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Fig. VI i) Distribution of rhino in different habitat suitability categories

a) Accuracy assessment based on relationship of habitat suitability and
animal sighting:

Accuracy assessment of the rhino habitat suitability map was also done
using correlation coefficient to understand the relationship between habitat
suitability and number rhino sighting. The suitability condition was taken as
an independent variable and number of rhino sighting was taken as dependent
variable. The result shows that there is a positive correlation between most
suitable habitat and number of rhino sighting (r = 0.682). This indicates that
the number of rhino sighting increases with the increase of most suitable
habitat in RG Orang NP. The figure VI j. shows the relationship between most

suitable habitat and number of rhino sighting.
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Fig. VI j. Relationship between most suitable habitat and number of rhino sighting

Similarly correlation coefficient was done between less suitable habitat and
number of rhino sighting. Here less suitable habitat was considered as
independent variable and the number of rhino sighting was considered as
dependent variable. The result shows a negative correlation between these two
variables (r = - 0.525). It indicates that the number of rhino sighting decreases
with the increase of less suitable habitat in RG Orang NP. The figure VI k.
shows the relationship between less suitable habitat and number of rhino

sighting.
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Fig. VI k. Relationship between less suitable habitat and number of rhino sighting

The above discussion on the accuracy assessment of the rhino habitat
suitability model of RG Orang NP shows that the output of the model is well
correspond to reality, hence it can be assumed that the model is accurate and
well validated and this model can be implemented in other rhino bearing areas

of Assam like Pabitora Wildlife Sanctuary and Kaziranga National Park.

6.3  Changes in rhino habitat suitability from 1987 to 2008:

The suitability condition of rhino habitat in RG Orang NP is dynamic
in nature. Integrating the historical habitat condition and current geo-spatial
dataset on rhino, a change detection of rhino habitat suitability in RG Orang

NP was done using GIS tool. The result shows a massive change in rhino
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habitat suitability pattern in RG Orang NP. It shows that the most suitable
habitat in the park has decreased up to 11.99% from 1987 to 2008. Similarly
moderately suitable habitat is also decreased up to 4.43% in the park from
1987 to 2008. But in case of less suitable habitat there is an increase of
16.68% from 1987 to 2008. This indicates that most suitable and moderately
suitable habitats for rhino in RG Orang NP has decreased from 1987 to 2008
and less suitable habitat has increases in the park during the same period of
time. These changes in the rhino habitat suitability condition are mainly due to
the changes in the land cover or habitat pattern of RG Orang NP. It has
already been discussed in the chapter III that the wet alluvial grassland in the
RG Orang NP is drastically reducing due to the impact of invasive species like
Mimosa inveas and also due to the excessive grazing pressure by domestic
cattle from 1987 to 2008. Rhino prefer wet alluvial grassland most in all the
seasons and this kind of habitat is considered as mostly preferred habitat for
rhino. Similarly due to the improper management of grassland habitat the rate
of succession from grassland to woodland in the park is high during the period
from 1987 to 2008, which has also its impact on the changes in rhino habitat
suitability condition in the park. The Map No. 54 and table VI c. shows the
changes in rhino habitat suitability in RG Orang NP from 1987 to 2008. The
figure Vi I. graphically represents the changes of rhino habitat suitability in

RGOrangNP.
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Table: VI c. Changes in rhino habitat suitability

Years Net Change
Suitability Category 1987 1999 | 2008 Area in km?
Area in km? 1987 to 1999 | 1999 to 2008
Most Suitable 29.26 24.87 | 19.81 -4.39 -5.06
Moderately Suitable 14.23 11.69 | 10.74 -2.54 -0.95
Less Suitable 35.31 42.24 | 48.45 +6.93 +6.21
50 W
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Fig. VI 1. Rhino habitat suitability change in RG Orang NP from 1987 to 2008

190




6.4 Discussion:

It is evident from the present study that the distribution of rhino in RG
Orang NP completely depends upon the habitat parameters like availability of
food plant, distance from water body, distance from road, distance from
human settlement, elevation, etc. The habitat parameters have tremendous
impact over the habitat utilization and suitability pattern of rhino in RG Orang
NP. From this study it is also clear that most suitable habitat for rhino in RG
Orang NP is only 19.81 km? which is 25.13% of the total geographical area of
the park. This indicates that most suitable habitat for rhino in the park is not
sufficient for the rhino population that have in the park. Immediate attention
should be taken to conserve the existing suitable habitat for rhino in the park
and measures should also be taken to expand the most suitable habitat of the
park from 25% to at least 40% to 45% of the total geographical area of the
park. The park managers should also take the initiative to increase the wet
alluvial grassland habitat in the park, which rhino prefer most in different
seasons throughout the year. This study also makes it clear that the suitability
status of the rhino is changing in the park with the changing pattern of land
cover types. The most suitable habitat for rhino in the park has drastically
reduced from 29.26 km? in the year 1987 to 19.81 km? in the year 2008. This

change is mainly due to the changes in the land cover pattern of the park. The
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wet alluvial grassland area in the park is decreasing in an alarming rate and its
leads to the decrease of most suitable habitat for rhino in the RG Orang NP.
The park authority should try to control the spread of invasive species like
Mimosa invesa and also the grazing pressure from the fringe villages of the
park to further reduction of wet alluvial grassland areas in the park. The
conservation and management of rhino habitat in RG Orang NP is discussed

in the chapter VII.

