do the greater

one-homed rhinoceros exhibit seasonality i theirr nutmtional ecology and to what extent™

Study Area

The study was camed out in eastern sector of Chitwan National Park (27930°N, 84°3°E).
The park covers an area of 932 km® of south central Nepal. The climate is subtropical
monsoonal type with three distinct scasons: monsoon (mid June —mad October), cool-dry {mad
October — mid February) and hot-dry { Mid February — mid June). Average vearly temperature
ranges from 2 minimum 9" C in January to maximum temperature of 36° C in May. Chitwan
gels average 2400 mm of rainfall per year, 90% of which falls in the monsoon season
{Dinerstein 2003). Chatwan harbors 68 species of mammals, 544 species of birds, 56 species
of reptiles and amphibians and 126 species of fish (CNP 2012). General vegetation types of
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Chitwan are descnibed in Bolton ( 1975), Lawrie { 1978) and Mishra ( 1982). The vegetation is
subtropical, rmnging from early successional floodplain communities along the Rapt, Reu and
Marayam nivers to mature chmax Sal {Shorea rofusta) forest on the upper and dricr arcas. Sal
forest covers 70% of the park, 15% by tall grasslands and remaining by rivenne and other
forest types { Dinerstein 2003 ).

The intensive study area (Figure 3.1) consists of a mosaic of habitats dominated by mixed
niverine forests, tall grasslands, nverbeds, wetlands and short grasslands. The wall grasslands
are characterized by Saccharum spomianenm, Saccharwm bengalensis, Phragmites karka and
Narenga prophyrocoma while the short grasslands are dominated by fmperaia cvlindrica,
Cynodon dactvlon and Saccharum spontanenm. Trewia nudiflora and Bosbax ceiba are the
dominant species of mixed riverine forest while Litsea monopeiala, Ehretia laevis, Myrsine
chisia, Murrayva koenigii and Ficus racemosa forms the mad layer of the canopy. The ground
laver is formed by Callicarpa macraphyiia, Colebrookic oppositifolia, Coffea bengalensis,
Pogastemaon bengalensis, Clerodendron viscosum and short grasses. The area is mostly used
for tounism and local communities are also albowed for grass cutting in the fnnge of the park.
Annual fire 15 a phenomenon of the south Asian tall grasslands {Lehmkuhl 198%) and about
45% of the study arca gets burnt anmually between January and Apnl. The intensive study
area also encompasses an area of 18 km® of recently evacuated Padmapur village (now is
mostly tall grassland) from where 1,928 houscholds comsisting of 11.037 people were
relocated between 1995 and 2004 (Dhakal ef af 2011).
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Figure 3.1. Map of infcnsive study area showing different habitat types and bite count tracks of rhunos.

Methods

Bite rate and bite welght

I sampled eight aduli radio-collared rhinos (2 males, 6 females) as focal animals [ Altimann
1974) to obtain scasonal feeding data. These rhinos 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 duratton and specics eaten on the dicta-phone recorder while the other assisted on
confirming the species. and logging the GPS tracks of rhine. Binocular (8x50) was used if
needed to confirm the grass species eaten. The bite count events lasted from 2 o 60 mimutes
based on the duration of the feeding bout.
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Once the bite count was over the observers got off from the elephant and followed the rhino's
tracks; and then mimicked the rhino's bites by hand simulation. Ten bites of each food species
were kept in a scparate poly bag and fresh weight of bites was recorded through standard
digital weighing machine. The hites were brought to the field camp and oven dried at 50°C in
paper bags to constant weights. The dried samples were kept in air tight box with silica gel for
chemical analysis. Chemical analvsis was done by the end of cach season to avord quality
deterioration of the dned plant samples. Only the species contributing more than 5% of the
total bites were taken for chemical analysis.

I trained and tested all field assistants (n = 4) for 3 days prior to the real data collection for
consistency in recording bites, behavioral sates and events and identifying plant specics caten

by rhinos.
Computing seasonal dry matter Intake (IDMI)

Each rhino was followed from elephant back for | 1o 3 sessions (days) continuously for 24
hours in each season in a relay system where clephants and observers were changed after 6
hours to avoud observer/elephant Btigue. Continuous monitoring was mostly done duning full
moon and might vision equipment was used to observe and record vanous activities. Dunng
continuous momtoring, data on time spent foraging in each hoabitat, number of bites on each
species caten, number of defecations and their weight, number of urnination, and behavioral

activitics of the thinos were recorded (see chapter 4 for details on behavior).

