An Ecological Assessment of Forest Spatial
Heterogeneity, Species Diversity and Grassland
Burning Practices in Terai Conservation Area

Ph.D.Thesis in
Wildlife Science

Submitted to the

Saurashtra University
Rajkot (Gujarat)

by
Harish Kumar

Wildlife Institute of India

Post Box No. 18, Chandrabani
Dehradun — 248 001, India

September, 2002



RN T-<Ng 1
Wildlife Institute of India

P.K. Mathur, Ph.D.

Prof. & Head

Deptt. of Landscape Level Planning & Management
Faculty of Wildlife Science

email: mathurpk@wii.gov.in

27 September, 2002

Certificate

This is to certify that the thesis of Mr. Harish Kumar entitied “An Ecological
Assessment of Forest Spatial Heterogeneity, Species Diversity and

Grassland Burning Practices in the Terai Conservation Area” is an original
piece of work, submitted to the Saurashtra University, Rajkot (Guijarat), for the award of the
Doctor of Philosophy in Wildlife Science.

Mr. Harish Kumar has put in more than six terms of research work embodied in this
thesis under my guidance and supervision. The work presented in this thesis has not been
submitted for any degree of any other University or Institution.

P ke lnadine
[P.K. Mathur] = [ -\250 2
Supervisor

Forwarded

p
e

[V.B. Sawarkar] ~ 277
Dean and Director

Wildlife Institute of India

Dehra Dun - 248 001 (Uttaranchal)

Post Box No.18, Chandrabani, Dehradun - 248001. India
EPABX: +91-135 - 640111 to 640115, 640990: FAX: 640117; GRAM: Wl.l..DLIF.E
E-Mail: wii@wii.gov.in




Contents

Acknowledgements
Summary

Chapter 1: Introduction

1.1 The Preamble — Conservation Challenges
1.2 The Holistic Approach
1.3 The Major Project
1.4 Terai Conservation Area — A Fragile and Diverse Landscape
1.5 Historical Background
1.6  Information Review
1.7  The Aim
1.8 The Objectives
1.9 Study Area — Location and Size
1.10  TCA - Physiographic Conditions
1.10.1  Topography

1.10.2 Soils
1.10.3  River and Water Bodies
1.10.4 Climate

1.10.4.1 Climate Pattern

1.11 Organization of the Thesis
Chapter 2: The Landscape and Forest Spatial Heterogeneity

2.1 The Landscape Perspective and Spatial Heterogeneity
2.2  Forest Fragmentation
2.3 Landscape Characterization
24  TCA - A Featured Landscape
25 The Methodology

2.5.1  Field Reconnaissance and Review of Literature

2.5.2 Landscape Heterogeneity and Characterization

2.5.2.1 Landscape Metrics
2.5.2.1.1 Measures of Patch Characteristics

Vii-x
Xi-xXxviii

1-15

© © © 00 N O O N W WN —

e T S U N
Ol = a O

16-71

16
18
19
20
21
21
22
24
26




2.6

2.7

The Results

2.5.2.1.2 Measures of the Spatial

Arrangements of Patches

2.5.2.1.3 Measures of Distance and Spatial

Intermixing

2.5.2.1.4 Patch Distribution

2.6.1  Landscape/Land Cover Types

2.6.1.1
2.6.1.2
2.6.2.3
2.6.14

2.6.2.1

2.6.2.2

2.6.2.3

Conclusion

Landscape

Forestedland

Constituent Areas

Comparison of PAs and MFs
2.6.2 Spatial Heterogeneity and Landscape Metrics

Landscape Level

2.6.2.1.1
2.6.2.1.2

2.6.2.1.3
2.6.2.14
2.6.2.1.5
2.6.2.1.6
2.6.2.1.7

Area Metrics

Patch Density, Patch Size and
Variability Metrics

Edge Metrics

Shape Metrics

Core Area Metrics

Diversity Metrics

Contagion and Interspersion Metrics

Class (Patch Type) Level

2.6.2.2.1
2.6.22.9

2.6.2.2.3
2.6.2.24
2.6.2.25
2.6.2.2.6

Area Metrics

Patch Density, Patch Size and
Variability Metrics

Edge Metrics at the Class Level
Shape Metrics at the Class Level
Core Area Metrics

Interspersion and Juxtaposition at
the Class Level

Patch Level

2.6.2.3.1
2.6.2.3.2

Distribution of Patches in Landscape

Distribution of Patches in the
Constituent Areas

ii

29

29

30
31
31
32
32
34
35
37
38
39
39

41
42
43
44
46
47
47
48

50
52
o4
54

57
o7
60

60




Chapter 3: Forest Vegetation

3.1  Forest Vegetation
3.2  Methods of Vegetation Assessments
3.2.1  Stratification and Sampling
3.2.2  Forest Vegetation
3.2.3 Grasslands
3.24  Vegetation Analyses
3.3  The Results — Forest Vegetation
3.3.1  Vegetation Types
3.3.1.1 Tropical Semi-Evergreen Forest
3.3.1.2  Sal Forest
3.3.1.3  Sal Mixed Forest
3.3.1.4  Chandar Sal Forest
3.3.1.5  Moist Mixed Deciduous Forest
3.3.1.6  Tropical Seasonal Swamp Forest
3.3.1.7  Khair and Sissoo Forest
3.3.1.8  Plantations
3.3.1.9 Upland Grassland
3.3.1.10 Lowland Grassland
3.3.1.11  Tamarix Scrub
3.3.2 Species Composition
3.3.2.1 Landscape
3.3.2.2  Constituent Areas
3.3.2.3  Vegetation Types
3.3.3  Forest Diversity — Trees
3.3.3.1 Importance Value Index (V1)
3.3.3.1.1 VI Landscape
3.3.3.1.2 VI - Constituent Areas
3.3.3.1.3 IVl - Vegetation Types

3.3.3.1.4 Family Importance Value (FIV)
Indices

3.3.4  Shrub Diversity
3.3.4.1 Landscape
3.3.4.2  Constituent Areas

iii

72-159

72
72
72
73
78
78
82
82
83
83
86
86
86
87
87
88
88
89
89
89
89
98
100
101
102
102
111
114
115

121
121
123




3.4

3.34.3  Forest Types
3.3.5  Herb Diversity
3.3.5.1 Landscape
3.3.5.2  Constituent Areas
'3.3.5.3  Forest Types
3.3.6  Diversity Indices
3.3.7 Tree Regeneration
3.3.7.1 Timber Species
3.3.7.2  NTFP Species
3.3.7.3  Fruit Bearing Tree Species
3.3.8 Grassland Diversity
3.3.8.1 Grassland Classification
3.3.8.2  Species Composition

3.3.8.3 Grassland Distribution and Succession
Conclusion

Chapter 4: Faunal Diversity, Habitat Use and Conservation Concerns

4.1
4.2

4.3
4.4

4.5

Overview
Faunal Diversity in TCA
4.2.1 Invertebrates

4.2.2 Fishes
4.2.3 Amphibians
424 Reptiles
425 Birds

4.26 Mammals — Focal Species

Methods — Habitat Use

The Results

441  Wildlife Use

4.4.2  Cluster Analysis and Similarity Index
4.4.3 Habitat Selection

Wildlife Issues, Concerns, and Implications
4.5.1  Forest and Grassland Habitats

4.5.2 Aquatic and Wetland Habitats

4.5.3  Wildlife Populations

iv

124
128
128
129
130
131
132
132
136
139
141
141
146
150
153

160-177

160
161
161
161
161
162
162
163
164
165
165
170
171
171
171
175
176




—<—

Chapter 5: Grassland Burning Practices — An Experimental Trial 178-218
5.1 The Tall Grasslands 178
5.2 Current Knowledge 180
9.2.1  Grassland Diversity 180

5.2.2  Grassland Management and Faunal Conservation 182

5.3  Grassland Management Practices in TCA 183
54  The Experimental Trial 185
5.4.1  Experimental Design 185

5.4.2  Field Sampling 187
9.4.2.1 Biomass Production 187

5.4.2.2 Phenology and Ungulate Use 188

5.4.3 Data Analysis 188

9.5  The Results 189
5.5.1  Aboveground Bomass (AGB) 189

9.5.2  Species Composition 194
2.5.2.1 Upland Grassland 194

9.5.2.2 Lowland Grassland 195

9.5.3  Phenology 200
9.5.3.1 Upland Grassland 201

9.5.3.2 Lowland Grassland 202

9.5.4  Ungulate Use 202
9.5.4.1 Upland Grassland 203

2.5.4.2 Lowland Grassland 203

9.6 Discussion 206
9.6.1  Species Composition and Standing Biomass 210

9.6.2 Phenology 213

9.6.3 Ungulate Use 213

2.6.4 Management and Conservation Implications 214
Chapter 6: General Discussion and Conclusion 219-235
6.1 Introduction 219
6.2 Key Stressors 220

6.3 The Landscape Approach 220




6.3.1 Land, Land Use and the People 221

6.3.2  Species Diversity 224
6.3.3  Grassland Management Practices 226
6.3.4 Landscape Management Objectives 229
6.4  Linking LMUs with Corridors 231
6.5 Establishing Habitats Management Objectives 232
6.6 Managing Specific Habitats 234
6.7 Conclusion 235

References 237-249

vi




Acknowledgements

I am pleased to express my heartily indebtedness and profound sense
of gratitude to my supervisor Dr. P.K. Mathur, Professor and Head,
Department of Landscape Level Planning and Management, Wildlife
Institute of India, Dehra Dun for his able guidance, supervision,
advice, constant encouragement and help throughout the study.

I am grateful to Mr. S.K. Mukherjee, the then Director, WII and
Mr. V.B. Sawarkar, present Dean and Director, WII for providing me
an opportunity to work for the USDA Forest Service Project, their
advise and encouragement. I owe special thanks to Mr. Sawarkar for
steering the present study.

I am thankful to Mr. D.V.S. Khati, former Co-Investigator, TCA and
Field Director, Corbett Tiger Reserve for introducing me to the field
site. His able guidance and support was critical during the initial phase
of the research work.

I thank Dr. John F. Lehmkuhl, counterpart US scientist, TCA for his
valuable guidance, design of experimental study, comments on draft
chapters and friendly interaction from time to time.

My sincere thanks are due to Dr. M.C. Yagnik, Pro Vice Chancellor and
Prof. V.C. Soni of the Saurashtra University, Rajkot for their advice
and facilitating Ph.D. admission and registration matters with the
University.

This research has been financed in part by a grant (No. FG-In-780; In-
FS-120) made by the United States Department of Agriculture under
the U.S. India Fund. I am thankful to the project authorities,
particularly Dr. James R. Stevenson, Mr. G.K.Gupta, and Mrs. Usha
Kapur, FERRO, American Embassy, New Delhi for extending their full
support for the success of the collaborative project.

vii




I am grateful to Dr. Jéck Ward Thomas, former Chief, USFS; Mr. Tom
Darden, Project Coordinator, USFS; and all other US scientists namely
Dr. Bruce Marcot, Dr. Martin Raphael, Mr. Richard Holthausen for their

scientific help and several round of discussion during their visits to
India.

I am thankful to several senior officials of the U.P. Forest Department,
especially, Mr. K.N. Singh and Mr. R.P. Singh, former PCCFs; Dr.
Ashok Singh, former CWLW and Dr. R.L. Singh, PCCF; Dr. Anil Beri,
CWLW; Mr. Rupak De, former Field Director, Dudwa Tiger Reserve;
Mr. G.C. Mishra, FD, DTR; Mr. W.A. Longwah, former Dy. Director,
DTR; Mr. Ashish Tiwari, Dy. Director, DTR; Mr. A.P. Pathak and
Mr. R.S. Singh, former SDOs, DTR without whose advise, support and
encouragement the present study would not have been successful. In
addition to them, a large number of senior field managers and
frontline staff representing Oudh Forest Circle and DTR Circle also
immensely helped me throughout the study and provided desired
information, requisite permissions and field logistics. I acknowledge
them for their untiring support.

I am thankful to Dr. A.J.T. Johnsingh, Dr. V.B. Mathur, Dr. A.K. Gupta,
Mr. B.C. Chaudhary, Dr. S.P. Singh, Dr. S. Chowdhary, Shri Ajay
Saxena (currently C.F., A&N Islands), Dr. N.P.S. Chauhan, Dr. S.P.
Goyal, Mr. Sanjai K. Srivastava, Shri A.K. Bhardwaj, Dr. Y.V. Jhala, Dr.
Asha, Dr. K. Shankar, Dr. Ravi Chellam, Mr. Sunil Banubakode, Mrs.
Bitapi C. Sinha, Dr. S.A. Hussain, Dr. V.P. Uniyal, all other faculty
members and Dr. Mehar Singh, Registrar at WII for their constant
advice and help. I specially thank Dr. G.S. Rawat and Mr. Qamar
Qureshi for their technical help in plant identification and statistical
analysis, respectively.

I am grateful to Dr. P.S. Roy, Dean, IIRS, Dehra Dun and various
scientists working in the Forest and Ecology Division in sparing their
valuable time to clear my doubts relevant to resource mapping and
application of remote sensing.

viii




I am thankful to Ms. Meeta Vyas, Former Secretary General and CEO,
WWEF-India and my colleagues working in the Tiger and Wildlife
Division for extending all help to me during the final phase of my
thesis. My sincere thanks are due to Mr. P.K. Sen, Director, Tiger and
Wildlife Division for facilitating timely completion of thesis, generous
support and tolerating my long absence from the headquarters.

I give special thanks to my fellow colleagues Mr. Ashish, Dr. Anjana,
Mr. S.G. Chavan, Mr. Sajeev, Miss Geeta Sunal and Dr. Ramachandran
for providing me an excellent company, technical help and interaction
throughout the study. I also thank Dr. Dinesh, Neel, Bharat, Jaypal,
Ramesh, Arindran, Anil, Reena, Khalid, Asghar, Devender, Bargali,
Naim, Dr. Ishwar, Yoganad, Jatinder and all other hostel mates for
good company and help in several ways.

I am thankful to Mr. Rajesh Thapa, Mr. V. Sukumar, Dr. Navneet
Gupta, Mr. Lekh Nath, Dr. Manoj Agarwal, Mr. Dinesh Pundir, Mr.
Panna Lal, Mr. Virendra Sharma Mr. Mukesh Arora, Mr. Narendra Bist,
Mr. Rajeev Thapa, Mr. Veerapan, Mr. Negi and Mr. Rajeev in extending
day to day help in computer, remote sensing and GIS applications and
DTP work. I deeply acknowledge the help provided by Mr. M.S. Rana,
Librarian and all other personnel in WII's library. I am also thankful to
Mr. M.M. Babu and Mr. P.L. Saklani in extending their help in the
finalization of plant list for TCA.

I am thankful to Mr. H.C.S. Rajwar, Stenographer for an efficient and
timely word processing of this thesis. I am also thankful to all the WII-
USFS Project staff - Mrs. Beena Raikwar, Mr. S.B.S. Sajwan,
Mrs. Kamla, Mr. Rajeev and Mr. Lalit Kumar for their assistance in
administrative and financial matters related to TCA field site.

I thank Mr. Pappu Kumar project driver and field assistants Mr. Radhey
Shyam and Mr. Arvind Kumar who gave me a good company in Terai
area for more than five years. Their hard working and tireless attitude
are highly appreciated.

X




During the long phase of field study and subsequently at WII,
Dehra Dun, several individuals have rendered help in various ways
whose names I might have missed out, I thank each and every one of
them.