Finally from this study it is evident that geo-spatial technology has the
capability to evaluate the habitat suitability condition of wild animals.
Through spatial modeling in GIS environment it is quite possible to

understand the wildlife habitat suitability condition of any wildlife species.
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Chapter VII

Conservation and management of Rhino habitat in

RG Orang NP

7.1 Introduction:

Habitat management is the art and science of creating, maintaining
or enhancing conditions on the landscape to meet specified objectives for
population of wildlife. This requires an understanding of the types,
conditions and distributions of landscape features that meet the life

requisites of the species of interest.

Habitat management has become an important part of wildlife
conservation worldwide. Scientist and conservationist have made several
simulation studies designing models seeking ways for effective
conservation and management of wildlife. The management of habitat will
be of little value unless biologist or conservationist first determines an
animal’s habitat utilization pattern within a specific environment and then

consider the evolutionary and human disturbances that influence it.
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Conservation and management of grassland habitat in the Indian

subcontinent is a major challenge for managers of the protected areas.

Grasslands are formed in regions where climatic and topographic
factors prohibit growth of trees (Clements and Shelford, 1939). As per
Anderson (1982) Grasslands evolved under a system of grazing, drought
and periodic fire and almost all the existing grassland are maintained by
either of these or a combination of all these factors. The climax grasslands
are supposed to be absent in India, but grasslands as secondary stage are
common (Champion and Seth, 1968). Thefore, they are called as
preclimax (Champion and Seth, 1968). Ecologists think that the grasslands
of India owe their existence primarily to biotic factors, such as fire and
grazing or as secondarily as edaphic climaxes (Debadghao ef al. 1973,

Champion and Seth, 1968, Gadgil and Meher-Homiji, 1985).

India has little natural grasslands and much of that has been taken
over for cultivation (Whyte, 1964). A variety of modifications influence
the functioning of the grassland ecosystem. These are conversion of land
to agriculture, urbanization/human settlement, desertification, fire, grazing
by domestic livestock, fragmentation and the introduction of non-native

species (White et al. 2000)

Today, in India no major grassland is found outside the protected

areas and they are mostly limited to Wildlife Sanctuaries and National
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Parks. The grasslands however, do provide essential habitat for many of
India’s large mammals, including rhinoceros unicornis, wild buffalo,
swamp deer and several threaten species of birds like Bengal florican.
Maintenance of these mid succession grasslands especially as a wildlife
habitat to protect some of the key grassland species thus, depend upon
careful planning and management of these grasslands (Rodgers and

Sawarkar, 1988; Rahmani ef al. 1997).

Till very recently grasslands are considered as unproductive,
consequently administrative and political decisions in favour of regional
development have diverted large tracts of grasslands to other uses.
Grasslands are overgrazed, subjected to uncontrolled fire, taken over by an
abundance of weeds and subjected to degradation in the entire Indian

subcontinent.

In India, grassland maintenance is a new concept for wildlife
managers from forestry background, in many protected areas it is being
undertaken vigorously (Rodgers and Sawarkar, 1988). Annual burning,
either accidental or intentional, can regulate the structure and composition
of grassland vegetation (Rodgers, 1986). Fire is one of the most wide-
spread and functional ecological factor maintaining many grasslands of
the world (Daubenmire, 1968).However, the impact of fire are yet to be

fully understood in protected areas of India. Grazing, cutting and
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ploughing have drawn attention from management point of view in
different parts of the world. However, in wildlife sanctuaries and national
parks in India these factors have been maintained by annual burning and

disturbance factors like livestock grazing and thatch harvesting.

Use of remote sensing and GIS techniques in grassland monitoring has
a history of more than 30 years. Both fine- and coarse-grained remote sensing
techniques are used to monitor and study grasslands. Fine-grained techniques
are used to study landscape scale processes through the use of sensors
providing spatial resolution of a few meters, whereas coarse-grained
techniques are used to study catchment scale areas, and even entire biomes,
using satellite-based sensors with a spatial resolution of kilometers. Remote
sensing information is obtained from aerial photography, radar systems, video
systems, and satellite-based sensors including the Landsat satellites’
Multispectral Scanner (MSS) and Thematic mapper (TM) and the National
Oceanic and Atmospheric Administration (NOAA) polar orbiters’ Advanced
Very High Resolution Radiometer (AVHRR). Various normalized difference
vegetation indices (NDVI) have been developed and used extensively with
data from the Landsat sensors (MSS and TM) and NOAA’s AVHRR. The
NDVI has been used for grassland classification and inventory, monitoring
grassland-use change, determination of site productivity and herbivore
carrying capacity, water and soil conservation, integrated management of

grassland pests, and suitability for recreational use and wild life protection.
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Special techniques have also been developed for monitoring where fires occur
on grasslands. To date the remote sensing techniques have become a powerful
tool for scientists, farmers and policy makers to study and manage grassland
resources. World demand for sustainable development of grasslands will
increase the reliance on remote sensing as a tool in grassland management.

In this chapter, the focus has been given on the immediate effects of
practices as management intervention such as burning, grazing and cutting on
measured habitats such as grass community structure, population distribution
of rhino and other species of conservation importance. The current grassland
management in RG Orang NP involves widespread burning during winter and
pre-monsoon seasons. Other two issues which are playing major role in
maintaining grasslands in RG Orang NP are illegal livestock grazing and
invasive species like Mimosa invesa. This chapter also discussed about the
importance of geo-spatial technology in management and conservation of

rhino habitat in RG Orang NP.