Bite counts ranging between 30 and 1,500 were recorded from eight madio-collared rhinos
{Wallmo and Neff 1970, Allamann 1974} in each season in each habitat. The seasonal
aggregate of the total mumber of bites recorded for cach food item in each habitat was
multiplicd by the proportional foraging activity of radio-collared rhanos in that habitat tpe.
This provided a measure of the proportional contnbution of different food stem bites o the
rhino dict from each habitat type (Hobbs ef @f. 1981, Jhala 1997). Bite rate, ie. the average
number of bites taken from a particular food plant species. was estimated from the data
collected during observations and recording of bite counts. These observation bouts lasted

from 2 to 60 minutes, durng which time all food tems consumed were recorded.

The proportion of bites of a food item were multiplied by the bite rate {average number of
bites per minute for that food 1tem) to obtam the proportion of ttme spent by the rhino for
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feeding of the food item. Total time spent foraging on & food tem 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 a rhino on a food item by the bite rate | obtamed an
estimate of the total number of bites of a particular food 1tem that a rhino takes in a day. Total
mumbers of bites of a food item were converted to dry matter intake of that food tem by
multiphying 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 sesswons (n =
21} in different scasons to record the number of defecanons and unnations. Average

defecation rate for esch season was then obtained.

Total fecal output { TFO) was estimated by weighing the fresh dung of focal animal during the
continuous montonng perniod. Once the focal animal defecated the fresh dung weight was
weighed and part of the defecation (1-2 kg) excluding external dusty layer 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 dnied 7 samples {(weight ranging from 50 gm to 1300 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 analvsis of food plants and dung samples

By the cnd of a scason all the dned bite samples of food plants and dung were ground and
sieved through a 0.5 mm mesh. Sixty grams of ground forage powder was taken for chemical
analysis. Chemical analysis was done at Amimal Nutrition 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 (WDF), total ash (TA), Organic matter (OM), cellulose (Ce). hemicelluloses (HC) and
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calcum (Ca). Swmlarly, five dung samples were analyred for the above mentioned

constituents for each season.

Rhino food plant samples were analyzed for crude protem (N x 6.23) by Kjeldahl { Pierce and
Haemisch, 1947} method. Fiber { ADF and NDF} fractions were determined sequentially using
the procedures of Van Socst (1982) and Van Socst ef al. (1991 )

Total nutrient intake

Once the total DMI of cach species and the percentage of its mitrient content (DM ) was
computed. the amount of the total nutrient content ingested by the rhinos was caleulated.

Sumilarly. the total amount of nutrient contents excreted in the feces was also caloulated as

follows:
CP {gm} ingested from food species A = (DM of species A x % CP of specics AN 100
Crude protein {(gm) excreted = { TFO x % CP in feces)/100

In this way. total nutrients taken by the rhinos and total nutnent excreted in fecal matter for
total ash (TA). organic matter {OM), crude protemn (CP), neutral detergent fbre (NDF), acyd
detergent fiber (ADF). hemicelluloses (HC). cellulose {Ce) and calciom (Ca) were caloulated.
Based on this information digestibility of all nutrients was computed.

Estimation of dry matter digestibility (DMD), crude protein digestibllity
(CFD) and true protein digestibility (TFD)

Dry matter digestibility (DMD) and nutrient digestibility can be estimated if DMI and TFO
are available with reasonable accuracy (Church 1976, Robbins 1993, Van Soest 1982, Thala
1997} In my case, | obtaned estimates of DM and TFO from the radio-collared rhinos by

continuous monitoring and caleulated DMD as follows:

DMy = { DMI - TFOYDMI

Crude protein digestibility { CPDY) is estimated as:

CPD = {{CP in forape x DMI) — (CP in feces x TFO))/CP in forage x DMI

Sumilarly, true protein digestibility ( TPDY} was calculated as follows { Schwartz and Hobbs
1985, Jhala 1997):
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TPD — [CP intake — {CP in feces — {MFN x 6.25)! VCP intake

Where, MFN is the metabolic fecal nitrogen. MFN was estimated by regressing seasonal
nmitrogen (N} content of dict against seasonal N content in feces. The Y intercept f.e. N in dung

when N content in diet (intake) 15 zero gives an estimate of metabolic fecal mtrogen (Jhala
1997

Results

Seasonal food habits and dry matter intake

The focal rhinos were comtinuously followed from the elephant back for 304 h in monsoon.
228 h in cool dry scason and 192 h in hot dry scason covenng daylight and nmight. A total of
11,199 bites were recorded mn the hot-dry season, 10,740 in the cool dry season and 10,151
bites in the monsoon season from different habitats (Table 3.1). Average bite rate per minute
was 13.37 =1.03 1n the monsoon, 1198 = 0.52 duning the cool dry scason and 11.50 + 0.33
during the hot dry season. The average dry weight of the bile was 3.32 + 0.22 g in the
monsoon, 3.93 + 0.29 g in the cool dry season and 3.02 = 0.25 g in the hot dry season.

Tahble 3. 1. Number of bites recorded from different habitats in different seasons and seasonal average ite
rate and bite weight of greater one-horned rhinoceros in Chtwan Mational Park, Nepal. Values in
parcntheses are standard errors.