Last but not the least, I am highly grateful to Dr. (Mrs.) Renu Mathur,
Prateek, my parents, brother Rajesh, and my wife Anurag without
their support, understanding, forbearance and constant
encouragement this thesis would not have been possible.

Loriadn Limer —

(Harish Kumar)




Summary

Introduction: The decline of forests is a global concern due to the pace and magnitude
of its conversion to other uses. In managed forest landscapes, logging patterns often
result in changes in the structure and composition. Forest la.ndscapes are, thus rich in
spatial heterogeneity from a variety of causes, including the environment, biotic
interactions, disturbance and succession. Spatial patterns can have a strong influence on
the distribution, abundance, population dynamics and ecosystem processes including the
spread of disturbance. Understanding the heterogeneity and dynamics of natural forest
landscapes has therefore, become very important as management objective for forests
increasingly emphasize the maintenance of biological diversity. Using natural or semi-
natural ecosystems as a template for management is quite challenging, require

understanding not only of the patterns of forest change, but also the processes that

underlie them.

The Aim: The present study formed a part of the major collaborative project entitled
"Management of Forests for Biological Diversity and Forest Productivity - A New
Perspective”, jointly implemented by the Wildlife Institute of India and the US Forest
Service. The project aimed to address the primary requirement of forests of sustaining
biodiversity. It is being realized that the traditional forest management approach had to
undergo a major shift in emphasis and strategies. The project expected to demonstrate
the integration of science and management in a planning process that establishes the
complimentary roles of wildlife protected areas and the large surrounding landscape of
managed forests in maintaining forest based biological diversity. The project was field
based at four Conservation Areas (CAs) that covered large landscapes of forested and
hon-forested matrix areas representing a variety of biogeographic patterns, forestry
practices, ethnic human societies and their forest based culture, economies and tradition,

and the range of administrative realities. Each of the CAs included select protected areas
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(PAs) - National Parks or Wildlife Sanctuaries: Managed Forests (MFs) and the intervening
matrix of the Government, community or private lands so as to constitute a larger

delineated landscape.

The Study Area: The present study specifically focussed on the 7eras Conservation
Area (TCA), one of the four CAs. Once, the 7eras forests in the foothills of the
Himalayas constituted a lush belt of green vegetation in the extensive tract of alluvial
Gangetic flood plains. The forest is mainly moist deciduous, dominated by the most
valuable Sal (SAorea robusta) forests of India. A significant attribute of the Sal forest
ecosystem is the interspersed swamps and wet, tall grasslands. The TCA is an important
regional, national, and international centre of biodiversity. The diverse and productive
Terar ecosystem has withessed a sea change in the past several decades due to changes in
land use policies, long history of forest management, settlement of refugees, uncontrolled
expansion of agriculture and the associated large scale reclamation/conversion of
grassland and swampy habitats, enhanced resource dependence and persistent factors like
fire, livestock grazing and flash floods. These factors have greatly reduced the once
extensive 7eras/ecosystem into smaller forest fragments. The TCA is the last and largest

representative of the Indian 7erarecosystem.

The TCA covering 7,896.6 sq km constitutes a spatial heterogeneous landscape of PAs
including Dudwa Natioal Park (DNP) and Kishanpur Wildlife Sanctuary (KWLS): and
Managed Forests (MFs) of North Kheri and South Kheri Forest Divisions (NKFD and SKFD)
within a matrix of private agricultural lands. The forestland in TCA covered 1.726.5 sq km
which is equally split between PAs (883.7 sq km) and MFs (842.8 sq km). The TCA forests
in DNP, KWLS, NKFD and SKFD are under different management objectives. The major
portion (~97%) of the TCA comes under the Lakhimpur Kheri district of Uttar Pradesh.

The Indo-Nepal border forms much of the northern boundary of the TCA, particularly the
DNP.
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The Objectives: Keeping in view the above, following basic questions were posed while

formulating the present study:

» What are the current patterns of spatial heterogeneity at the landscape level?
What are the factors (natural, biotic, and of management) responsible for such
mosaic and diversity patterns?

» What are the current patterns of plant and animal diversity in TCA, their habitat
associations and the status, frends and spatial distribution of habitats and species
of particular interest?

> How the spatial mosaic has influenced the distribution of different vegetation
communities, species diversity and abundance of species of concern?

» What are the species-specific positive, neutral or negative associations and factors
responsible for them? What are the patterns of recruitment, growth and mortality
of species of concern?

> How does the burning practices influence grassland diversity, productivity and wild

ungulate use?

In a nutshell, the present study focussed on the landscape spatial patterns, their influence
on species diversity and also the effect of various grassland burning practices in TCA. In

order to achieve this, the following objectives were set forth for the present study:

> To assess, characterize and map the current land use and landscape patterns.

» To identify, classify and describe vegetation communities, assess their extent and
geographic distribution in the landscape.

> To assess the influence of landscape spatial patterns on habitat and species of
particular management interest. |

> To assess grassland burning practices vis-d-vis plant diversity, productivity,

ungulate use and make appropriate recommendations for the management.
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The Approach: In the above context, it was imperative to use a holistic landscape
assessment approach for the various types of field quantification. The field
reconnaissance and the preliminary assessment in TCA were carried out during 1996-97.
Extensive consultations and review of literature were carried out prior to the
reconnaissance. A combination of well fested field assessment methods and modern
techniques vz, Remote Sensing and GIS were used in the present study. The false colour
composites of IRS of 1B LISS 2 Sensor of January, 1997 were used fo assess the
landscape heterogeneity and characterization. An interpretation key and the field
knowledge was used for extending the interpretation and to prepare the land
use/vegetation type map of the CA in GIS domain using ARC/INFO 8.0.2 software.
Software FRAGSTATS* ARC Version 3.2 was used for quantifying landscape structure and
spatial pattern analysis. A detailed vegetation assessment was carried out to compare
patterns among various vegetation types deciphered using remote sensing data, evaluate
the effect of two broad forest management options (PAs and MFs), and compare
vegefation diversity in the four constituent areas of TCA. Vegetation samples were
distributed on the basis of vegetation types, management units, and patch size.
Altogether, 1,748 plots (20m x 20m) for tree, 1,674 plots (10m x 10m) for shrub and 1,674
(Im x 1m) for herb diversity were sampled in different forest types, the Upland grassland,
Tamarix scrub and plantations. In addition, 159 plots (10m x 10m) were sampled in the
Lowland grasslands for the assessment of shrub, herb and grass diversity. The vegetation
data was analyzed for frequency, density, abundance, Importance Value Index (IVI),
Family Importance Value (FIV) using standard methods for vegetation assessment. Cluster

Analysis (SPSS), TWINSPAN and STATECOL programmes were used for the forest

classification, grassland classification and diversity indices, respectively.

In order to have an understanding of wildlife use of different habitats in TCA, field data

on the presence/absence of indirect signs (dung/scat) in delineated vegetation types were
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collected during vegetation sampling for select species of conservation concern.

Percentage frequency of occurrence was computed vegetation type-wise for each species.

Additionally, an experimental study was carried out so as fo examine the effects of
different burning practices on grasslands, a featured component of the landscape. Split
plots of 100m x 260m were used to assess the effect of different burning treatments in
the Upland and Lowland grasslands. Three replicates of split plots were taken in each of
the grassland.  Each experimental plot was split into five equal blocks (100m x 50m) so as
to provide four treatments iz, grass cut and burned; grass cut, removed, and burned;
grass harrowed and burned; and grass burned as standing. The fifth block separated by a
strip of 10m buffer was provided no treatment, thus remained unburned. This block
served as control for the experimental trial. The baseline information on plant species
composition, phenology, grass height, aboveground biomass (AGB) and pellet count (wild
ungulates-swamp deer and hog deer) were made in each of the split plot in the first week
of January, 1998 prior to the four freatments were given. The experimental treatments
provided in February every year were continued for three consecutive years (1998-2000).
The experiment was terminated in January, 2001. In all, four sets of measurements were

repeated every year i.e. in January, April, July, and October for each of the studied

parameters.

The demographic information for the region was obtained from the Census data and village
micro plans. Information on the past forest management was collected from the

successive forest working plans and wildlife management plans for MFs and PAs,

respectively.

The Landscape: Forest and grasslands in TCA, especially within PAs, remain relatively

strong and vital reservoirs of 7eras biodiversity, and are important social and economic

assets. However, stressors to the TCA ecosystem are numerous. Despite intense human
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pressure, the persistence or reintroduction of most species indicates management
generally has been a success. However, confinued success is uncertain. The whole range of
biodiversity, or the 'little things that run the world’ are known poorly - including many
species and the functions that link them and their habitats. Large flagship species have
been the focus of research and management. Populations are small for some important
species vz, swamp deer, rhinoceros, tiger and elephant. Habitats are changing in ways
that may not be beneficial. Vital habitats are threatened by the spread of weeds and
unpalatable species. Changes in river hydrology, associated siltation, and excessive ground
water exploitation are causing changes in forest and grassland composition and structure.
Passive management of forests, particularly in PAs has resulted in increasing dominance of
unpalatable 7i/iacora acuminata. Encroachment of forestland for agricultural conversion is
a serious threat. Livestock grazing, requirement of fodder and uncontrolled fires in
forest are persistent issues. Following is the gist of findings relevant to the landscape

spatial heterogeneity, species diversity, habitat use, and the grassland burning practices.

Land, Land Use and the People: The landscape mainly included the four types of lands:
(i) forestland (protected areas and managed forests) owned by the State Forest
Department, (i) state owned revenue land (other than forest department), (iii) community
owned ‘Parichayat land, and (iv) private lands. The landscape is a vast alluvium plain.

A large proportion of the population in TCA, particularly 'Tharus’, locals and migrant
laborers inhabiting villages in proximity to forests and their livestock depend upon forest
resources. Thus, they try fo meet their sustenance requirements of food, fiber, fuel
wood, grazing, thatch (grass), medicinal plants, small timber, gums and resins. Thus,
traditionally the economy of the people inhabiting the landscape was primarily forest
based. However, agriculture is now the mainstay of the local economy. The favourable
conditions in terms of plain land, fertile soils, high water table, cheaper labor and improved
agricultural practices have led fo the rapid expansion of agriculture and its increased

productivity. Currently, little over 60% of the land is being ploughed or net sown.
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Burgeoning human population and current land use have greatly reduced wildlife refuge in
TCA and also the loss of vital linkages for movement and dispersal of wildlife from one
area to the other. These ultimately manifest current challenges faced by the local

communities, and field practitioners.

During the past 2-3 decades, nearly more than half of the available forest area in TCA has
been designated as wildlife protected areas (PAs) in view of the priority conservation
need. Thus, the era of commercial exploitation of forests in TCA has almost seized by
1970s. The history of forests in TCA dates back to 1860. Basically forests in TCA can be
divided info two broad types: (a) Reserved Forests, and (b) the erstwhile private Vested

forests.

The systematic forest working of Reserved Forests in TCA commenced in 1886 with the
first Working Plan. Since then, there has been regular succession of Working Plans. Till
1970s, the old Reserved Forests and Vested forests were managed separately and they
came to be managed jointly afterwards. Comparatively, the vested forests were heavily
exploited in past by erstwhile Zamindars, whereas the old Reserved Forests were
commercially exploited. Local people have continued to enjoy various rights and
concessions in different Reserved, Protected, Vested forests and later two PAs. Despite
rights and concessions have been extinguished in the case of National Park area and

greatly reduced in the case of Sanctuary, local people illegally collect various forest

resources and graze their livestock.

The present study on the assessment of landscape and forest spatial heterogeneity
revealed that the landscape chiefly included the forestland (25.8%) comprising protected
areas and managed forests and matrix (74.2%). Either a few, larger compact blocks or
several smaller, isolated fragments represented the forestland. The matrix included

extensive private agricultural lands, community lands, and scattered government lands.
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Once, extensively interspersed grasslands and swamps covered just 2.8% and 0.5% area of
the landscape, respectively. Detailed landscape level assessment using remotely sensed
data delineated 17 categories of land use/land cover types including nine forest types, two

grassland types, forest plantations, and five other non-forest categories.

Forests covered nearly three-fourth (73%) of the forestland. Sal (Shorea robusta)
dominated five forest types occupied 44.5% of the forested tract. Four other important
forest types together covered 19.3% area of the forestland. This included Moist Mixed
Deciduous, Khair and Sissoo, Tropical Seasonal Swamp, and Tropical Semi-Evergreen
forests covering 9.3%, 6.9%, 2.5%, and 0.6% area of the forestland, respectively. Nearly
6% of the forestland was found encroached and under illegal cultivation. Interspersed
grasslands, plantations, rivers and swamps covered 12.8%, 7.7%, 2.9%, and 0.7% area of

the forestland. 7amarix scrub represented only 1.5% area of the forestland.

Interestingly, a few of the forest types either remained unrepresented in some of the
constituent areas (DNP, KWLS, NKFD, SKFD) or represented just one or two such areas as
a characteristic type. For example, the national park (DNP) area harboured all major
forest and grassland types, except chandar Sal forest and Tamarix scrub. On the
confrary, dense Sal and Tropical Semi-Evergreen forest types occurred in DNP only.
Nearly three-fourth extent of the Upland grasslands and almost half of the Lowland
grasslands were confined to DNP only. Further, the other protected area i.e. KWLS had
the maximum extent of chandar Sal forests. In contrast to DNP, the Sanctuary (KWLS)
lacked representation of dense Sal, Tropical Semi-Evergreen and Khair and Sissoo forest
types. More than >90% area of Khair and Sissoo forests and almost 50% extent of Moist
Mixed Deciduous forests were recorded in the managed forests of North Kheri Forest
Division (NKFD). The actual area and percentage proportion of Swamps, Rivers and Sandy
banks were highest in NKFD. Forests in the managed forests of South Kheri Forest

Division (SKFD) were mainly characterized by moderately dense Sal and open Sal forests
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and extensive plantations. Dense Sal, Sal Mixed, and Tropical Semi-Evergreen forest
types were absent in SKFD. The maximum area and percentage proportion of Tamarix
scrub were recorded in SKFD. Nearly two-third (63.1%) area under plantations recorded

in TCA occurred in SKFD alone.

Beside above, a comparison of two management options i.e. PAs and MFs also allowed
several noteworthy findings. Accordingly, three prominent forests types vz, Dense Sal,
Sal Mixed, and Tropical Semi-Evergreen forests remained unrepresented in MFs. The
actual extent of five Sal forest types in PAs was as high as 61.3% while various Sal
dominated forests covered just 37.9% area of MFs. Instead, managed forests possessed
the much higher proportion of Moist Mixed Deciduous and Khair and Sissoo forest types.
PAs had larger chunk (>60%) of Tropical Seasonal Swamp forests than MFs. PAs also had
17.6% of their actual area covered by two type of grasslands while MFs had only 7.7% of

its area represented by grasslands.

Further, the detailed landscape level analysis on the number of patches, patch
characteristics (size, shape, and quality), spatial arrangement (configuration), and
proximity of different patches using various metrics amply indicated that the landscape
under consideration has high forest spatial heterogeneity due to greater forest diversity
as well as forest fragmentation. Four constituent areas of the landscape and different
vegetation types were not only diverse, but also unique in several cases. This was obviously
‘due to highly variable, irregular and scattered forest fragments having long history of

management and also experiencing high biotic pressure.

Species Diversity: Detailed vegetation assessment undertaken in the four constituent

areas, different vegetation types, and a comparison made between PAs and MFs revealed

that the forests and grasslands in TCA also exhibit rich and unique plant species diversity.