7.2 Wildlife habitat management in India and Assam:

It is necessary to review the past and current management practices of
wildlife habitat in India and Assam as they bear direct relevance to the habitat
quality. These practices also establish managerial traditions, and create a

mindset that resist to new ideas.

203



Management of forests in India has been driven by the
institutionalization process of working plans since the year 1870s (FRI, 1961).
The Protected Areas (PAs) in India have a long history of vegetation
management. The majority of PAs were declared and managed as Reserve
Forest that dating back to the last century. The Indian Forest Service was one
of the earliest, to develop scientific management, geared to the production of

timber and other products of commercial value.

The first forest policy of 1894 (Govt. of India, 1894) recognized the
economic dependence of pastoral communities and of others who reared
livestock on grasslands. In view of their scattered nature, and the limited
resources of the Forest department, most such land areas were either excluded
from government control or were more or less ignored since they were not
productive in the sense of producing timber or other economically valuable
woods. The policy did not have any reference to wildlife or, the ecological

productivity of grassland.

The next National Forest Policy of 1952 (Govt. of India, 1952)
included most grasslands under category of village forests in recognition of
their utility as grazing areas for cattle and production of fodder and most of
the remainder were included in the unclassed or vested forests categories. The
biological values and ecological functions continued to be ignored and

grasslands were considered “unproductive” in the forest dictionary.

204



The first attempt to establish protected area in grassland of Assam was
during 1905 when Manas, Kaziranga and Laokhowa were created as Reserve
Forests for conservation of wildlife like rhino and elephant. However, the
interest of the Forest Department in the grassland of Assam was focused on
plantation of commercially valuable trees like sal (Shorea robusta) and khair
(Acacia catechu). In the year 1919, Mr. Milroy, Forest Officer had introduced
fire for first time to clear natural forest (even primary forest) for plantation of
commercially valuable trees in Assam (Working planning of South Kamrup

Division by P.C.Das, 1973-74)

The first attempt to bring wildlife management under a specified
wildlife or Protected Area plan came about in 1972 when this was made
mandatory for thr tiger reserves established under Project Tiger (Govt. of
India, 1972). It is increasingly realized that vegetation has conservation value
both as part of a biotic community (Project Tiger approach, e.g. Panwar,

1985) and in itself as a natural entity (the Biosphere Reserve approach)

The management of wildlife habitat and grassland in Assam also
started after 1972 and Prof Paul Lyhausen (IUCN cat specialist) had criticized
the burning practice in Manas Tiger Resreve during his visit in 1977 (Deb
Roy, 1986). The burning of grassland has been extensively used as a
management tool by Forest Department of Assam after 1972. However,

emphasis was never been given on fire surveillance and documentation.
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7.2.1 Attitude of administration and grassland management practices:

Grassland maintenance is a new concept for wildlife managers, those
who came from a forestry background. Wildlife managers are often
ambivalent in their attitude towards fire and successive managers in one area
may develop different fire policies. Rodgers (1986) mentioned that foresters
have been dealing with clearing of woody cover using fire under “working
plan” for the plantation commercially valuable trees. However, in grassland
burning differs from clearing vegetations to maintain field layers (different

vegetation covers) is important for many grassland dependent species.

The impacts of fire on wildlife are commonly overlooked since they
most often act indirectly through changes in the vegetation. It has often been
observed that frontline staff put fire unsystematically in the grassland, without

any scientific guidelines.

The reasons for promoting fire as a grassland management tool by the

foresters are as follows

a) Preventing succession from grassland to forest

b) Preventing succession from shorter grasses to taller grass
communities which is less favored by ungulates

) Providing ungulates with high quality forage as the grassland
regenerates

d) Regulating the amount and type of grassland accumulation
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e) Recycling nutrients

f) Reducing the incidence of insect and fungal disease attack.

With the exception of ungulate of regeneration swards, these claims
are largely based on anecdotal information (Bell and Oliver, 1992), with the
result that management has largely been based on rumor and a tradition of
burning. Although burning has been focused for the mammal, however, there
is a strong contrasting evidence that widespread burning has been deleterious
to less mobile species and species that are less tolerant of disturbance,
including turtles, pygmy hog (Oliver, 1980) and hispid hare (Bell et al. 1991).
Following widespread fire, the grassland dependent species get confined to
small refugia of unburned grassland patches or are force to move into sub-
optimal habitat, where they are vulnerable to predation, poaching and
disturbance. Very little information available on many faunal groups
(particularly the herpetofauna and invertibrates) in the grasslands, it seems
likely that there will be other biodiversity that are severely affected by the

practice of widespread burning.

7.3  Conservation status of rhino habitat in Rajiv Gandhi Orang
National Park:

The current conservation status of rhino habitat in RG Orang NP was
assessed using a grid based survey of the park and GIS analysis (Ibisch, et al.
2003). A total 352 grids were generated for the entire RG Orang NP covering

500 m. X 500 m area in each grid. All the 352 grids were extensively
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surveyed and information on habitat condition for wildlife, livestock grazing
pressure, presence and absence of invasive species (Mimosa invesa) and
vulnerability of natural hazards (flood) were collected from each grid. Based
upon the collected information of each grid, hypothesis, condition/rules and
confidence value for each grid was assigned using knowledge engineer tool
available in ERDAS Imagine 9.2 software. Confidence values are associated
with each condition and these are always assigned by the knowledge engineer
depending upon the importance of the input data. If the input data is
important, a high confidence value is given. The table VII a. shows the
hypothesis, conditions/rules and confidence values for each rule to prepare the

conservation status map of RG Orang NP.
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Table: VII a. Hypothesis, rules/conditions and confidence value used in the
classification of conservation status of RG Orang NP.