Habitat type and bite details Monsoon Cold dry Hot dry
Riverine forest IR41 GR10 1o

Tall grassland H6T 4340 Q401

Short grassland 1843 200 TOR

Total bites recorded 10151 107440 Ines
Average ate rate’'minute 13.37 (1.03) 11.98 {0.52) 1150 (0.33)
Average dry bite weight (g) 3.32(022) 3.03 (0.29) 3.02 {D.25)

Annually, rhanos foraged 71% of the time in grasslands and 29% in the riverine forests (Table
3.2). Riverine forests were extensively used dunng monsoon compared 1o other semson
Rhinos spent 38.19 + 1.79% (mean = SE) of the total time for feeding in the monsoon. 40.40
+ 1.19% of ume in the hot dry scason. and 40.21 = 2.78% of tme during the cool dry season
{Figure 2. Fifty eight specics of plants were found utilized st different scales { Appendix -1).
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However, 14 species of plants contributed 85% of annual dict m terms of dry biomass

consUMpricL.

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

Season Rivenne forest Tall Grassland Short prassland
Monsoon 4180 43.36 14.84
Cold dry 2852 496y 2182
Hot dry 17.77 58.07 M6
Annual average 2936 50.36 2028
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Figure 3.2. Scasonal and annual percentape time spent foeding by thanos. Bars anc standard
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Hot dry season diet

During hot dry season rhinos consumed 33 species of plantis of which eight species
contributed over 90% of the diet (DM basis). Saccharum spontanewm (34%), Imperata
cvfindrica (27%), Eragrosiris  tenefla (9%}, Cersivem  wallichii  (5.5%), Narenga
porplovrocoma (5%), Cynodon dactelon (2%), Phragmites karka (3%). and Mikamio
micrantha {3%5) 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 kg'day
{Figure 3.3, table 3.3). Daily (24 h) time spent feeding was 9.71 + 0.28 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 matter intake by adult male and female rhinos in Chitwan
National Park. Error bars are standard errors.
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The male rhinos were found 1o take shghtly higher dry matter intake (DM1) in all scasons
compared to females ({Figune 3.4}, but the difference was not sigmificant | Kruskal Wallis one-
way ANOVA, ¥ —2.24, df =1, p—0.152).



Tahle 3.3, Diet composition amd dry matier imtake () of greater one-homed rhinoceros in Chitwan Mations] Park as estimated by bite counts, time spent fomging in different babiais, bite mes amd bibe
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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 spontanewm (22%), Impevata cvlindrica (14%), Saccharum
hengalensis (6%), Eragrostis tenelfa (9% ), Callicarpa macrophvila (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 contributed by browse species.
Water plants were eaten avidly. Total dry matter intake (DMI) during cool 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). Saccharem spontanenm (25%), Eragrostri
tenefla (23%), Saccharum bengalensis (4%), 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 £0.48 h



Tahle 3.4. Diet composition amd dry matier imtake (M) of greater one-homed rhinoceros in Chitwan NP Mepal as estimated by bite counts, time spent foraging in di fferem habiats, bile mies and bise weighis
during the enal dry season 2010 200 1. In the twhle th is 1om] number of baies in the partioalar habitd and tsf is time spen feeding in that habita,
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Tahle 3.5. Diet composition amd dry matier imake (M) of greater one-homed rhinoceros in Chitwan Mations] Park as estimated by hite counts, time spent fomging in different babiais, bite mes amd bite
weights during the mossoon sensom 2010 200 1. In the table th is total number of bites i the particufar habitst and i=f s time spent feeding in that habitm.
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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, Y = 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 = 1 .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 consistent across the seasons (One-Way
ANOVA, Fr 1= 0,65, p= 0.526).

' | I [
B I l l
= |
g
T 4
=4

’ Hot dry I Cool dry . Monsoon I Annual

Figure 3.5. Annual and seasonal daily total fecal output {DW) of adult greater one horned rlanoceros.
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, 7 =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 Mikania micrantha, Litsea monopetale 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 macrophylla, Mikanio 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 Imperata cplindrica 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 in 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
nutrient contents in the fecal material.



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

SN Food plants M TA OM CP MDF ADF HC Ce Ca
. e it , 219 7806 647 3307 2336 1071 1607 483
T Bt 031) (0310 (0.38) {0.59) (097) (DA1) (L7Y (0.59)
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e (065 (0.65) (0.26) (1.25) (125) (0.56) (L84} (D.12)
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N, number of samples; TA, total ash; OM, organic matter; CP, crude protein; NDF. nevtral detergent fiber;
ADF, acid detergent fiber; HC, hemicellulose; Ce, cellulose; Ca, calcium.
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Table 3.7. Chemcal analysis of the cool dry season food plants of rhinos in Chitwan. The values are
percentage mean and parenthesis values refer o 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
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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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