This is mainly due fo the complex, dynamic nature of the 7era/ecosystem, long history of
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forest and grassland management guided by successive Working Plans, and biotic pressure.
Thus, a floral diversity of 259 plant species belonging to 199 genera and 76 families was
recorded through an extensive sampling. The number of plant species in the four
constituent areas ranged from 143 to 249. The DNP was the most diverse while NKFD was
the least diverse among the four constituent areas. This difference was due to the non-
representation of some of the vegetation types in one or more constituent areas. The
DNP obtained representation of maximum vegetation types and also highest species
richness of trees, and herbs while SKFD had the highest shrub species richness. PAs were
more rich in species diversity than MFs. Importantly, much of the species richness in
forests and grasslands of TCA resulted from a large number of low abundance and low
frequency species. Out of 96 recorded tree species, 47 tree species occurred in less than

1% sampled plots. Only 10 species obtained values >10% frequency of occurrence.

The open Sal forests favoured more number of miscellaneous tree species than dense Sal
forests. Sal was the prominent tree species in two PAs (DNP and KWLS) based on its IVI.
In contrast, Acacia catechu, Dalbergia sissoo, Terminalia alata, Barringtonia acutangula,
and AHaldina cordlifolia obtained much higher values of Importance Index in two managed
forests than their corresponding values in two PAs. This revelation highlighted a
distinction in the structure and composition of vegetation in PAs and MFs. Tectona
grandis and Eucalypitus citriodora, two exotics to TCA together constituted 16.4% of the
total trees (n=31,467) enumerated. It reflects that the past management has thus
resulted into replacement of native vegetation in extent as well as diversity. Nearly one-
fourth of the standing trees in TCA were of Sal alone. Two other prominent and
widespread species were Mallotus philljppensis and Syzygium cuminii These two species

Together constituted yet another one-fourth of the standing trees.

Sal distinctly characterized the DNP area. The KWLS was characterized by Baukinia

racemosa, 8. squarmosa and Lagerstroemia parviffora due to the occurrence of extensive
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chandar Sal and Sal Mixed forests. Barringfonia acutangula, Ficus benghalensis, Milliusa
velutina and Terminalia alata dominated forests in SKFD due to the fact that this
managed forest harboured a greater chunk of Tropical Seasonal Swamp, moderately dense
Sal, and open Sal forests. Acacia catechuand Dalbergia sissoo characterized NKFD due to

the occurrence of maximum extent of Khair and Sissoo forests.

Dipterocarpaceae was the most important family in TCA based on the highest value of
Family Importance (FIV). Fifty-two tree species out of 96 tree species recorded in TCA
countributed for more than three-fourth tree diversity, density, and dominance as they
belonged to just 10 plant families. More than 86% tfree species were represented by a
small number (~250) of individuals despite extensive sampling in the present study. This
also indicated that such species were either highly localized or were in low abundance.
Nevertheless, these species are of utmost ecological importance and calls for a priority

attention.

A comparative assessment of shrub and herb layers in the four constituent areas and
different vegetation types also allowed several important revelations. 7#/acora acuminata
occurred in as many as 52.3% plots sampled in DNP. In contrast, its frequency values in
two MFs i.e. SKFD and NKFD were much lower. Likewise, the density values of Tiliacora
acuminara were highest in DNP, being 6,293.4 shrub/ha while corresponding values in
NKFD and SKFD were drastically reduced, being 829.0 shrubs/ha and 234.1 shrubs/ha,
respectively. This amply indicated that relatively open canopy forests and other habitat
conditions/factors in MFs were not favourable to 7iliacora acuminata while this species
gregariously occurred in majority of the forest types in DNP. Lantana camara, an exotic
woody shrub occurred only in 5.7% plots sampled in TCA. This species was almost absent
in dense Sal while Khair and Sissoo forests in NKFD favoured this weed. The density of
Helicteres isora was significantly influenced by density of Sal forests. Thus, density of

Helicteres isoraincreased considerably from dense to open Sal forests. In general, herb
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species were much widely distributed in MFs than PAs. Droscorea belophy/lla was the most
prominent herb in different forests of TCA. cassia fora was the densest herb, followed

by Ageraturm conyzoides.

A comparative habitat use assessment by select faunal species revealed that nearly 50%
of the sampled vegetation plots showed some formal use. Only 8.1% sampled vegetation
plots in MFs had the presence of chital sign against 41.6% sampled plots in PAs those had
the presence of chital sign. There was conspicuous absence of chital sign in sampled
grasslands located in fwo MFs while grasslands in PAs harboured abundant chital
population. This observation can be attributed to the fact that grasslands in MFs were
relatively small, isolated and experienced much more biotic pressure. In contrast, nilgai
sign were absent in grasslands occurred in PAs while 11% grasslands plots sampled in MFs

had the presence of nilgai sign.

Grassland Management Practices: The tall grasslands in TCA form an integral part of
the forestland. Biological values and ecological functions of grasslands in TCA have been
ignored for a long time because of earlier policies. Mainly, cutting and burning are being in
practice to maintain grassland diversity, productivity and meet subsistence needs of
dependent people. The complexities of various management practices and their effects on
grassland values and functions have been poorly understood. Therefore, the present study
included an experimental trial so as to understand the effect of different burning regimes
in combination with freatments viz, grass cut, grass cut-removed, grass harrowed, simple
burned, and no burn (control). The study specifically aimed to test two hypotheses: (i)
whether treatments would increase dry season forage for ungulates; and (ii) harrowing and
burning would simulate processes formerly kept tall grasses down when people were
allowded to graze livestock and cut in the park, thus providing more forage and maintain

composition in favourable forage species.
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Prominently, Zmperata, ODesmostachya, and Vetiveria contributed to grass cover and
biomass in the Upland grasslands while Sclerostactya, Saccharum, and Themeda spp. were
main contributors in the Lowland grasslands. The dominance of these species was
maintained under all the treatments despite repeated treatments for three consecutive
years. All treatments except the harrowed-burned treatment yielded more or less same
aboveground biomass (ABG) at the time of termination of experiment. Nevertheless, the
effect of different burning treatments was prominent on the species composition and
standing biomass of major grass species in both the type of grasslands. Zmperata
cy//'/za’/'/'c'a,' the main contributor to the biomass in the Upland grasslands registered a
considerable decline (40-53%) in AGB under different treatments. In contrast,
Desmostactiya bipinnata showed considerable gain in its AGB ranging from 1% to 37% in
cut-burned treatments and the control. The maximum gain was in the harrowed-burned
treatment indicating that ODesmostachya bjpinnata was distinctly favoured by this
treatment that foo at the cost of major desirable species i.e. Zmperata cylindrica
Likewise, Desmostachya bipinnata which was otherwise absent in the Lowland grasslands
prior to the initiation of experiment, abruptly emerged and established in the harrowed-
burned treatment. In opposite, major constituent species viz, Sclerostachya fusca and
Saccharum narenga suffered in the harrowed-burned treatment as both these species

registered a substantially reduced AGB i.e. by almost half at the end of three years.

The managed Upland and Lowland grassland plots distinctly favoured wild ungulates,
particularly swamp deer and hog deer after the treatments were given and during the
summer season. Thus, the management objective of promoting new growth and palatable
grass during the lean season was achieved. Based on the relative pellet occurrence, swamp
deer and hog deer used more the harrowed-burned and burned alone treatments in the
Upland grassland. Similarly, the harrowed-burned treatment in the Lowland. grassland
remained favourable to both the deer species. However, the burned alone treatment was

relatively avoided. Nonetheless, the treatment plots were small, and there might be
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effects of the neighbourhood. It is possible that both deer species simply show high use
of particular treatment because they were there to forage something else and either used
treated plots for rest or just to move across. Thus, in view of these harrowing findings in

TCA is to be either avoided or judiciously used on atleast 2-3 years interval.

It is also clear that ending the current practices of cutting and burning would remove the
benefit of new and palatable grass to ungulates during the lean period. Two earlier studies
on 7eras grasslands and the present one have amply demonstrated that the short term
variation between different treatments in studied grasslands were insignificant. It has
been earlier highlighted that grazing was short-lived on early burns compared to late

burns while grazing removed the greatest biomass from the late burned plots.

The present study could assess the effect of burning regimes on the habitat use by two
wild ungulates only. None of the earlier studies has been able to study concurrently the
effect on burning practices on different faunal species including the mega herbivores,
small mammals, birds, herpetofauna, etc. However, the current knowledge based on
several short ferm, scattered studies on different faunal species strongly advocate for a
mosaic of habitats by cut, uncut, burned and unburned patches which would provide
suitable habitat for the persistence of diverse faunal species of 7erai Staggered cutting
and burning would also create different patches providing varying forage and cover

conditions.
It is perceptible that in the absence of an appropriate long-term comprehensive
experimental research on 7era/ grasslands the basic premise about their management

largely remains unanswered and debatable.

Landscape Perspective: The management of the entire TCA requires a broader

perspective that integrates the PAs with MFs and the human dominated matrix from which
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emanates many of the stressors identified earlier. Differing goals and objectives for

forest allocations (PAs and MFs), as well as the human dominated matrix, hinder landscape
management for biodiversity conservation, which requires coordination of forest
management activities among allocations. The TCA landscape has five distinct Landscape
Management Units (LMU) that could form the basis for integrating disparate forest
allocations for landscape management focused on biodiversity conservation. Linking LMUs
to create a interconnected TCA network of PAs and MFs is difficult in the current
landscape. The five LMUs are isolated in the agricultural matrix and connectivity will be
very difficult to establish because of private ownership and the pressures of resource
dependency. Some parts of the linear riverine LMU might serve to connect patches of
fragmented MF, but maintaining the integrity of those riverine corridors will be difficult
under intense human pressure. The primary connectivity objective within the TCA should
be the 12-15 km between the two cores DNP and KWLS-South Kheri LMUs. Making that
link would have several benefits. It would include some of the remnant and critical Ghola
and Gajrola monsoon swamp deer habitat outside DNP, increase the area of important |
alluvial grassland spanning the Sharda river, link swamp deer populations in the two core

areas, and link tiger and other species in the core areas as well.

Several options with varying degrees of practicality and effectiveness have been
suggested to create that core LMU connectivity. Regional linking of the TCA with PAs in
the Indian and Nepalese Terai is another priority to ensure the viability of large or wide-
ranging species like elephant and tiger. If successful, the TCA would be an important link

in between the Bardia and Suklaphanta PAs in Nepal.

Establishing Habitat Management Objectives: Management within individual LMUs

below the landscape level (e.g., compartments, circles), also will need to change. Forest
areas have a long history of intensive management for economic values. Management for

Sal to the exclusion of "miscellaneous” species has altered and shaped the composition and
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structure, hence potential biodiversity, of TCA forests in unknown ways. Hence, TCA
forests and grasslands are not by any means pristine, i.e., formed by natural processes
alone. That creates some difficulty in describing the desired future conditions for forest
and grassland vegetation in the TCA from a biodiversity conservation perspective.
Management goals or desired future conditions (DFC), for vegetation management are
often developed using natural conditions (i.e., without a significant history of human
disturbance) as the baseline or management target. The assumption is that "natural" stand
conditions and their pattern across the landscape will maintain the full range of
biodiversity, e.g., species and their interactions with each other and the environment.
Given extensive past management it is difficult to determine a DFC for Sal forests, and

methods to achieve it, that is consistent with the objectives of biodiversity conservation.

Grasslands in TCA also have a long history of human disturbance that has shaped their
current composition and structure and the animal communities that are associated with
them. What is the DFC for grasslands? Natural processes might be leading to the
dominance of tall coarse grasses that are less favored by ungulates; but, tall grasses might
be critical for other species such as hispid hare or grassland birds. Removal of those tall
grasses with fire or mechanical treatments will impact the viability of those species. Ina
large undisturbed grassland ecosystem, the balance of Upland and Lowland grasslands as
well as short and tall grassland patches might be kept over large areas. However, in the
confines of the TCA, some balance of management and natural processes needs to be made
to ensure the viability of all grassland species. Some form of alternate year burning or

mechanical treatment would ensure the persistence of tall grass species.
These questions point to the need for a fuller understanding of forest and grassland

successional and disturbance dynamics, vegetation-animal interactions, and the implications

for biodiversity conservation or restoration. Only through a good understanding of the
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relationships between forest and grassland pattern and processes one can know what and

how to restore, or determine the DFC of forests and grasslands.

That understanding also is necessary to modernize silvicultural systems by moving them
from a focus simply on the production of wood and other human goods and services to the
production of both human and ecological goods and services and viable and diverse forest
ecosystems. That transition from old to "new forestry” will be critical for integrating PAs
and MFs to meet the ecological goals of the LMUs in the TCA. It will require a period of
adjustment of attitudes and experimentation with new methods in an adaptive management

process in which managers can team with scientists to learn while actively managing.

Managing Specific Habitats: Managers currently recognize the need to manage key
wetland and grassland habitats. In forests, fruit-bearing trees traditionally have been
recognized in management plans and operations as important wildlife trees. Managers are
beginning to recognize the ecosystem and wildlife value of defective and dead wood (snags
and down logs), instead of their value for salvage. Defective trees and snags provide key
cover and foraging habitats for cavity excavating birds and secondary cavity nesters that
use woodpecker holes, for example. Down logs are key habitats for invertebrates,
reptiles, and small mammals, which are prey to many birds and other small mammals.
Forest types that represent relatively small areas of the forested landscape, such as the
Moist Mixed Deciduous forest, are important elements of biodiversity. Manipulative
management practices needs to be carefully considered in light of the ecology and wildlife

values of these relatively rare and important vegetation types.

Conclusion: In conclusion, management of the TCA for biodiversity and forest
productivity will be challenging. The TCA remains a vital element of global and regional
biodiversity, but current and future challenges for management are great. Past

management that focussed on social and economic uses was pervasive and has set forest
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and grassland ecosystems on a trajectory of change with poorly understood implications
for biodiversity. Field managers need to develop new field methods that focus on
biodiversity and human-oriented goals, then test them in an adaptive management
framework that allows them tfo constantly learn and adjust while actively managing.
Specifically, management needs to invest in research and develop the administrative and
scientific frameworks for adaptive management projects to learn how to maintain or
restore wildlifé habitats or populations to levels that might ensure long-term viability.
Research also needs to investigate the status, ecology, habitat needs, and population and
habitat management strategies for the other less conspicuous species that makes up the
bulk of TCA biodiversity. Direct human demands for forest resources and indirect
influences from the matrix and are intense and will increase. The current model of forest
management will have a difficult time succeeding in integrating biodiversity and human use
of forests at the landscape scale. A new multi-scale model of forest ecosystem
management that integrates ecologically and administratively fragmented forest units
heeds fo be developed. A second higher and more effective level of landscape
management will integrate the dynamics and administration of the agricultural and urban
matrix of the TCA. There are a dedicated cadre of professional forest managers and

scientists, and interested public in the TCA that can make this new approach work.
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Chapter 1

Introduction

1.1 The Preamble — Conservation Challenges

The geographic areas that feature natural and cultural attributes considered by
society to be of high material, cultural, historical, spiritual or ecosystem value have
always been given special protection by the various government and communities
(Miller, 1999). Such areas are being increasingly designated all over the world.
Moreover, with impetus of the Convention on Biological Diversity (CBD) recent
conservation policies, strategies and guidelines have emphasized the maintenance
of healthy, productive and diverse ecosystems (Davey,1999; Marcot,1992;
Salwass»er, 1995). This is a necessity for the continued well being of human societies
and to the land itself.