Hypothesis Rules/Conditions Confidence
Value
Excellent Excellent habitat quality 0.90
Conservation
Status No livestock grazing 0.90
No invasive species 0.90
Less vulnerable to natural hazards 0.80
Good Good habitat quality 0.70
Conservation
Status Less livestock grazing (less than 20%) | 0.70
Presence of invasive species (less than | 0.70
30%)
Vulnerable to natural hazards (flood & | 0.60
erosion)
Bad Bad habitat quality 0.50
Conservation
Status More livestock grazing (more than | 0.50
50%)

Presence of invasive species (more | 0.50
than 50%)

More vulnerable to natural hazards | 0.40
(flood & erosion)

Source: Researcher

The result of the conservation status model of the RG Orang NP shows that
out of 352 grids, 172 grids have bad conservation status and their distribution
is found mainly along the park boundary. These are the grid where habitat
quality for rhino and other wild animals are quite bad, livestock grazing

pressure is high, impact of invasive species is extensive and more vulnerable
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to flood and erosion by the river Brahmaputra, Dhansiri and Pachnoi. A total
106 grids shows good conservation status in RG Orang NP and their
distribution is mainly in the center part of the park and only 74 grids shows
excellent conservation status in the RG Orang NP and their distribution is
mainly concentrated in the core area of the park. The conservation status of

RG Orang NP is shown in the Map No. 55
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7.4  Current management practices of rhino habitat in Rajiv Gandhi
Orang National Park:

a) Burning:

Grassland burning in RG Orang NP is a major habitat management
practice for conservation of rhino habitat in the park. Burning in RG Orang
NP is generally starts in the month of December and it continues up to month
of March in every year. During the study period from September 2008 to
September 2009 it was observed that grassland burning was extensively done
by the park authority from December, 2008 to March, 2009. The main reasons
for promoting burning in grassland areas of RG Orang NP is already discussed
in above, but during study  period it was observed that most of the cases
unscientific burning was occurred in the park. This is mainly due to the lack
of awareness about the impact of burning on animals and birds among the
ground staff. It was also observed that lots of turtles and tortoises of
conservation importance as well as birds burnt out due to the unscientific
burning by the ground staff and it is a serious concern for the conservation of
those species in the park. Immediate attention should be given to make the
ground staff aware about the impact of burning on small mammals,
herpetofauna and birds. Patch burning method is highly recommended in RG
Orang NP for habitat management of not only for rhino but also for other

animals of the park.
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b) Control over livestock grazing:

In case of control over livestock grazing inside the park very limited
attention has been given by the park management in RG Orang NP. The
eastern most part of the park is completed degraded mainly due to the over
grazing by the livestock from the nearby villages. Similarly western most part
of the park is also vulnerable to the severe livestock grazing. During the study
period it was observed that approximately 1000 to 1500 cattle enter in to the
park every day and they act as a competitor for wild animal particularly
herbivorous species like rhino and deer of the park. This has adversely
affecting the wildlife habitat of RG Orang Park. Immediate attention and
protection should be given in the eastern and western boundary of the park to

reduce the pressure of livestock grazing in the park.

¢) Control over invasive species (Mimosa invesa):

The impact of invasive species like Mimosa invesa over the wildlife
habitat of RG Orang NP is quite extensive and prominent. Till now no
management practice has carried out in the RG Orang Park for uprooting of
Mimosa invasa and now it is a major threat to the rhino habitat of the park.
The Mimosa invasion was first reported from the park in year 2003-04,
especially areas along the Brahmaputra River. The invasion of Mimosa has
been observed rapidly in the park. Total of 11.56 km? area is under Mimosa

invasion in the park and affect is more western part along the Brahmaputra
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River. This invasion has resulted into disturbance and disruption of rhino
habitat in Orang and there is a competition among grasses and Mimosa for
space and nutrient. There has been an increasing in straying of rhino from the
park. As rhino habitat is decreasing due to invasion weed there might be

increasing in stray out of rhino.

7.5  Habitat Management Recommendation:

A number of key management issues that are need to be address.
While making these recommendations the long term conservation of
mammals, birds, reptiles and all other lower group which are dependent on

grassland were also considered.
These are
7.5.1 Enforcement:

Following illegal activities must be stopped

a) Livestock grazing: Livestock grazing should be totally stop in
grassland, especially in the eastern and western boundary of the RG
Orang NP. The cattle of the fringe villages of the eastern and western
boundary of the park are serious problem for the park. Measures
should be taken that in no case the domestic cattle from the fringe
villages should not be allowed inside the National Park.

b) Thatch harvesting: Organized and extensive thatch collection must be

stop inside the park.
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c)

d)

Poaching: Poaching and poisoning of rhino and tiger must be stop in
the park for immediately. Park authority should take immediate
attention to reduce poaching of rhino and other animals in the park.
Hunting of small mammals or trapping birds and collection of egg of
bird must be stopped.

Illegal burning: In RG Orang NP the fringe villagers use to burn the
grassland in the peripheries particularly in the eastern and western
boundary mainly to get better grazing field for livestock. Moreover
they also burn the grassland to get a better view of the raiding animals
into the crop field. Similarly unscientific burning by the park authority
particularly by the lower level forest guards should stop in the park.
Patch burning should implemented with immediate effect.
Encroachment: The fringe villagers of the RG Orang NP has a
tendency to encroach the park area, particularly in the western most
park of the park near Hazarbigha camp. Park managers should take

immediate attention to prevent this encroachment.
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7.5.2 Sensitization of the management authority from ecological angle:

Plantation of trees in the grassland should not be encourage and

must be stopped.

A dedicated section within the management plan for “Grassland

Burning Action Plan”, be made. This should incorporate

a)

b)

d)

A working document with all available background data
including a GIS based map into a working document.

Although existing road network, streams and wetlands are
acting as fire line during burning, but fire lines must be
developed in areas where natural barriers are absent to do the
patch burning practices of the grassland.

Same area should not be burnt every year. Repeated burning
should be avoided in a same location in the same season, as
repeated burning encourages invasion of lemon grass and other
unpalatable species.

No burning should start without a clear knowledge of where
and how it is to be under control.

A patch-mosaic burning techniques has been widely used
throughout the world for grassland management and it is same
as traditional burning, where patches are kept unburnt. The
technique has been accepted by protected area managers world

wide as the understanding of grassland and its related
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g)

h)

biodiversity is not yet fully understood. Burning of tall grass
patches is essential to improve the grassland as feeding
grounds to ungulates. As these patches also provide breeding
and escape cover to rhino, tiger, large number of birds,
herpetofauna. Few patches of such grassland should left
unburnt so that feeding ground, cover for escape for breeding
are simultaneously available.

Burning should not be done at night to avoid the reduction of
animal death.

After burning the burnt area should be carefully monitored and
mapped that will help to interpret post-fire changes and to
improve the scientific basis of future burning management of
the protected area.

Accurate and detail records of the grassland burning should be
maintained.

Eradication of invasive species like Mimosa invesa is must to

restore the grassland of RG Orang NP.
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7.5.3 Research priority of wildlife habitat:

L

I1.

1.

IV.

An assessment of weed invasion in grassland required
immediate attention. Types and extent of invasion and specific
research studies addressing their control either manually or
biologically. Is there any relationship between buming and
invasion of alien species?

Inventorization of the small mammals, herpetofauna and
invertebrate groups in grassland and the associations of them
with grassland species assemblages to be identified.

Is the current grazing and burning regimes are compatible with
successful breeding output of rhino and other animals? This
aspect is still unknown and requires further study urgently.
Monitoring the habitat of rhino and their behavioral study
should also be done at regular interval to understand the impact
of climate change on rhino and their habitat.

There is also a need to understand the seasonal changes in

grass assemblage utilization by mammalian species.

7.5.4 Training and manpower development with involvement of fringe
communities and NGOs:

L.

Frontline staff should give proper training on impact of burning

and grazing on the species like rhino, tiger and other wild animals.
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II. NGOs should be involve during burning season like department
has been involving NGOs in census and during flood period. The
volunteers from NGOs would be help forest officials in monitoring
and minimizing adverse affect of burning.

III. To explore the possibilities, from new angle of involving local
communities in the management of the wildlife habitat. Eco-
development activities be modified to suite such situation.

A combination of the above mentioned recommended management activities
will certainly maintain the grasslands of RG Orang NP and other protected
area located in Brahmaputra flood plain of Assam. This will not only maintain
the grassland in primary condition but will also ensure the long term survival
of some of key grassland bird and mammal which are highly threatened.
These activities will also help other grassland dependent or associated species

and will act as a role model for similar areas.

7.6 Role of Geo-Spatial technology in wildlife habitat
management:

The role of geo-spatial technology in wildlife habitat management is
quite important and significant. Computer based Decision Support System

(DSS) has been a popular concept since the emergence of information

technology. Database technologies hosted on powerful computers have been

adopted to prepare decision support systems in various application areas. The
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biodiversity conservation planning and management is no exception.
Conservationists and decision makers have been involved in generating huge
databases on the species, its status, habitats, socio-economic impacts, threats
to its existence etc. Such alphanumeric information gives scientific basis for
decision-making. However, with the availability of spatial data from remote
sensing and advances in Geo-informatics, researcher and managers are
witnessing the paradigm shift from ‘conventional’ Decision Support System

to the Spatial Decision Support System (SDSS).

Spatial decision support system for natural resource management is
computer base tools that tightly integrate decision theory models with
ecological models and GIS analyses and mapping. The information provided
by SDSS gives decision makers increased ability to follow outcomes of
interacting variables, improves the reproducibility of decision, and documents
the reason why (with conflicting alternatives) a particular choice was made
(Rauscher 1999). Till the availability of spatial information from remote
sensing data, not much thought was given to the spatial dimension to decision
support system. In fact, any decision involving conservation issues invariably
considers geographical parameters such as location, distance, direction,
proximity, adjacency, topography, etc. and there was long pending demand for
providing “spatial dimension “ to the alpha-numeric decision support system

dedicated to biodiversity conservation and management (Ravan 2002).
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During the course of this research an attempt has been made to
develop a Spatial Decision Support System for RG Orang NP using geo-
spatial tools and computer technology. A spatial database was prepared using
remotely sensed satellite images, ground data collection and GPS technology.
These databases were fed in to GIS domain to prepare the SDSS of RG Orang
NP. The primary and secondary spatial data collection and their processing
were already discussed in chapter II. Here we will discuss on SDSS of RG
Orang NP. For preparation of the SDSS of RG Orang NP, open source
software named as Map Server was used to integrate all the geo-spatial
information of RG Orang NP. Customizations of all the layers were done
using programming language named as xml. Here in this SDSS all the spatial
information derived or gathered during the research period were integrated
and was brought into a single platform. The advantage of this SDSS is that it
is quite user friendly as it does not required any professional GIS software,
only internet explorer is required to visualize this mapping application of RG
Orang NP. This SDSS of RG Orang NP is already shared with the park
managers for conservation and management of rhino habitat in the park. The

Map No. 56 shows the screen shot of the SDSS of Orang NP.