The word “Conservation” implies wise sustainable resource use. Whilst the
conservation of biological diversity or biodiversity calls for maintaining the variety and
variability of life and associated ecological processes. Maintaining biodiversity entails
addressing resources at various biological levels viz., genetic, species, population,
community, ecosystem and landscape. Every element of biological diversity has
some economic and ecological value (Noss, 1990; Hunter, 1990 and 1999; Darden
and Marcot, 1995; Naveh, 1995; Biodiversity Guidebook, 1995). In recent years,
several new tools and approaches have been described for the conservation of
biodiversity. Salwasser (2001) has provided strengths and weaknesses of single
species, multiple species and ecosystem management approaches to conservation.

A network of biogeographically representative wildlife Protected Areas (PAs) has
been recognized as a means of conservation (McNeely, 1994; Dudley et al., 1999
Green and Paine, 1999). Following other countries, a large number of protected
areas (PAs) comprising National Parks (NPs) and Wildlife Sanctuaries (WLS) has
been established in India (Rodgers and Panwar, 1988; Rodgers et al., 2000). Miller
(1999) has described seven significant obstacles viz., initial criteria employed for

selection of protected areas, size, shape, landscape linkages, organizational



support, and inadequate capacity and investments faced by protected areas that limit

their capacity to meet growing demands for their full array of benefits and values.

1.2 The Holistic Approach

Protected areas are becoming increasingly isolated as surrounding natural habitat is
converted to human-dominated and incompatible land uses (McNeely, 1994,
Schellas and Shaw, 1995). This process of reducing the size of previously larger
ecosystems and habitats is threatening the biological integrity of ecosystems and the
survival of some far-ranging or critical wildlife species. Because this wild land
conversion is often in part a product of people seeking to meet their basic
development and subsistence needs, efforts have shifted from a confrontational
approach between protected areas and local people to an approach that seeks to
meet both conservation and development needs. Protected areas therefore, need to
be part of broader regional approaches to land management. The landscape or
bioregional management approach has been used to describe extensive areas of
land and water that include protected areas and surrounding lands, preferably
complete watersheds (McNeely, 1994; Freezailah, 1995; Miller, 1999; Scott et. al.,
1999).

Integrated management of the whole landscape, including forests allocated for
timber production, is now both a social and an ecological necessity. Wildlife
protected areas must of course still be seen as the jewels in the crown of any
nation's endowment of natural resources. However, with the degree of land use
change and population pressure on most protected areas, other forest lands must
also provide much of the substance in the crown. They must, therefore, be managed
to provide both immediate sustenance and economic benefits for the dependent
communities that live in and near the forests or other wild lands, and the broader
range of environmental values and services essential for the future of human kind.
Thus, the production or managed forests (MFs) must be managed as a vital
cbmplement to protected areas (PAs), so that extensive areas of natural and semi-
natural forest are retained to secure as full a complement of biodiversity and options
for future generations as is humanly possible. The role of intervening and adjoining




private lands including agricultural areas is still important to maintain the quality of

corridors or connecting links, and to minimize negative boundary effects, e.g.
poaching and crop depredation.

1.3  The Major Project

The present study is part a of the major WII-USDA Forest Service collaborative
project entitled “Management of Forests in India for Biological Diversity and Forest
Productivity — a New Perspective”. The principal aim of the project was to
demonstrate an approach to achieving integration of concerns in India for biological
diversity, forest based products and their sustained flow in support of technological,
economic and social benefits to urban and rural sector lifestyles. The project was
field based and addressed four sites on distinct geographical locations. Each of the
sites included select Protected Areas (PAs — National Park, Wildlife Sanctuary;
Managed Forests (MFs); and other government, community or private intervening
lands so as to constitute a larger delineated landscape. Each of the sites was
designated as a ‘Conservation Area (CA)'. The present study specifically deals with
the Terai Conservation Area (TCA), one of the four sites.

1.4  Terai Conservation Area — A Fragile and Diverse Landscape

The Terai ecosystem, which the TCA represents, is one of the most threatened
ecosystems of India. The region is a vast flat alluvial plain lying between the
Himalayan foothills and the Gangetic Plains. It extends through Uttaranchal, northern
Uttar Pradesh and Bihar, northwestern Bengal, Assam, and southern Nepal. It forms
an integral part of the Terai-Bhabhar biogeographic sub-division of the Upper
Gangetic biotic province and the Gangetic Plains biogeographic zone (Rodgers and
Panwar, 1988).

Once, the Terai forests constituted a lush belt of green vegetation in the extensive
tract of alluvial Gangetic floodplains. The forest is mainly moist deciduous,
dominated by the most valuable Sal (Shorea robusta) forests of India. A significant
attribute of the sal forest ecosystem is the interspersed swamps, wet tall grasslands,
and dry grasslands or ‘phanta’ variously dominated by Saccharum spontaneum,




Saccharum narenga, Sclerostachya fusca, Imperata cylindrica, or Vetiveria
zizaniodes. The high water table, annual flooding and the synergistic influence of
traditionally practiced annual burning of grasslands are primary factors defining the
characteristics of this tract. The resulting complex woodland - grassland - wetland
ecosystem harbours a variety of floral and faunal life, including several charismatic,
and obligate species viz., tiger (Panthera tigris tigris), great one-horned rhinoceros
(Rhinoceros unicornis), swamp deer (Cervus duvauceli duvauceli), Bengal florican
(Hubaropsis bengalensis) and hispid hare (Caprolagus hispidus). The diversity and
biomass of large herbivores in intact Terai ecosystem alone equals or exceeds many
of the famous wildlife areas of East Africa (Lehmkuhl, 1994). Unfortunately, very
little of this productive ecosystem remains intact.

The TCA is the last and best remnant of the Terai ecosystem remaining in north
India outside Nepal and Assam. De (2001) has described the global to local
significance of the protected areas within the TCA, and potentially the nearby
managed forests under the landscape management strategy. Global and national
“values include the conservation of representative biodiversity and endangered
species such as the tiger, one-horned rhinoceros, swamp deer, Bengal florican,
hispid hare, and swamp partridge. Regional and state significance includes the
conservation of the Terai forest and grassland ecosystems, watershed and water
conservation, endemic tribal peoples (‘Tharu’), and ecotourism. Local values include
wildlife conservation, ecotourism and related economic activities, non-wood and

small timber products for local use, and socio-cultural-religious values.
1.5 Historical Background

Very little information of the history of TCA forests prior to 1861 is known, except that
they were under the control of the Raja Khairigarh for hunting reserves and
commercial uses (Leete, 1902). Most forests came under government control in
1861 and a Superintendent of Forests, subsequently known as the Conservator of
Forests, was appointed for their management. Some forests remained under the
private control of local ‘Zamindars’. The reserved forests were divided into the North
Kheri Forest Division (NKFD) and the South Kheri Forest Division (SKFD) on
respective sides of the Sharda River. Scientific management started in 1886 with



the development of the first Forest Working Plan. A succession of Working Plans
has guided forest management up to the present time (Srivastava, 1993; Srivastava,
2000; and De, 2001). Until 1968 and the establishment of the Dudwa Wildlife
Sanctuary, later Dudwa National Park in 1977, all reserved forests in the region were
managed for the commercial production of wood products and for the subsistence

needs of the local people. Wildlife was considered important, but secondary to the
production of wood and forage.

The balance of forest and agricultural lands largely remained stable until the post-
independence period after 1947 when large numbers of people were resettled from
Pakistan and provided with private forest, grasslands and wetlands to clear or drain.
Remaining private forests in the area were reserved after the abolition of the
zamindari system in 1952, and agricultural land held by the zamindars was
distributed to landless people. Since that time population has increased steadily,
32% during the 1991-2001 period alone (Banthia, 2001), as has the associated

subsistence pressures on forest and grassland resources.

Increasing human pressure on natural systems and increased national conservation
emphasis on the precious wildlife resources of the area resulted in steps to preserve
important wildlife and their habitats. In 1958, the relatively small (16 sq km)
Sonaripur Wildlife Sanctuary was established with the aim of protecting a relict
population of the swamp deer (Cervus duvauceli duvauceli). The area was
increased in 1968 and named Dudwa Wildlife Sanctuary. In 1977 more areas of the
NKFD were added to the Sanctuary and the enlarged area was declared Dudwa
National Park (DNP) with both core and buffer zones designated. Additional
managed forests of the NKFD were added to the buffer zone of DNP in 1991. To
further protect swamp deer, part of the SKFD was declared as the Kishanpur Wildlife
Sanctuary (KWLS) in 1981. In 1987, DNP and KWLS were brought together under
the 'Project Tiger' as Dudwa Tiger Reserve (DTR) under the management of a Field
Director. Management of KWLS was transferred to the Field Director of DTR in 1989.
The remaining managed forest areas of NKFD and the SKFD are managed

separately as regular reserved forests.



1.6 Information Review

Primarily the information on the Terai Conservation Area (TCA) comes in the form of
various official documents of the Forest Department. These include Forest Working
Plans (North Kheri Forest Division — Kakkar, 1964; Chandra, 1973; Gaur, 1982;
Srivastava, 1993 and South Kheri Forest Divison - Chandra, 1972; Rizvi, 1980; Pant,
1990; Srivastava, 2000); and Wildlife Management Plan for Dudwa National Park
and Dudwa Tiger Reserve (Singh, 1982; De, 2001). These documents provide
information mainly on the type and extent of forests, taxonomic checklists
(predominantly plants, birds and mammals), past forest management — silvicultural
practices, and socio-economic profiles. Singh (1997) has listed 821 species of
angiosperms in the flora of Dudwa National Park. It was only during 1980s that the
TCA attracted attention of researchers and since then several researches on
selected featured faunal species have been undertaken. Prominent among them
are: the ecology of swamp deer (Singh, 1984; Qureshi ef al., 1991); rhino habitat and
monitoring of reintroduced rhinos (Hajra and Shukla, 1983; Sale and Singh,1987;
Sinha and Sawarkar,1991); ecology of Bengal florican (Rahmani et al.,1990;
Sankaran and Rahmani, 1991); study on bird diversity (Javed, 1996); and ecology of
Black necked stork (Maheshwaran, 1998). Singh (1985) provided area statistics
under different vegetation types based on Landsat — 3 satellite data of November,
1981. Obviously, the focus of these studies was mainly on the biology and ecology
of species of concern. Thus, till date the baseline information on the structure,
composition and dynamics of forests, grasslands and swamps in a rapidly changing
landscape of TCA remained unattended. Likewise, detailed studies on grassland
diversity, succession and effect of burning, harvesting and grazing have also lacked.

1.7 The Aim

Keeping in view the above background, following basic questions were posed while
formulating the present study in TCA:

> What is the existing knowledge about the plant and animal diversity in TCA, their
habitat associations and the status, trends and spatial distribution of habitats and

species of particular interest?



» What are the current patterns of spatial heterogeneity at the landscape level?

What are the factors (natural, biotic, and of management) responsible for such
mosaic and diversity patterns?

» How the spatial mosaic has influenced the distribution of different vegetation
communities, species diversity and abundance of species of concern?

» What are the species-specific positive, neutral or negative associations and

factors responsible for them? What are the patterns of recruitment, growth and
mortality of species of concern?

» How does the burning practices influence grassland diversity, productivity and
wild ungulate use?

In a nutshell, the present study aimed to focus on the landscape spatial patterns,
their influence on species diversity and also the effect of various grassland burning
practices in the Terai Conservation area.

1.8 The Objectives

In order to achieve the above aim, the following objectives were set forth for the
present study:

> To assess, characterize and map the current landuse and landscape patterns.

» To identify, classify and describe vegetation communities, assess their extent
and geographic distribution in the landscape.

> To assess the influence of landscape spatial patterns on habitat and species of

particular management interest.

» To assess grassland burning practices vis-a-vis plant diversity, productivity,

ungulate use and make appropriate recommendations for the management.



1.9 Study Area - Location and Size

The TCA lies in four districts viz., Lakhimpur Kheri, Pilibhit, Shahjahanpur and
Bhairach of the State of Uttar Pradesh and is situated between Latitude N 27°49’ and
28°43' and Longitude E 81°01" and 81°18'. The TCA constitutes a spatial
heterogeneous landscape of PAs, including Dudwa National Park (DNP) and
Kishanpur Wildlife Sanctuary (KWLS), and managed forests (MFS) of North Kheri
and South Kheri Forest Divisions within a matrix of private agricultural lands. The
major portion of the TCA (~97%) comes under Lakhimpur Kheri (Fig.1.1). Dudwa
National Park is situated in Nighasan tehsil, Kishanpur Wildlife Sanctuary in Gola
tehsil, North Kheri Forest Division in Nighasan and Dhauraha tehsils and South Kheri
Forest Division in Gola, Mohamadi and Lakhimpur tehsils. The Indo-Nepal border
forms much of the northern border of the TCA, particularly the DNP.

Forest, grassland and wetland areas within PAs and MFs in the TCA encompass
1726.5 sq km, which is equally spilt between PAs (883.7 sq km) and MFs (842.8 sq
km) categories. The area of DNP is 490.3 sq km with an adjoining 190 sq km of
reserved forests as a designated buffer zone. Revenue agricultural areas (‘Tharu’
villages) of 180 sq km are enclosed within the TCA boundaries. The area of KWLS
is 203.4 sq km. The area of NKFD and SKFD are 427.9 sq km and 414.9 sq km,
respectively. The landscape assessment area (TCA) including protected areas,
managed forests and the agricultural matrix covered 7,896.6 sq km area (Table 1.1).

The TCA forests in DNP, KWLS, NKFD and SKFD are under different management
objectives and also different administration. DNP and KWLS constituted the Dudwa

Tiger Reserve.
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Table 1.1 - Area Statistics for the Terai Conservation Area
Sl.No. Category Area (sq km)
A. Terai Conservation Area
A1 Protected Areas (PAs)
(a) Dudwa National Park (DNP) - Core 490.3
(b) Buffer Area of National Park 190.0
(c) Kishanpur Wildlife Sanctuary (KWLS) 203.4
Sub-Total of Protected Areas 883.7
A.2 Managed Forests (MFs)
(a) North Kheri Forest Division (NKFD) 427.9
(b) South Kheri Forest Division(SKFD) 414.9
Sub-Total of Managed Forests 842.8
A3 Total Extent of Terai Conservation Area (TCA) 1,726.5
B Agriculture Area 6,170.1
C Total Landscape Assessment Area 7,896.6

1.10 TCA - Physiographic Conditions

1.10.1 Topography

The TCA is on the flat alluvial flood plains of the Suheli, Mohana and Sharda rivers.

The general aspect is north-west to south-east. The altitude ranges from 182 m

a.m.s.l. in the north to 150 m a.m.s.l. in the south-east. The altitude at Dudwa is

163 m, 183 m at Gauriphanta and 143 m at Mailani.

1.10.2 Soils

The soils of TCA forests are a recent alluvial formation (Singh, 1965) of the Gangetic

Plains. A soil profile showed a succession of sand and loam beds, varying in depth

according to the configuration of the ground. The surface soil is sandy, in more

elevated portions and along the high banks of the river to loamy in the level uplands,

and clayey in depressions. There is no boulder formation as in Bhabar sal tracts.