220



9s ‘oN depy

BJEP PRy U0 pIseq JYIaeasai Aq paredaug :30anog

PESIEETE BUOT THIVS 9T 1 LILVES 0££2P6T LS160S TBLI PP P1I1E6 ILPOEET SESLLS LPOSTY Wowed doiy SOISSERHEYY: | oeog dey

1oy dwmas puosees [
fpoqrpEm -
pwslig |
puv]sseid PIATTE 194
pue]ssesd qeuwRaRg A1Q
waogpepadeq
puv]ssel® jstopy

Bropoor0oEO0O0O0




7.7 Discussion:

From the above discussion it is clear that wildlife habitat management
is a science and proper understanding of the habitat management practices is a
pre-requisite for any wildlife manager. It is also clear that in RG Orang NP
habitat management for rhino and other wild animals is not done properly and
scientifically. The main cause behind this unscientific management of rhino
habitat in the park is due to the unawareness about the scientific habitat
management practices among the ground staff. Though the grassland burning
is practiced in the park on time to time basis, but unscientific burning has
damaged the habitat as well as wild animal species in the park extensively,
particularly reptiles, amphibians and birds. So through this study it is
recommended to adopt practice patch burning method for proper management
of wildlife habitat in the park. This study also shows that there is very limited
activity carried out by the park authority to minimize the livestock grazing
pressure in the park from the nearby villages. This study reveals that livestock
grazing has extensively damage the rhino habitat in the park. It is also
recommended through this study that immediate attention should be given to
minimized the livestock grazing in the park. Similarly the impact of invasive
species like Mimosa invesa over the rhino habitat is quite extensive in the park
and because of the invasion rhino habitat in the park is gradually degraded at a
massive and alarming rate. Through this study it is recommended to take

immediate attention to uproot the Mimosa invesa from the park. Here in this
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study recommendation is given for further research on controlling the invasion
in the park. Through this study it is also recommended to give training to the
ground staffs in the park and to take help from the NGOs during the burning

period.

This study also shows the importance of geo-spatial technology in the
habitat management practices. Maps and spatial information of a national park
provide the support to the decision makers or park managers for conservation
and management of wild animals and their habitats. Through this study a
spatial decision support system for RG Orang NP was developed entitled as
“Orang National Park Information System” and already shared with the park
authority for conservation and management of rhino and its habitat in the
park. This SDSS will be quite helpful for park managers for proper

management and conservation of rhino habitat in RG Orang NP in near future.
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CHAPTER - VIII



Chapter VIII

Summary and Conclusion

The Greater one-horned rhino (Rhinoceros unicornis) the most primitive mega
herbivore species, represents the vanishing group of ungulate and is now confined to
a few protected areas of India and Nepal. Earlier, the one-horned rhino was widely
distributed throughout the Indo-Gangetic plain and its neighbouring countries from
Pakistan to Myanmar. But due to the tremendous anthropogenic pressure the rhino
habitats of Indo-Gangetic plain was fragmented and now it is evident from the
present distribution of one-horned rhino is limited to certain pockets of the Himalayan
Terai region of Nepal, Jaldapara Wildlife Sanctuary and Garumara National Park of

Ganga and Teesta valley and Brahmaputra valley of Assam, India.

The present research is an attempt to understand the rhino habitat suitability
pattern, seasonal variation of habitat utilization pattern of rhino, the habitat change
and its impact on the habitat suitability condition of rhino in RG Orang NP. The study

is divided into eight chapters.

Chapter I encompasses the research problem, its goal and significance. It also
includes the relevant review of research in the related fields, which forms the basic

foundation and direction of the study.
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The chapter 11 deals with database and methodology used for this study.
Satellite imageries of Landsat TM and IRS P6 LISS Il of 1987, 1999 and 2008 were
used to understand and evaluate the current and past rhino habitat pattern in RG
Orang NP. Change detection analysis of land cover pattern of RG Orang NP was
done using overlay approach of the multi temporal classified images using image
processing software ERDAS Imagine 9.3. Similarly to understand the rhino habitat
utilization pattern in the park direct monitoring of rhinos in different seasons of the
year was done with the help of trained elephants that were available with the RG
Orang NP authority. Monitoring of rhino during pre-monsoon, monsoon, retreating-
monsoon and winter seasons were done in the park to evaluate and assess the seasonal
variation of rhino habitat utilization pattern in RG Orang NP. Finally a rhino habitat
suitability model was generated based on the parameters collected with the help of

field visits and by observing their relationship with the environment.
Chapter II is the detailed methodology adopted for this research work.

The chapter 111 deals with the current rhino habitat evaluation and land cover
change in RG Orang NP over a period of 20 years and its impact on rhino habitat in
the park. Nine categories of land cover patterns are identified in RG Orang NP based
on field visits and satellite data for better understanding and analysis of the results.
The categories are the Eastern Himalayan moist mixed deciduous forest (dense),
Eastern Himalayan moist mixed deciduous forest (open), Dry savannah grassland,

Wet alluvial grassland, Eastern seasonal swamp forest, Degraded grassland, Water

227



body, Dry sand and moist sand. Wet alluvial grassland covers the maximum area in
the park with area coverage of 20.54 km? (26.06%) followed by Eastern Himalayan
moist mixed deciduous forest (dense and open) 20.38 km? (25.86%). Dry savannah
grassland is covers an area of 14.17 km? (17.98%) in the park. Degraded grassland in
the park covers an area of 12 km? (15.23%) and it is a serious concern for rhino
conservation in RG Orang NP. The Eastern seasonal swamp forest is covers an area
of 1.36 km? (1.72%) in the park and their distributions are concentrated along the
rivers and drainage system of the park. Water body covers an area of 6.48 km?
(8.22%) in the park. Sandy area covers 3.87 km? (4.91%) in the park and its
distribution is found in the river or along the river. Chapter III deals the land cover
change dynamics pattern in RG Orang NP. The Eastern Himalayan mixed moist
deciduous forest (dense) has an increasing trend of 6.8 (8.62%) km? in 1987 to 8.63
km? (10.95%) in 1999 and up to 9.84 km? (12.48%) in 2008. The Eastern Himalayan
moist deciduous forest (open) has also an increasing trend from 1987 to 2008. The
area covered by Eastern Himalayan moist deciduous forest (open) was 7.6 km? in
1987 (9.64%) and it increased up to 10.54 km? (13.37%) in 2008. In case of Dry
savannah grassland, an increasing trends of 6.88 km? (8.73%) to 12.41 km? (15.74%)
and up to 14.17 km? (17.98%) in 1987, 1999 and 2008 respectively have been
observed. The wet alluvial grassland has a decreasing trend in1987 to 2008 covering
areas of 30.63 km? (38.87%) to 20.54 km? (26.06%) respectively. This decrease of
wet alluvial grassland in the park is due to the invasive species like Mimosa invisa.

The degraded grassland has an increasing trends from 6.86 km? (8.71%) in 1987 to
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10.35 km? (13.13%) in 1999. From 1999 to 2008 it has witnessed an increasing trend
and reached up to 12 km? (15.22%) of area. The Eastern seasonal swampy forest was
reduced from 3.1 km? (3.93%) in 1987 to 2.51 km? (3.18%) in 1999. It has again
shows a decreasing trend from 1999 to 2008 covering an area of 1.36 km? (1.72%).
The water body, was found to be reduced from 5.76 km? (7.31%) in 1987 to 3.13 km?
(3.97%) in 1999. However, from 1999 to 2008 it increased up to 6.48 km? (8.22%),
which is due to erosion caused by the river Brahmaputra, Dhansiri and Pachnoi. In
case of river sand or sandy area it shows a decreasing trend from 1987 to 2008. The
area under sand in 1987 was 10.45 km? (13.26%), which was reduced to 4.69 km?
(5.95%) in the year 1999, and finally it got reduced to 3.87 km? (4.91%) in the year
2008. These changes in land cover pattern in RG Orang NP has adversely effects the
rhinos and their habitat pattern in RG Orang NP.

The chapter III is about the detailed historical account of bank line erosion
and depositional scenario of RG Orang NP from 1987 to 2008. The study reveals that
there was deposition in the park by the river Brahmaputra in the year 1987 to 2008.
During the year 1987 to 1999 recorded an erosion of about 0.23 km? in RG Orang NP
where as deposition was recorded about 9.48 km? during the same period. Similarly in
the year 1999 to 2008 the erosion was 2.54 km? and 0.18 km? of deposition caused by
the river Brahmaputra in the park. Thus the trend shows that the deposition was more
than the erosion during the period of 1987 to 1999 and 1999 to 2008.

The chapter IIl also deals with the impact of land cover change on rhino

habitat. The study reveals that there is a significant change of rhino habitat in RG
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Orang NP during the period of 1987 to 2008. The habitat change in RG Orang NP are
caused due to the non-implementation of habitat management/manipulation
programmes which are pre-requisite for supporting viable population of flagship
animal like the Indian rhino. The other factor for the change is due to the rapid spread
of invasive species like Mimosa invesa and grazing of animals of the neighbouring

villages in the park areas.

The chapter IV deals with seasonal variation of rhino habitat utilization
pattern in RG Orang NP in the year 2008-2009. The study shows that the Indian rhino
uses about 59.56 percent of wet alluvial grassland habitats, followed by 24.59 percent
dry savannah grasslands, 13.11 percent woodland habitats and 2.74 percent of
wetlands habitat in RG Orang NP. The habitat data was collected during the period of
September, 2008 to September, 2009. During the field study out of 183 rhinos, 109
rhinos were sighted in wet alluvial grassland habitat, followed by 45 rhinos in dry
savannah grassland, 29 rhinos in woodland and wetland habitat. The seasonal
variation of rhino habitat utilization pattern shows that, the rhinos of RG Orang NP
have used 61.84 percent of wet alluvial grasslands, followed by 22.36 percent of dry
savannah grasslands, 15.60 percent of woodland and 0.20 percent of wetland habitat
during pre-monsoon season. During monsoon season rhinos have used 48.71 percent
of wet alluvial grasslands, followed by 35.89 percent of dry savannah grasslands,
12.82 percent of woodland and 2.58 percent of wetland habitat in RG Orang NP.
During retreating monsoon season rhinos have used 65.62% of wet alluvial grassland