1.10.3 River and Water Bodies

Relevance of water in TCA is reflected in the fact that some 20 rivers and numerous
streams flow through the PAs alone. The TCA itself is drained by the Sharda and
Ghaghra rivers and their tributaries viz., Mohana, Suheli, Ull, Barrachha and Katna
rivers. The Mohana river runs along the north-east boundary, the Ghaghra river
along the eastern boundary, and the Gomti river along the southern boundary of the
assessment area. The Mohana and Suheli rivers form the natural boundaries of
Dudwa NationaI.Park, and the Sharda river forms the natural boundary of the North
Kheri Forest Division on south, the northern boundary in case of South Kheri Forest

Division and the Kishanpur Wildlife Sanctuary.

Flooding rivers inundate large areas of Lowland grasslands for 3-4 months during
the monsoon. Flooding rivers and meandering channels have considerable
influence on the spatial pattern of the landscape, particularly grasslands and riverine
forests. Erosion and accretion elsewhere are inherent dynamic process of the Terai
ecosystem. Flood waters carry considerable amounts of silt, which is deposited in
floodplain grasslands and forests. Shifting of river channels over time has left behind
many old channels where numerous seasonal and perennial swamps ('fals’) or
wetlands occur. Some 67 of these tals occur in the two PAs (De, 2001).

Prominent perennial tals or swamps viz.,, Khajua, Chhapra, Mutna, Bankey,
Bhandara, Kakraha, Amoha, Chhedia, Puraina, Nagra, Bhadi, Churaila, Ludaria,
Ranvas, Bhadraula, Teria, Madha, Chaluta and Jhadi widely intersperse in the TCA.
Joraha, Nagrol, Nakua and Newra ‘nalahs’ (streams) in the DNP and Barachha in
Kishanpur Sanctuary and SKFD are the prominent streams in the TCA. These
swamps (‘tals’) and streams significantly contribute in making the diverse habitats
and they are more or less throughout the TCA. In addition to these perennial
swamps, there are many low-lying areas or depressions those retain rain water for
some time after monsoon season and provide drinking water to wild animals.
Despite the entire area is traditionally water rich by way of interspersed rivers,
streams and swamps, several areas face water deficiency in summer season. This
deficiency can be mainly attributed due to the enhanced levels of siltation,

exploitation of ground water for irrigation of adjoining crop fields and reclamation of
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swamps in recent decades. In order to overcome this seasonal deficiency, the
Forest Department has created a large number of artificial water holes to supplement
water supply to wild animals. Supply of drinking water is mainly from tube-wells.
Some of the seasonal tals or artificial water holes are also being filled through some
of the bore wells.

1.10.4 Climate

The climate of the conservation area is a tropical monsoon type. The TCA
experiences three distinct seasons: winter (mid October to mid March), summer (mid
March to mid June) and monsoon (mid June to mid October). Consultations of old
Forest Working Plans for NKFD and SKFD revealed that the climatic data in terms of
maximum and minimum temperatures and rainfall used to be collected at atleast
8-10 different meteorological stations located in various forest ranges. The oldest
available climatic data dates back to 1936. In addition to this, climatic data in TCA is
also being collected by the Revenue Department, Irrigation Department and the M/s
Bajaj Hindustan Sugar Mills Limited (BHSML) at select locations. The Forest
Working Plans for the period between 1930s and 1970s have incorporated month-
wise and year-wise data on those two climatic variables and a trend can be
ascertained. The earliest available data on relative humidity is available for the year
1979, collected at the Gola Gokarnath by the M/s BHSML. Recent forest working
and wildlife management plans (Pant, 1990; Srivastava, 1993, Srivastava, 2000; De,
2001) also revealed that unfortunately no systematic data on climatic variables is
now being collected in different forest range locations and therefore, they have
mainly relied on the climatic data obtained from the M/s BHSML for Gola, Mohamdi
and Palia stations. The following section provides a gist of recorded values and
observed trends relevant to the climatic patterns in TCA.

1.10.4.1 Climatic Pattern

The TCA experiences extremes of temperature and humidity during different
seasons. Nights during winter are cold and foggy. Usually fog sets in evening hours
after sun set and persists until about middle of the next day. There is heavy dew fall

during winter months and the vegetation remains damp. Frosts occur frequently
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during December to middle of February. These are attributed to the general cooling
effects of the cold winds that flow down the Sharda valley and are most severe in
open grasslands (‘phantas’). Table 1.2 presents values of mean maximum and
minimum temperatures for each decadal period starting from 1959 in the case of
Gola Gokarnath station. The month of January is the coldest with mean maximum
temperature of 19.6°C and mean minimum temperature of 8.8°C. The months of
May and June are hottest with the mean maximum temperature rising upto 42.7°C.
The high temperatures during the day time are associated with hot westerly winds.
Hot winds blow strongly from the middle of April upto the end of May. These are

gradually replaced by easterly winds, which are prevalent during the rainy season.

The nights are moderately cool until the beginning of May.

Table 1.2 - Monthly Values of Mean Maximum and Minimum Temperatures for Gola
Gokarnath Over Four Decades

Months Temperature (°C)
1959-68 1969-78 1979-88 1989-98

January Max. 21.7 231 20.9 19.6
Min. 12.6 8.8 10.2 8.4

February Max. 26.0 28.8 241 23.3
Min. 12.6 9.6 11.6 10.7

March Max. 31.5 35.6 29.8 28.7
Min. 17.5 13.7 16.8 15.8

April Max. 37.9 41.0 36.5 35.7
Min. 25.5 20.1 23.3 19.5

May Max. 40.3 42.7 37.8 40.7
Min. 26.7 22.7 26.1 235

June Max. 38.0 41.9 37.3 38.6
Min. 27.9 21.2 27.8 202

July Max. 34.0 37.2 34.1 33.8
Min. 26.9 244 26.6 22.6

August Max. 334 36.6 34.6 34.6
Min. 26.3 24.0 26.7 26.4

September Max. 33.9 354 34.1 34.6
Min. 254 23.3 25.6 24.9

October Max. 32.0 34.8 32.2 32.7
L Min. 21.1 19.4 21.7 21.0
November Max. 27.3 30.3 27.9 28.1
Min. 14.8 13.0 16.0 16.6

December Max. 22.7 24.7 22.5 22.7
Min. 10.4 9.0 10.9 10.5

12
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Usually, the onset of monsoon is by the end of June or early July. The monsoon is
active during July-August and starts withdrawing by the middle of September. The
annual rainfall data for Gola Gokarnath for the past 40 years (1959-1998) was
examined and it provided an average annual rainfall value of 1,349 mm. Out of
40-year period, only three years (1965, 1987 and 1989) received less than 50% of
the average rainfall. The lowest annual rainfall (497 mm) was recorded in 1965
while the highest annual rainfall (1,970 mm) was recorded in the year 1971
(Fig. 1.2).

Fig. 1.2 - Average Annual Rainfall (mm) for Gola
Gokarnath Station for the Period 1959 - 1998
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Heavy rain, as much as 254 mm in one day alone was recorded on 20 August, 1963
at Gola. The Table 1.3 compares values of mean annual rainfall for four decades
(1959-1998) for Gola and Mohamdi stations. All values in the case of Mohamdi were

relatively lower than Gola.

Table 1.3 - Mean Annual Rainfall (mm) for Gola and Mohamdi Stations Over
Four Decades

Period Gola Gokarnath Mohamdi
1959-68 1,151 861
1969-78 1,386 1,096
1979-88 1,076 813
1989-98 975 952
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The monthly average distribution of rainfall at Gola and Mohamdi for the period
1989-98 is presented in Table 1.4,

Table 1.4 - Values of Monthly Average Rainfall (mm) and Relative Humidity (%)

Month Monthly Average Rainfall (1989-98) | Relative Humidity (%) 1998

Gola Gokarnath Mohamdi Gola Gokarnath Palia
January 15.0 17.2 74.3 92.0
February 26.0 26.4 65.7 92.9
March 11.4 9.6 67.5 90.6
April 8.0 6.5 57.2 75.8
May 19.5 201 50.0 88.0
June 89.5 87.1 53.2 69.0
July 282.2 289.9 77.0 90.6
August 314.4 296.4 78.8 94.5
September 150.0 154.8 682 902
October 33.1 29.0 62.1 87.1
November 57 4.2 54.7 90.6
December 13.5 9.9 49.8 89.1

Nearly 85-90% of the total rainfall is received in four monsoon months (June-
September). Usually November and December are the driest months. Small
quantity of winter rains are also recorded. The entire landscape is very humid
throughout the year. Values of relative humidity (%) for Gola and Palia stations for
the year 1998 are also presented in Table 1.4. In general, higher values of relative
humidity were recorded in the case of Palia, north of Sharda river while lower values
were recorded for Gola, south of Sharda. Highest values of relative humidity were
recorded in the month of August while lower values of relative humidity were

recorded in summer months.
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111  Organization of the Thesis

This thesis contains six Chapters. The Chapter 1 deals with the general introduction
highlighting the concerns for biodiversity conservation along with multiple forestry
objectives, the major research project, the aim, the objectives and also describes the
study area. The Chapter 2 describes the landscape perspective and spatial
heterogeneity in TCA. The Chapter 3 presents an assessment on the plant diversity
in different vegetation types, constituent areas, regeneration status of species of
concern and a comparison of PAs and MFs. The Chapter 4 highlights habitat use
pattern by featured faunal species of TCA and their conservation concerns. The
Chapter 5 deals with an experimental trial on grassland burning practices and their
effect on grass production and ungulate use. The Chapters 2 to 5 also incorporate
corresponding details of methodology used to achieve the objectives of relevant
theme presented in the respective Chapter. The Chapter 6 discusses the present
study adopting a holistic approach to evaluate the conservation implication vis-a-vis
the key stressors and the current socio-economic conditions in TCA. This Chapter
concludes the study by presenting specific future management needs. The
Chapter 6 is followed by a list of references.
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Chapter 2

The Landscape and Forest Spatial Heterogeneity

21 The Landscape Perspecti\)e and Spatial Heterogeneity

A landscape is a heterogeneous land area composed of a cluster of interacting
stands (patches) or ecosystems that are repeated in similar form throughout
(Forman and Godran, 1986). Landscapes reflect the totality of physical, ecological
and geographical entities, integrating all natural and human induced patterns and
processes (Naveh, 1987). Landscapes are not merely structurally unique in
composition, function and spatial pattern. They are also dynamic.

Heterogeneity is an inherent character of every landscape. Heterogeneity may be
defined as the uneven, non-random distribution of objects (Forman, 1995), and the
analysis of this pattern is of fundamental importance to understanding most
ecological processes and the functioning of complicated systems such as
landscapes. Heterogeneity and diversity are two related concepts, whereas diversity
describes the different quantities of the patches, heterogeneity represents the spatial
complexity of the mosaic (Farina, 1998).

Three different types of heterogeneity according to spatial, temporal and functional
components have been described. The spatial heterogeneity can be defined as the
complexity and the variability of a system in space (Li and Reynolds, 1994). This
may be seen as a static or dynamic pattern (Kolasa and Rollo, 1991). Temporal
heterogeneity has a meaning similar to spatial heterogeneity, but is measured as a
variation at one boint in space for different times. Functional heterogeneity is the
heterogeneity of ecological entities (distribution of individuals, populations, species

and communities).

Forest landscapes are rich in spatial heterogeneity from a variety of causes,
including the environment, biotic interactions and disturbance and succession.
Spatial patterns can have a strong influence on population dynamics and ecosystem
processes including the spread of disturbance. Human activities have had a
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profound effect on forest structure and pattern. In managed forest landscapes,
logging patterns often result in reduction in patch sizes and increase in edge (Spies
and Turner, 1999). The structure and composition of landscape, as well as changes
in them, influence the distribution, abundance and dynamics of different species
(Morris, 1987; Weins, 1986; Andern et al., 1997; Tomar, 1998).

Dunning et al. (1992) have described a landscape framework for understanding how
species are distributed across a complex mosaic of habitat patches or the ecological
processes that operate at the landscape level. The composition of habitat types in
landscape and the spatial pattern of these habitats are two essential features that
are required to describe any landscape. As such, these two features (composition
and pattern) affect the following four ecological processes that can influence
population dynamics and community structure:

> Landscape Complementation: Landscape complementation occurs when two
required patch type occur in close proximity within a landscape and then support
a larger population than do landscapes in which these habitats are far apart;

> Landscape Supplementation: Landscape supplementation means that the
population in a small focal patch may be increased if the patch is located in a
portion of the landscape that contains similar patches in proximity for additional
resource requirement;

> Source/Sink Relationships: The source/sink relationships occur when the
relatively productive patches serve as source of emigrants, which disperse to less
productive “sink” patches; and

> Neighbourhood Effect: The neighbourhood effect illustrates ability of an
organism to use the resources in adjacent patches depending upon the nature of
boundaries between the patches and to some degree, the shape and size of focal
patch itself.

Understanding the dynamics and heterogeneity of natural forest landscapes has thus
become very important as management objectives for forests increasingly
emphasize the maintenance of biological diversity. Using natural or semi-natural
ecosystems as a template for management is quite challenging, require
understanding not only of the patterns of forest change, but also the processes that
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underlie them (Spies and Turner, 1999). Forest fragmentation is one of the most
severe processes to reduce biodiversity.

2.2 Forest Fragmentation

The decline of forests is a global concern due to the pace and magnitude of its
conversion to other uses. Several studies have focused on the fragmentation
process as a central issue in landscape ecology and conservation planning (Wilcove
et al., 1986; Saunders et al., 1991; Thomas et al., 1997: Wiekham et al., 2000).
Most ecological studies of forest fragmentation have been undertaken from the
perspective of the impact of habitat loss and isolation on specific taxa, whereas a

fewer studies address the human factors that contribute to forest fragmentation.

The negative influence of fragmentation has been well documented on several
species of plants and animals, and on ecological processes (Andren, 1994).
Fragmentation takes account of both the loss and geographical isolation of habitat
and associated populations. After extinction from an isolated patch the probability of
recolonization strongly depends on the distance of fragments from the main core,
where animals persist, and on the quality of the surrounding habitat. Edge sensitive
species (interior species) can decline in abundance as habitat is broken up into small
pieces with relatively more edge than in large intact patches. Large or wide-ranging
species that require correspondingly large or well connected areas, such as large
predators disappear with potential outbreaks of species such as deer, which in turn
impact forage plants and other animals that depend on them. Such cascading
effects key starting point for further environmental degradation and disturbance
(Farina, 1998).

The increase in forest fragmentation as a general trend in natural habitats has
created small and isolated habitats/fragments or patches containing fewer species
then surrounding woodlands. The reduction of species has been attributed to the
high rate of extinction in small patches. In that case, the persistence of populations
in a heterogeneous environment can be ensured only by emigration and immigration.
The risk of local extinction and the probability of recolonization mainly depend on the

ability to maintain local populations or exchange of individuals. The success of
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colonization depends on many factors, such as the capacity to disperse. These
populations are generally considered as components of a metapopulation with sub-
populations that are connected by movement (immigration — emigration of
individuals) or a population of populations (Levins, 1970; Gilpin and Hanski, 1991).
Fragmentation is often interpreted by the general framework of the island
biogeography theory (MacArthur and Wilson, 1967). The metapopulation concept is

strongly related to island biogeography, considering both colonization and extinction
as fundamental processes.

Factors, viz., corridors, connectivity, presence of ecotones and the metapopulation
structure are considered important when fragmentation is studied at a landscape
scale. Fragmentation appears as a continuum process, and according to a
landscape perspective, matrix and patches are the elements that have to be used
when considering a landscape, fragmented or not. Fragmentation is perceived in
different ways by different species, and even for the same species it may be different
according to the season.