followed by 21.87 percent dry savannah grassland, 12.50 percent woodland and 0.01
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percent of wetland habitat in the park. In the winter season rhinos have used 61.11
percent of wet alluvial grassland followed by 19.44 percent dry savannah grassland,
11.12 percent woodland and 8.33 percent wetland habitat in RG Orang NP. The
overall result shows that in all the seasons of the year 2008-2009, rhinos have

preferred mostly wet alluvial grasslands in RG Orang NP.

The chapter V is the detailed account of the spatial distribution of rhino
habitat at micro level. There are 18 blocks in RG Orang NP developed by park
authority for the convenience of conservation and management of rhino habitat in the
park. Habitat evaluation study of each block was carried out using satellite imagery at
micro level with proper ground survey and verification. The Brahmaputra block
covers an area of about 8.81 km? which is 11.18 percent of the total geographical
area of the park which is the biggest of all. The Pabhomari block is the smallest
which covers an area of 2.22 km? i.e. 2.82 percent of the total geographical area of the
park. The block wise habitat evaluation shows that different habitat types are
prominent in different blocks in RG Orang NP. The eastern Himalayan moist
deciduous forest (dense) is more prominent in Rahmapur A block which has 30.93
percent of the total geographical area coverage and is the highest in percentage. The
Eastern Himalayan moist deciduous forest (open) is more dominated in the Baghmari
block has 22.52 percent of the block and is the highest in percentage. In case of wet
alluvial grassland, the concentration is in Satsimalu block with a 56.69 percent of the
total geographical area. In case of dry savannah grassland maximum concentration is

found in Rahmanpur B block. It has 46.15 percent of the total geographical area and
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has the highest in percentage of area coverage. Degraded grassland is more
prominently seen in Belsiri block covering an area of 20.28 percent of the total block.
Eastern seasonal swamp forest has its highest concentration in Jhawani block
covering 13.56 percent of the total area of the block. In case of sandy area highest
concentration is found in Brahmaputra river block covering 32.62 percent of the total
area of the block. In case of water body highest concentration is seen in Brahmaputra
river block covering an area of 48.88 percent of the total geographical area of the

block.

The chapter VI deals with the rhino habitat suitability assessment and
modelling in RG Orang NP. In this chapter discussion is about the changing nature
of rhino habitat suitability condition with the changing land cover pattern in RG
Orang NP. The study reveals that out of 78.8 km? about 19.81 km? (25.14%) area is
most suitable habitat for rhinos in the park followed by 10.74 km? (13.63%)
moderately suitable habitat and 48.45 km? (61.48%) area is less suitable for rhinos in
the park. This shows that most suitable habitat for rhinos in the park are not sufficient
for the existing population of rhinos in RG Orang NP for their growth and
development. Therefore, an urgent attention is needed by the park authority how to
increase the most suitable habitats for relocation and restocking of rhinos in RG
Orang NP from Pabitora Wildlife Sanctuary and Kaziranga National Park. The study
also shows that the habitat suitability condition for rhinos in RG Orang NP is
changing with the changing in land cover pattern of the park. The most suitable

habitat for rhinos in the park has reduced from 29.26 km? (37.13%) in the year 1987
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to 19.81 km? (25.14%) in the year 2008. On the other hand the less suitable habitat for
rhinos in the park has increased from 35.31 km? (44.81%) to 48.45 km? (61.48%)
from 1987 to 2008. These changes are due to the changing land cover pattern of the
park. The wet alluvial grassland area in the park is decreasing in an alarming rate and

thus most suitable habitats for rhinos are decreasing in the RG Orang NP.

The chapter VII deals with the conservation and management of rhino habitat
in RG Orang NP. In this chapter habitat management practices in RG Orang NP are
discussed and conservation status of the park is also assessed. Some habitat
management recommendations are suggested in this chapter for proper conservation
and management of rhino habitat in RG Orang NP. Importance of geo-spatial
technology in wildlife habitat management was also elaborated in chapter VII. A
spatial decision support system for RG Orang NP was developed by the researcher for
the RG Orang NP park authority for conservation and management of the park in a
more systematic and scientific way. The name of the system is Orang National Park
Information System and it is a web based GIS mapping application which will be
useful for the park authority in near future in their conservation effort. The detail of

the system is also discussed in the chapter VII.

The chapter VIII illustrates and summarized all the seven chapters of the
present research. The major findings of the current research are also incorporated in

the chapter VIII.
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Appendix -1 a.
Vegetation Survey Datasheet

Date:
Lat.:-

Long:-

SL Grid No. Species Composition
No




Appendix —1 b.

Rhino Monitoring Datasheet

Name of the data collector:

Date: ] Time:

Season: Pre monsoon/ Monsoon/ Retreating Monsoon/ Winter

March — May/ June — Aug. / Sept. — Nov. / Dec - Feb.

GPS Point: Weather:
N Rainy / Cloudy/ Clear/
E Fogy
Elevation: -——m.
Vegetation Type Rhino Type
Male
Female
Juvenile
Block Name:
Specific Identification Character

Remarks

ii
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