2.3 Landscape Characterization

Conservation strategies can be evolved using target species, populations and
communities at patch, landscape and regional scales. Farina (1998) has described
five common requirements for individual species viz., (a) size of habitat patch (grain
size); (b) homogeneity of patches (grain evenness); (c) distribution of habitat patches
(grain dispersion); (d) matrix surrounding patches; and (e) connectivity between
patches. The grain size of patches is species specific. Different species have
different sensitivities to five common requirements/characters. The conservation
programmes in agricultural landscapes are challenging and increasing with the
heavy impact of technology in recent decades. The aim is to maintain or restore
biodiversity by reversing the effects of habitat fragmentation, viz., increasing habitat
areas and connectivity of fragmented sub-populations. Conservation in disturbed
landscapes in which the mosaic heterogeneity has been depressed by human
activity may require a new disturbance regime. Prescribed fire is one of the most
used management tools to ensure heterogeneity in wet tall grasslands (Rodgers,
1986; Deb Roy, 1986; Lehmkuhl, 1989; Bell and Oliver, 1992; Peet, 1997). Although
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fire is relatively inexpensive tool this practice can be difficult to handle when the
managed areas are of limited size and creation of a mosaic is unrealistic.

Fahrig and Merriam (1994) and Farina (1998) have described the following three
elements of landscape spatial structure:

(i)

(ii)

(i)

24

Patch characteristics (size, shape and quality) - Larger patches have a
higher persistence of a population. The edge effect and the predator ratio can
be influenced by the patch size and shape. The size of a patch per se is not
enough to characterize the degree of persistence of local populations,
because two patches of the same size but with different edge amounts and
shapes can support populations differently. Patch quality is also equally
important e.g. the presence of old and soft wood trees can increase the

persistence of cavity hesting birds.

Spatial Configuration — The spatial arrangement of patches in a landscape
is extremely important. The position of habitat patches in a hostile matrix
seems more important than the dispersal routes. It is also important to
understand the landscape dynamics or the rate of spatial change.
Landscapes that are prone to abrupt and rapid changes will greatly influence
the populations.

Proximity and Corridors — The distance of a patch or a group of patches
from others is an important variable in mosaic analysis. The presence of
connectivity or corridors linking patches or different local populations is also

an essential component.

TCA - A Featured Landscape

The diverse and productive Terai ecosystem witnessed a massive change during the

country’s post independence era as a result of abrupt changes in landuse policy,

settlement of refugees, uncontrolled expansion of agriculture and the associated

large-scale reclamation/conversion of grassland and swamp habitats, heavy

deforestation, enhanced resource dependence and factors like fire, livestock grazing

and flash floods. These factors greatly reduced the once extensive Terai into

Smaller fragments.
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The TCA being the last, largest representative of the Indian Terai ecosystem has
also undergone several transformations during the past 8-10 decades, mainly
through: (i) the long history of forest management including timber felling, raising of
plantations, (ii) habitat management practices viz., grass harvesting, annual burning
of grasslands, weed control, water management, habitat restoration through
protection; and (iii) frequent flooding and changes in river course.

The resultant combined effect of above abrupt landuse changes and management
practices thus, provided an opportunity to study the existing mosaic of spatial pattern
and their ultimate effect on vegetation diversity, animal use and various ecological
relationships. < )

2.5 The Methodology

The methodology adopted for the assessmeht of forest spatial heterogeneity in TCA
is presented below. Whilst Chapter 3 and Chapter 4 describe methods used for the
assessment of resultant vegetation div"ei'sity and habitat use pattern by focal species.

2.5.1 Field Reconnaissance and Review of Literature

As stated earlier, the present study formed a part of the 6.5-year (1996-2001) major
WII-USDA Forest Service Collaborative Project. The field reconnaissance and
preliminary assessments in TCA were carried -out during 1996-1997. Extensive
consultations with field managers and review of available official documentation
(mainly, forest working plans and wildlife management plans) and other literature —
research papers and research dissertations were carried out prior to the field
reconnaissance and this was later followed by visits to different field sites in TCA.
This effort facilitated in getting the first hand impression of the floral and faunal
diversity, field complexities and realities. During the preliminary assessment period,
relevant Survey of India (SOI) toposheets, forest thematic maps and remotely
sensed data IRS IB LISS |l were obtained and intensively used as reference material
for getting acquainted with the study area. Combination of lraditional field
assessments and modern techniques viz., appllcatlon of“q*emately sensea“ data and

.5 Ing Aia.

Geographical Information System (GIS) was thus made for the preSent study:
PR SIS Sk PR S
?s ‘ !—q- ’, b Tl b
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2.5.2 Landscape Heterogeneity and Characterization

The false colour composites (FCC) of IRS IB LISS Il sensor of January, 1997 were
used to assess the landscape heterogeneity and characterisation. LISS Il sensor
has spatial resolution of 36.25m x 36.25m. Bands used for generating standard FCC
were green, red and infrared i.e. 2,3 and 4. The study area (TCA) was covered in 16
FCCs of geocoded data on 1:50,000 scale. The corresponding SOI toposheet Nos.
62D/6,7,8,10,11,12,14,15,16; 63A/1,5,9,13; 62H/3,4 and 63E/1 were used to
delineate the landscape boundaries covering two protected areas (Dudwa National
Park and Kishanpur Wildlife Sanctuary), two managed forests (North and South
Kheri Forest Divisions), and intervening private agricultural lands and the preparation
of a base map of TCA. Permanent features like roads, railway lines and rivers were
marked on the base map. The field reconnaissance allowed recognizing and relating
various vegetation and landuse cover types to their tonal variation on the satellite
images. Intensive ground validation was undertaken to develop an interpretation
criteria for stratifying forest into different vegetation types. Based on the image
properties and the ground feature relationships, an interpretation key was developed
(Table 2.1).

Table 2.1 - Interpretation Key For Landuse/Vegetation Classes in TCA Using IIRS 1B
LISS Il Data Band Combination 2, 3 and 4 on 1:50,000 Scale and Ground
Features for Visual Interpretation

22

Sl. | Tone Texture Pattern Physiography/ Vegetation/ Prominent Species
No. Location Landuse
Type
A | Forests
1 | Brightred to Smooth to | Regular | Mainly on old Dense Sal Shorea robusta,
medium red medium alluvial plain and Forest (>60%) | Mallotus
‘damar’ (upland) philippensis,
areas Syzygium cumini,
Terminalia alata,
Ehretia laevis
2 | Medium red | Medium Ranging | Occurs on high/low | Moderately Shorea robusta,
to dull red between | alluvial areas Closed Sal Mallotus
regular Forest philippensis,
and (40-60%) Syzygium cumini,
irregular Terminalia alata,
Miliusa velutina
3 | Red with Coarse Irregular | Occurs on low Open Sal Shorea robusta,
blackish tinge alluvial areas Forest (<40%) | Mallotus
philippensis, Millusa
velutina, Syzygium
cumini with
occasional gap
plantations of
Tectona grandis
Contd....



Table 2.1 contd...
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4 | Bright to Medium to | Irregular | On gentle slopes, | Sal Mixed Shorea robusta,
medium red | coarse old river terraces | Forest Mallotus
and around philippensis,
grasslands Syzygium cumini,
Lagerstroemia
parvifolia with
plantations of
| Tectona grandis
5 | Dark brown | Coarse Regular | Occurs as Chandar Sal | Shorea robusta,
with bluish interspersed Forest Mallotus
tinge patch in philippensis,
grasslands areas Bauhinia
racemosa, Bridelia
squamosa,
Syzygium cumini
6 | Redtotan Coarse Irregular | Along river, Tropical Syzygium cumini,
streams, mainly Semi- Ficus racemosa,
Suheli, Jauraha Evergreen Mallotus
and wet Forest philippensis,
depressions Trewia nudiflora,
Schleichera
oleosa
7 | Brownish Coarse Irregular | Mostly on Moist Mixed Mallotus
red with uplands and in Deciduous philippensis,
greenish peripheral areas | Forest Syzygium cumini,
tinge adjoining rivers Ficus racemosa,
Trewia nudiflora,
Dalbergia sissoo
8 | Mediumred | Mediumto | Irregular | Along perennial Tropical Syzygium cumini,
coarse rivers viz. Suheli, | Seasonal Mallotus
Ull, Barachha, Swamp philippensis,
and Katna Forest Barringtonia
acutangula,
Trewia nudiflora,
Ficus racemosa
9 | Lightto Medium to | Irregular | In low lands Khair & Acacia catechu,
medium coarse along major Sissoo Forest | Dalbergia sissoo,
brown rivers viz. Sharda Bombax ceiba,
and Ghagra Haldina cordifolia
10 | Bluish to Coarse Irregular | On river islands Tamarix Tamarix dioica,
yellow along Sharda and | scrub Saccharum
Ghagra rivers spontaneum,
Phragmites karka,
Typha angustifoila
11 | Yellow to Coarse Irregular | Along the road, Plantations Tectona grandis,
red with railway lines and Eucalyptus
black tinge clear felled sal citriodora
forests
B | Moist Sal Savannah
12 | Light grey to | Fine to Regular | Upland areas Upland Imperata
greenish medium Grassland cylindrica,
yellow Desmostachya
bipinnata,
Saccharum
spontaneum
Contd...
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13 | Light to dark | Medium to | Regular | In low land areas Lowland Sclerostachya
bluish grey | fine and along fresh | Grassland fusca, Saccharum
alluvial of Suheli, narenga,
Ull, Sharda and Phragmites karka,
Ghagra rivers Saccharum
spontaneum
C | Wetlands
14 | Dull Fine Regular | In depressions Swamp Nelumbo nucifera,
greenish and low lying Hydrilla verticillata,
blue areas Oryza sativa,
Nymphaea
nouchali
15 | Light blue Fine Regular | Natural course of | River .
with Mohana, Suheli,
variation in Sharda and
depth Ghagra rivers
16 | White Fine Regular | Along the banks | Sandy bank -
of Mohana,
Sharda and
Ghagra rivers
D | Agriculture
17 | Brilliant red- | Medium to | Irregular | Alluvial plains, Agriculture Sugarcane, Rabi
sugarcane; | coarse Mosaic of regular crops (Wheat,
other crops geometrical Mustard)
— greenish shapes of
blue to light croplands
pink

The image elements considered for interpretation were tone, texture, pattern,
physiography, location and association. Desired ground validation work was
undertaken in predetermined and representative sites. The interpretation key and
field knowledge was used for extending the interpretation and to prepare the
landuse/vegetation type map of the conservation area in GIS domain using
ARC/INFO 8.0.2 software. Broadly, the visual interpretation process for landuse and
vegetation mapping was used as described by Ravan and Roy (1997) and Tomar
(1998).
2.5.21 Landscape Metrics

Landscape ecology allows to study the effect of landscape pattern on ecological
processes (Turner, 1989). The most common method for quantifying landscape
patterns is to capture information of a particular spatial pattern into a single variable.
Such variables are commonly referred to as landscape metrics or landscape

indexes.
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The smallest sampling unit used in remote sensing and raster data referred as
picture element or pixel is basically used in all analysis. A contiguous cluster of
homogeneous pixels constitutes a ‘patch’. Several patch types together constitute a
typical landscape. These patch types are hereby designated as the
landuse/vegetation types or ‘classes’. The landuse/vegetation type (classes) map
generated for TCA based on the above described methodology using remotely
sensed data formed basic vital input for deriving landscape metrics.

A wide variety of landscape metrics and several software programmes to calculate
them have been described (O’Neill et al.,1988; Turner, 1989; Cullinan and Thomas,
1992; Frohn, 1997; Miller et al.,1997; Ravan and Roy, 1997; Tomar, 1998; Farina,
1998; McGarigal and Marks, 1994,1995).

Software FRAGSTATS*ARC version 3.02 was used in the present study.
FRAGSTATS, a spatial pattern analysis programme for quantifying landscape
structure is in wider use (McGarigal and Marks, 1994 and 1995). FRAGSTATS
quantifies the areal extent and spatial distribution of patches (i.e., polygons on map
coverage) within a landscape. An evaluation copy FRAGSTATS*ARC - v 3.0.2
(November 19, 2001) — Landscape Structure Analysis and Spatial Pattern Analysis
for ARC/INFO freely available on website was downloaded and installed in a Sun
Microsystem Ultra — 5. The operating system Solaris 7 and file inputs in ARC/INFO
8.0.2 were used. FRAGSTATS computed several statistical indices or metrics for
the landscape mosaic under consideration. Indices thus, obtained mainly
characterized: (i) each patch in the mosaic; (ii) each patch type (class) in the mosaic;
and (iii) the landscape mosaic as a whole. The developers of this software have
appropriately cautioned about the application and interpretation of different metrics in
the absence of adequate understanding of various concepts and exact meaning of
each metric before it is used. Thus, only relevant, meaningful and easily
interpretable in the present context and to various phenomenon in the landscape
under consideration have been actually used in describing the results and
discussion. These selected metrics are summarized below:

In general, every patch in the landscape (or class) was counted. FRAGSTATS does
not sample patches from the landscape, instead it censused all patches in the entire
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landscape. Many of the patch indices have counterparts at the class and landscape
levels e.g. instead of considering a single patch, the programme considered all
patches of a particular type for the corresponding class indices. Likewise, many of
the landscape indices were derived from patch or class characteristics.
Consequently, many of the class and landscape indices were computed from patch
and class statistics by summing or averaging over all patches or classes. Class
indices represented the spatial distribution and pattern within a landscape or a single
patch type (landuse/vegetation type); whereas, landscape indices represented the
spatial pattern of the entire landscape mosaic, considering all patch types
simultaneously. In addition to the above standard patch, class and landscape
indices, relevant metrics for each of the constituent areas i.e. DNP, KWLS, NKFD
and SKFD as well as two PAs (DNP and KWLS) and MFs (NKFD and SKFD)
combined were also computed by suppressing or merging relevant portions during
the analysis.

2.5.2.1.1 Measures of Patch Characteristics

FRAGSTATS computed several simple metrics representing patch size, shape, edge
and core area. The patch size or area (AREA) of each patch comprising a
landscape mosaic is the single most important and useful piece of information
contained in the landscape. Patch area has a great significance of ecological utility.
Patch size alone can influence the floral and faunal composition, productivity and
dynamics. Therefore, patch size information has been greatly used to model species
richness, patch occupancy and species distribution patterns in a landscape given the
appropriate empirical relationships derived from field assessments (Ambuel and
Tenpala, 1983; Robbins et al., 1989; Forsman et al., 1984; Tomar, 1998; Johnson
and Lawrence, 2001; Naugle et al., 2001, Hinsley, 2000; Vos et al., 2001).

Class area (CA) a measure of landscape composition described how much of the
landscape is comprised of a particular patch type, Several vertebrate species
specialize on a target patch type (habitat) exists within the landscape.  Lehmkuhl
and Raphael (1993) have described that the late-seral forest area might be a good
index of habitat suitability within landscape wherein the size of spotted owl home
ranges. Total landscape area (TA) defined the extent of the landscape. TA was

26



m— R

used in computation of several class and landscape level metrics. The landscape
similarity index (LSIM) represented the per cent of the landscape occupied by the
same patch type. The largest patch index (LPI) at the class and landscape levels
denoted the percentage value of total landscape area occupied by the largest patch.

Subsequent to patch size, patch perimeter and amount of edge were considered
other useful variables. Patch perimeter measured the perimeter of each patch
composing a mosaic. The perimeter to area ratio provided patch shape. Several
metrics have been in use to characterize patch shape. Total amount of edge in a
landscape is important to many ecological phenomena. Early wildlife management
efforts were focussed on maximizing edge habitat because it was believed that most
species favoured habitat conditions created by edges and that the juxtapositioh of
different habitats would increase species diversity (Leopold, 1933). However, it is
now widely accepted that edge effects must be viewed from an organism centered
perspective because edge effects influence organisms differently; some species
have affinity for edge, some are unaffected, and others are adversely affected as
they are dependent upon forest interior conditions (Laurance, 1991; Laurance and
Beirregaard, 1997). FRAGSTATS also computed several indices those quantify
landscape configuration in terms of the complexity of patch shape at the patch, class
and landscape levels. The shape index (SHAPE) measured the complexity of patch
shape compared to a standard shape i.e. a circular standard shape index is
minimum for circular patches and increases as patch become increasingly non
circular. The shape index was also applied at the class and landscape levels as
well. Mean shape index (MSI) measured the average patch shape or the average
perimeter to area ratio for a particular patch type (class) or for all patches in the
landscape (McGarigal and Marks, 1995).

The area-weighted mean shape index (AWMSI) of patches was calculated by
weighting patches according to their size. Large patches were weighted more
heavily than smaller patches in calculating the average patch shape for the class or
landscape. The landscape shape index (LSI) measured the perimeter-to-area ratio
for the landscape as a whole on the basis of ‘average’ patch shape indices. The
other basic type of shape index computed was based on the fractal dimension. A
fractal is an object that has fractional dimensions and which at a changing scale of
resolution shows self-similarity (Mendelbrot, 1977 and 1982; Farina, 1998). In other
words, a fractal is a shape made of parts similar to the whole in some way.
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FRAGSTATS calculated the fractal dimension (FRACT) to characterize individual
patches. The mean patch fractal dimension (MPFD) was calculated on the basis of
fractal dimension of each patch. The values of area-weighted mean patch fractal
dimension (AWMFPD) were also obtained at the class and landscape levels by
weighting patches according to their size, similar to the area-weighted mean shape
index.

The software also computed several metrics on core area at the patch, class and
landscape levels. Core area is defined as the area within a patch beyond some
specified edge distance or buffer width. In the present study, a buffer width of 100 m
from the edge was considered appropriate for the diversity of focal species in the
landscape. All computations for the core area metrics were thus made using this
width. The core area metrics reflected both landscape composition and landscape
configuration. Core area has been found to be a much better predictor of habitat
quality than patch area for the forest interior specialists (Temple, 1986). Unlike
patch area, core area is affected by patch shape. Thus, while a patch may be large
enough to support a given species, it still may not contain enough suitable core area
to support the species. Metrics viz., Core area (CORE) at the patch level, total core
area (TCA) at the class and landscape levels, and core area per cent of landscape
(C% LAND) at the class level were computed. The latter index quantifies the core
area in each patch type as a percentage of total landscape area. For organisms
having strong affinity with patch interiors, this index provides a better measure of
habitat availability than its counterpart. The core area indices integrate into a single
measure the affects of patch area, patch shape and edge effect distance. Thus,
although they quantify landscape composition, they are affected by landscape
configuration. The total core area at the class level also signifies the habitat
fragmentation, because fragmentation affects both habitat area and configuration.
Further, each patch may actually contain several disjunct patches of suitable interior
habitat. FRAGSTATS, thus provided the number of core areas (Disjunct) in each
patch (NCORE), as well as the number in each class and the landscape as a whole
(NCA). Values of core area index (CAl) at the patch level and the total core area
index (TCAI) at the class and landscape levels quantifying core area for the entire
class or landscape as a percentage of total class or landscape area, respectively

Were also obtained.
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In addition, several other indices as measures of variability among patches in core
area size were computed and used in characterization of the landscape.

2.5.2.1.2 Measures of the Spatial Arrangements of Patches 4

FRAGSTATS computed several metrics characterizing the spatial arrangement of
patches based on their types, number, density, dominance and evenness. These
metrics basically quantified landscape composition as they are not spatially explicit
measures. Forest fragmentation leads to high patch density and affects corridors of
pollination, species dispersal, movement and migration and multiplication (Tomar,
1998; Farina, 1998; McGarigal and Marks, 1995). Number of patches (NP) of a
particular habitat type also influence a variety of ecological processes. For example,
the number of patches may determine the number of sub-populations in a spatially
dispersed population, or metapopulation for species exclusively associated with that
habitat type. A patch type that is highly subdivided is presumed to have more
resistant to the propagation of disturbance (e.g. disease, fire, etc.) and thus more
likely to persist in a landscape than a patch type that is contiguous (Franklin and
Forman, 1987). A landscape with a greater number of patches is thus recognized to
have a finer grain; that is, the spatial heterogeneity occurs at a finer resolution.
Patch density (PD) expressed number of patches in a unit area. The density of
patches in the entire landscape mosaic serves as a good heterogeneity index
because a landscape with greater patch density would have more spatial
heterogeneity.

Diversity measures have been widely used in a variety of ecological implications.
FRAGSTATS computed three diversity indices as a measure of richness and
evenness. Richness refers to the number of patch type present, evenness refers to

the distribution of area among different types.
2521.3 Measures of Distance and Spatial Intermixing

The distance of a patch or a group of patches from others and their spatial

intermixing are important parameters in mosaic analysis. Distance means energy
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loss for moving and increased predation risk (Farina, 1998). Distance also means
connectedness and connectivity.  Interspersion is g measure of the spatial
intermixing of habitats/landuse and is computed in a nonspecies-specific manner
(Lyon, 1983). Juxtaposition is the measure of proximity of the vegetation type and
thus, a species-specific measurement. Association of natural and man made
vegetation types can be evaluated through juxtaposition. FRAGSTATS computed a
interspersion and juxtaposition index (IJ1) that is applicable at both the class and
landscape levels. Each patch was evaluated for adjacency with all other patch
types; like adjacencies are not possible because a patch can never be adjacent to a
patch of the same type. Patch insularity is a function of many things, including
distance between the patch and its nearest neighbour, age of the patch or its
duration of isolation, connectivity of the patch with neighbours (e.g., through
corridors), and the character of intervening landscape. The permeability of a
landscape for some organisms may depend on the character of the intervening
landscape. The degree of contrast between the focal habitat patch and the
surrounding landscape may influence dispersal patterns and survival and thus,
indirectly affect the degree of patch isolation. Dunning et al. (1992) has described
four possibilities of the use of resources in adjacent patches by organisms (see
section 2.1).

2.5.2.1.4 Patch Distribution

FRAGSTATS computed several metrics characterizing each patch in a class or
landscape. Values of Patch Area (Area_HA) were used to understand patch
distribution in pre-determined patch area classes, adopting the usual presentation
style of distribution of trees in standard girth classes. Number of patches were
segregated in different patch area classes for select forest and non-forest classes,
constituent areas, forestland, and the overall landscape. Eight patch area classes
Viz., <=50 ha, >50-100 ha, >100-250 ha, >250-500 ha, >500-1,000 ha, >1,000-2,000
ha, >2,000-3,000 ha, and >3,000 ha were constituted to distribute all patches
deciphered in the landscape as well as only in the forestland. Likewise, five patch
area classes viz.,, <=10 ha, >10-25 ha, >25-50 ha, >50-100 ha, and >100 ha were

Pre-determined for segregating patches of grasslands, swamps and plantations.
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26 The Results

The following section describes landuse/land cover types and forest spatial
heterogeneity in the studied landscape.

2.6.1 Landuse/Land Cover Types

The TCA constituted a spatial heterogeneous landscape (7,896.6 sq km) of forest —
grassland — wetland complex within a matrix of sparsely distributed habitations and
their extensive agricultural land. The landuse/land cover map generated for the TCA
using the satellite data of January, 1997 is given in Fig. 2.1 while the landuse pattern
is presented in Table 2.2.

Ten different forest types including plantations and seven non-forest categories (two
types of grassland, scrub, swamp, river, sandy bank and agriculture with sparsely
located habitations) were identified and delineated based on the satellite data and
ground validation. Five different Sal (Shorea robusta) forest types viz., Sal (>60%),
Sal (40-60%), Sal (<40%), Sal Mixed and Chandar Sal were deciphered. Four other
prominent forest types were: Moist Mixed Deciduous, Tropical Semi-Evergreen,
Tropical Seasonal Swamp and Khair and Sissoo (Acacia catechu and Dalbergia
sissoo) forests. Grasslands were classified in two types: (i) Upland grasslands — well
drained grasslands which does not retain rain water and thus, drier in nature; and (ii)
Lowland grasslands — tall, wet grasslands in lowlands those are seasonally wet or
remain marshy for several months following monsoonal flooding and also in marsh
(water-logged all year round) like situation. A separate category of Tamarix scrub
dominated by Tamarix dioica shrub was recognized on scattered islands in Sharda
and Ghagra rivers. The Tropical Seasonal Swamp forests occurred along streams

and tributaries of river Sharda. Several interspersed swamps were also mapped.

Landuse/land cover pattern assessed for the entire landscape, forestland, each
constituent area (DNP, KWLS, NKFD and SKFD), and a comparison between two
PAs and two MFs combined are described in the following section, one by one for

each of the category.
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2.6.1.1 Landscape

The forestland including the above deciphered forest types with interspersed
grasslands, scrubs, swamps, rivers and plantations within two PAs (DNP and KWLS)
and two MFs (North and South Kheri Forest Divisions) covered 1,726.5 sq km or
25.8% of the landscape. The landscape matrix including several small towns and
villages alongwith their agricultural area occupied 5,861.9 sq km or 74.2% of the
landscape. The Table 2.2 presents a comparative account of actual area covered
and percentage proportion of each of the identified forest and non-forest type

categories in the landscape and just in the forestland (PAs and MFs) that was under
the control of U.P. Forest Department.

It is evident that very little productive natural ecosystem — forests, grasslands and
swamps have remained intact in the TCA which was otherwise famous till recent
past for contiguous, dense forests and lush tall wet grasslands. Enhanced human
presence during the post independence period resulting from the settlement of
immigrants and the implementation of various developmental schemes have caused
the area to become more conveniently accessible. Large scale conversion of natural
forests/grasslands and reclamation of swamps for agricultural purposes have led to
disappearance of forests and other natural vegetation in this vast landscape. More
and more areas are being brought under the plough. Thus, the landscape
Possessed a meager 14% land under different forest types those too with a long
history of management. Grasslands and swamps occupied only 2.8% and 0.5% of
the landscape, respectively. Whilst extensive plantations of teak (Tectona grandis)

and Eucalyptus citriodora covered 1.7% of the landscape.

2.6.1.2 Forestland

While considering only the forestland, that was under the control of UPFD, different
forest types occupied 73.0% of the forest area. Out of this, different five Sal (Shorea
robusta) forest types covered 44.5% of the forestiand. Among five Sal types, Sal
With >60% canopy, Sal with 40-60% canopy, Sal with <40% canopy, Chandar Sal,
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and Sal Mixed were deciphered. For the convenience, former three types are

hereby referred as dense Sal, moderately closed Sal, and open Sal , respectively.

Table 2.2 - Landuse/Landcover Types in TCA

Sl. | Landuse/Landcover Types Area % Area | Area (sq km) | % Forested
No (sqkm) | of TCA | in Forested | Tract
Tract
A | Forests
1 | Dense Sal (>60%) Forest 91.0 1.2 91.0 5.3
2 | Moderately Closed Sal (40-60%) Forest 281.4 36 281.4 16.3
3 | Open Sal (<40%) Forest 348.3 44 348.3 20.2
4 | Sal Mixed Forest 17.4 0.2 17.4 1.0
5 | Chandar Sal Forest 28.6 0.4 28.6 1.7
6 | Moist Mixed Deciduous Forest 160.0 20 160.0 9.3
7 | Tropical Semi-Evergreen Forest 10.8 0.1 10.8 0.6
8 | Tropical Seasonal Swamp Forest 43.2 0.6 43.2 25
9 | Khair and Sissoo (Acacia catechu and
Dalbergia sissoo) Forest 1184 e 119.1 6.8
10 | Tamarix Scrub 25.3 0.3 25.3 1.5
11 | Plantations 132.3 1.7 132.3 7.7
Sub Total of Forests 1,257.4 16.0 1,257.4 73.0
B | Grasslands
12 | Upland Grassland 55.9 0.7 55.9 3.2
13 | Lowland Grassland 166.0 2.1 166.0 9.6
Sub Total of Grasslands 221.9 2.8 221.9 12.8
C | Wetlands /4
14 | Swamps 39.2 0.5 12.3 0.7
15 | Rivers 169.9 2.2 50.4 29
16 | Sandy Banks 346.3 44 74.6 43
Total of Forests-Grasslands-Wetland 20347 | 259 1,616.6 93.7
Complex
D | Agriculture
17 | Agriculture 5,861.9 | 74.2 109.9* 6.3
Grand Total (Entire Landscape as well as 7,896.6 | 100.0 1,726.5 100.0
only Forested Tract)

*109.9 sq km forestland in the landscape was found encroached and under cultivation.

The Moist Mixed Deciduous, Tropical Semi-Evergreen and Tropical Seasonal
Swamp forests occupied 9.3%, 0.6% and 2.5% of the forestland, respectively.
Plantations covered 7.7% of the forested tract. Interspersed grasslands (Upland and
Lowland) together represented 12.8% of the forestland. The Upland and Lowland
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grasslands occurred in 1:3 ratio. Rivers and swamps together occupied 3.6% of the
forested tract. Sandy banks devoid of any vegetation occurred along rivers covered

4.3% of the forestland. Forestland to the extent of 109.9 sq km or 6.3% was found
actually encroached and under cultivation.

2.6.1.3 Constituent Areas

Landuse/land cover pattern in each of the constituent areas (DNP, KWLS, NKFD
and SKFD) is presented in Table 2.3. The values of fbrest cover in four constituent
areas ranged from 41.8% (NKFD) to 90.6% (SKFD). The forestland to the extent of
109.9 sq km or 25.7% of the forest area was found encroached and being cultivated
in the case of NKFD. Forests in DNP and KWLS occupied 79.3% and 80.3% area,
respectively. The extent of plantations was maximum, being 20.1% in SKFD,
followed by 5.8% in KWLS and 5.0% in DNP. The NKFD had the lowest area under
plantations, being 0.8%. This lowest value can be attributed to the fact that majority
of the plantations raised in NKFD were of Acacia catchu, Dalbergia sissoo and other
miscellaneous species and as such extensive plantations could not be separated
from the Khair and Sissoo forest. Gaur (1982) in the forest working plan for NKFD
has documented that the extent of natural forest was just 14.5% while plantations of
Khair and Sissoo alone occupied 20.2% land of the entire Forest Division.
Encroached and leased forestland covered 17.8% while unproductive area under
rivers, firelines, roads, etc. constituted 14.4% of the NKFD.

\ >

The DNP harboured all major forest and grassland types, except Chandar Sal forest
and Tamarix scrub those were absent. On the contrary, dense Sal and Tropical
Semi-Evergreen forest types confined to DNP only and represented 13.4% and 1.6%
area, respectively of the national park. The maximum extent, being 43.2 sq km or
77.2% of the Upland grasslands of TCA occurred in DNP. Likewise, almost 50% of
the Lowland grasslands also occurred in DNP. Tamarix scrub was absent in DNP.

The KWLS had the maximum extent of Chandar Sal forests. Dense Sal, Tropical
Semi-Evergreen, and Khair and Sissoo forest types were absent in KWLS. The
KWLS also harboured the maximum extent of Sal Mixed forest, being 3.5% among
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the four constituent areas. The relative proportion of the Lowland grassland was
also maximum in KWLS.

The dense Sal and moderately closed Sal forest types were absent in the managed
forest north of Sharda river i.e. NKFD. However, open Sal occurred in NKFD. Its
area proportion in NKFD was the least, being 1.6% amongst the four constituent
areas. Likewise, Chandar Sal, Sal Mixed, Tropical Semi-Evergreen forest types
were conspicuous in absence in NKFD. On the cohtrary, the maximum extend of
Khair and Sissoo and Moist Mixed Deciduous forests was recorded in NKFD among
the four constituent areas. Thus, NKFD harboured half of the Moist Mixed
Deciduous forests and almost two third of Khair and Sissoo forests, those recorded
in TCA. The actual area and percentage proportion of Swamps, Rivers and Sandy
banks was highest in NKFD. This was due to the fact that forest patches of NKFD
were located all along the Sharda and Ghagra rivers.

Dense Sal, Sal Mixed, and Tropical Semi-Evergreen forest types were absent in
SKFD. The forests in SKFD were mainly characterized by moderately closed Sal
and open Sal forests and extensive plantations. A small extent of Chandar Sal also
occurred in SKFD. The SKFD was relatively rich in Khair and Sissoo forests when
compared to two PAs. The maximum extent and percentage proportion of Tamarix
scrub was recorded in SKFD. In contrast to the NKFD, swamps were absent in

\ >

SKFD while only a small proportion of this managed forest was traversed by rivers.
Nearly two third (63.1%) of plantations recorded in TCA occurred in SKFD.

2.6.1.4 Comparison of PAs and MFs

The landuse/land cover pattern in two PAs and two MFs combined was compared
(Table 2.4). The area extent of two PAs (883.7 sq km) and two MFs (842.8 sq km)
was more or less same with slightly higher area in the case of PAs. Forests in the
case of two PAs including plantations covered 79.5% areas whilst different forests
occupied 65.8% area of two MFs. Three forest types viz., dense Sal , Sal Mixed and
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Tropical Semi-Evergreen forests were absent in two MFs. Different Sal forest types
alone covered 61.3% area of two PAs while on the contrary the extent of various Sal
forests in two MFs was just 37.9%. Two MFs together represented the higher
proportion of Moist Mixed Deciduous forest, being 11.1%, while two PAs had only
7.5% area under this forest type. The entire small extent of Tropical Semi-Evergreen
forest being 10.8 sq km in TCA was confined to DNP. Two PAs had greater
proportion (3.0%) of the Tropical Seasonal Swamp forest than two MFs (1.9%). Only
small extent of Khair and Sissoo forest, being 1.1% was registered in the case of two
PAs while two MFs represented higher proportion (13.0%) of this forest type. In fact,
more than 90% area of the Khair and Sissoo forest type occurred in two MFs. The
area covered under plantations was nearly double in the case of two MFs.

Two PAs had 17.6% of their area covered by two types of grasslands while the two
MFs had its only 7.7% area under grasslands. Nearly 3/4th area of the Upland
grasslands occurred in two PAs alone. Likewise, two PAs also possessed about
2/3rd area of the Lowland grasslands.

The extent of Swamps in two PAs combined was slightly higher, being 0.8% while
Swamps covered just 0.6% area of two MFs. Two MFs had bulk (~94%) area of the
Sandy banks while Sandy banks occupied just 5.0 sq km area or 0.6% area of the
two PAs.

The Dudwa NP had the enclaved agriculture and habitations of ‘Tharu’ tribals.
Agricultural area and habitations together formed the revenue land. Similarly
villages and their agricultural lands in the case of KWLS and SKFD also formed the
part of revenue land. Encroachment of forestland to the extent of 25.7% was
recorded in the case of NKFD and such encroached forestland was under plough.

2.6.2 Spatial Heterogeneity and Landscape Metrics

The spatial complexity of the Terai Conservation Area assessed at three scales viz.,
overall landscape, vegetation type (class) and the individual patch level is described

below one by one.

37



Table 2.4 - Comparison of Landuse/Landcover Patterns in PAs and MFs

"sl. | Landuse/Landcover Types Actual | % Area | Actual | % Area
No Areain |of Two | Areain | of Two
PAs PAs MFs (sq | MFs
(sq km) km)
A | Forests
1 | Dense Sal (>60%) Forest 91.0 10.3 - -
2 | Moderately Closed Sal (40-60%) Forest 186.3 21.1 95.1 11.3
3 | Open Sal (<40%) Forest 2245 | 254 123.8 14.7
4 | Sal Mixed Forest 17.4 2.0 - -
5 | Chandar Sal Forest 222 25 6.4 0.8
6 | Moist Mixed Deciduous Forest 66.3 75 03.7 11.1
7 | Tropical Semi-Evergreen Forest 10.8 1.2 - -
8 | Tropical Seasonal Swamp Forest 26.8 3.0 16.3 1.9
i Sissoo (Acacia
° gg?t;;la';ig Sissoo)(Fgrest catechu and 9.4 1.1 109.8 13.0
10 | Tamarix Scrub 25 0.3 22.8 2.7
11 | Plantations 45.5 5.1 86.8 10.3
Sub Total of Forests 702.7 79.5 554.7 65.8
B | Grasslands
12 | Upland Grassland 446 5.0 11.2 1.3
13 | Lowland Grassland 1119 12.6 54 .1 6.4
Sub Total of Grasslands 156.5 17.6 65.3 7.7
C | Wetlands
14 | Swamps 7.0 0.8 54 0.6
15 | Rivers 12.9 1.6 37.7 45
16 | Sandy Banks 5.0 0.6 69.8 8.3
D | Agriculture
17 | Agriculture - - 109.9* 13.0
Grand Total 883.7 100.0 842.8 100.0

* 109.9 sq km forestland (NKFD) in the landscape was found encroached and under cultivation

2.6.21 Landscape Level

The Landscape metrics were first computed for TCA. Later, in order to have a better
Picture of spatial complexity in the case of forestland alone which was actually
Surrounded by a vast matrix of agriculture, the forestland only was clipped while
Computing different metrics. A comparison between two PAs and MFs combined was

also made in a similar manner.
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26.2.1:1  Area Metrics

The Largest Patch Index (LPI) quantified the percentage of total landscape or
constituent area comprised by the largest patch (Table 2.5). The values of LPI
ranged from 3.6% (MFs) to 30.4% (TCA). This reflected that a contiguous block of
agriculture occupied 30.4% of the landscape. The largest patch of any one class in
the case of DNP covered 9.8% area of the national park. The lowest value of LPI in

the case of two MFs reflected that patches in the two managed forests were of
relatively smaller size.

Table 2.5 - Area Metrics at the Landscape Level

SI.No. | Landscape/Constituent Total Area Largest Patch Index - LPI

Areas (sq km) (%)
1 TCA 7,896.6 30.4
2 | Forestland 1, 726.5* 4.5
3 PAs 883.7 75
4 MFs 842.8* 3.6
5 DNP 680.3 9.8
6 KWLS 203.4 8.7
7 SKFD 414.9 6.3
8 NKFD 427.9* 6.9

*109.9 sq km forestland in the landscape was found encroached and under cultivation

2.6.2.1.2 Patch Density, Patch Size and Variability Metrics

As such, the number of patches (NP) ranged from 100 to 1,084 for the overall
landscape and other constituent areas (Table 2.6). This variation is also probably
due to difference in actual area of each constituent unit. TCA had the maximum
number of patches, being 1,084 while KWLS had the minimum number of patches
(100). The greater number of patches in a landscape denotes a finer grain; that is,
the spatial heterogeneity occurs at a finer resolution. Comparing two PAs, DNP had
the higher number of patches, being 393 than 100 patches in the case of KWLS.
Two PAs had greater number of patches than two MFs together. Although the
Number of patches in a landscape may be fundamentally important to a number of
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ecological processes, however, it conveyed no information about area, distribution,
or density of patches. Nevertheless, number of patches is probably most valuable
basis for computing other, more interpretable, metrics.

patch density (PD) expressed number of patches on a per unit area basis. The
values of PD varied from 0.1 patches/sq km to 0.7 patches/sq km. The lowest value
was obtained in the case of TCA indicating contiguous vast agriculture area (matrix).
The maximum value (0.7 patches/sq km) obtained in the case of NKFD can be
attributed to the fact that smaller, isolated forest fragments of NKFD had varying
patches representing various vegetation classes (forest types). The greater patch
density in the case of NKFD thus, expressed more spatial heterogeneity. Otherwise,
four constituent areas obtained more or less the same value of PD (Table 2.6).

The Mean Patch Size (MPS) is a function of the number of patches in the landscape
or an index of habitat fragmentation. The values of MPS in present assessment
varied from 1.5 sq km (NKFD) to 7.3 sq km (TCA). The lowest value of MPS in the
case of NKFD could be explained owing to its smaller forest fragments while the
highest value in the case of TCA can be attributed due to extensive contiguous crop
fields. Although, MPS was derived from the number of patches, it did not convey
any information about how many patches were present. = Moreover, MPS
represented the average condition. Variation in patch size thus, may convey more
useful information. FRAGSTATS has computed two of the simplest measures of
variability — standard deviation and co-efficient of variation. The Patch Size Standard
Deviation (PSSD) is a measure of absolute variation; it is a function of mean patch
size (MPS) and the difference in patch size among patches. The values of PSSD
obtained in the case of TCA was 83.7 sq km while values among four constituent
areas and other landscape units varied from 2.4 to 5.6 sq km. High value of PSSD
in the case of TCA denoted greatly varying patch sizes while relatively lower values
in the case of four constituent areas and other considered landscape units conveyed
uniformly sized patches. Although, PSSD expressed information about patch size

variability, it ignored the mean patch size.

The Patch Size Coefficient of Variation (PSCV) measured relative variability about
the mean. The values of PSCV varied from 159.9% (NKFD) to 1,149.1% (TCA).

40



These values clearly indicated that patches in the landscape (TCA) were actually
much more variable in size than in NKFD. Higher values (324.3%) of PSCV in DNP
than KWLS (166.3%) also indicated that patches in DNP were more variable in size
than KWLS. Likewise, while comparing two PAs and two MFs combined, higher

value, being 292.1% of PSCV in the case of PAs revealed that patches in PAs were
more variable in size than in two MFs.

Table 2.6 - Patch Density, Patch Size and Variability Metrics

Sl. Lands_capel Number of | Patch Mean Patch | Patch Size | Patch Size
No. | Constituent | Patches | Density - | Size - Standard | Coefficient
Areas (No.) PD (#/sq | MPS (sq km) | Deviation - | of Variation -
km) PSSD (sq | PSCV (%)
km)

1 | TCA 1, 084 0.1 7.3 83.7 1, 149.1
2 | Forestland 899 0.6 1.8 4.8 265.8
3 | PAs 493 0.6 1.8 5.2 292.1
4 | MFs 453 0.6 1.6 3.1 192.0
5 | DNP 393 0.6 1.7 5.6 324.3
6 | KWLS 100 0.5 2.0 3.4 166.6
7 | SKFD 243 0.6 1.7 3.6 209.2
8 | NKFD 211 0.7 1.5 24 159.9

2.6.2.1.3 Edge Metrics

Edge metrics represent the amount of edge or degree of edge contrast at the patch,
class and landscape levels (Table 2.7). Edge metrics thus, represent landscape
configuration. Total amount of edge in a landscape is important to many ecological
phenomena. Total Edge (TE) denoted absolute measure of total edge length of a
Particular patch type (class type) or of all patch types (landscape level). The values
of TE (Table 2.7) ranged from 365.8m/km (KWLS) to 6,011.0 m/km (TCA). This
index is of lesser utility while comparing the overall landscape or individual
Constituent areas as they greatly varied in size. Instead Edge density (ED) removed
this constraint and quantified edge to a per unit area basis that facilitated comparison
among overall landscape and constituent areas of varying size as in the present
case. The values of ED greatly varied from 761.2 m/sq km (TCA) to 2,018.9 m/sq
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km (DNP). The highest value of ED, being 2,018.9 m/sq km in the case of DNP than
KWLS (1,794.8 m/sq km) indicated the greater edge length per unit area or finer
resolution in the former. Likewise, the higher value of ED in the case of NKFD
(1,732.7 m/sq km) than SKFD also indicated finer resolution in NKFD. Two PAs
combined had greater image resolution than two MFs. The lowest value of ED,

being 761.2 m/sq km in the case of landscape (TCA) clearly indicated lower
resolution or lesser edge on the account of contiguous agricultural patch.

Table 2.7 - Edge Metrics

Sl. | Landscape/Constituent Areas Total Edge Length | Edge Density -
No. - TE (m/km) ED (m/sq km)

1 | TCA 6, 011.0 761.2

2 | Forestland 2, 839.1 1, 756.4

3 |PAs 1, 738.7 1, 967.0

4 | MFs 1, 106.9 1,511.3

5 | DNP 1,372.9 2,018.9

6 | KWLS 365.8 1,794.8

7 | SKFD 532.3 1, 283.8

8 | NKFD 551.1 1,732.7

2.6.2.1.4 Shape Metrics

FRAGSTATS computed different metrics those quantified landscape configuration in
terms of the complexity of patch shape at the patch, class and landscape levels
(Table 2.8). Important ecological processes or inter-patch processes viz., small
mammal migration, woody plant colonization and animal foraging strategies have
been shown to influenced by patch shape and size (Buechner, 1989; Hardt and
Forman, 1989; Forman and Godron, 1986). FRAGSTATS computed shape index on
the basis of perimeter — area relationships. The shape index (SHAPE) measured the
Complexity of patch shape compared with a circular standard; shape index is
Minimum for circular patches and increases, as patches become increasingly non-
Circular. The shape index was computed at the class and landscape levels. The
Mean Shape Index (MSI) measured the average patch shape, or the average
Perimeter-to-area ratio. The percentage values of MSI varied from 1.8 to 2.0.
FRAGSTATS also computed Area-Weighted Mean Shape Index (AWMSI) of
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patches at the class and landscape levels by weighting patches according to their
size. The values of AWMSI varied from 2.3 (SKFD) to 4.2 (TCA). The MSI and
AWMSI were based on the average patch characteristics. Alternative to this, the
FRAGSTATS computed the Landscape Shape Index (LSI). This index measured
the perimeter-to-area ratio for the landscape as a whole. The LS| quantified the
amount of edge present in a landscape of the same size and no internal edge. The
values of Landscape Shape Index (LSI) calculated using total edge length (TE)
varied from 7.2 (KWLS) to 19.9 (forestland in TCA). The value of LS| obtained for
the landscape (TCA) was 19.1. Higher values of LSI in the case of TCA as well as
forestland indicated divergence from a regular shape. Lower values of LS| in the
case of KWLS, SKFD and MFs indicated a move towards a more regular shape.
Two other shape indices viz.,, Mean Patch Fractal Dimension (MPFD) and Area
Weighted Mean Patch Fractal Dimension (AWMPFD) based on a fractal dimension
were also computed. Surprisingly, values of MPFD and AWMPFD computed for
TCA and other constituent areas were more or less same i.e. 1.2 to 1.3. This can be

attributed to the inherent limitations as described by McGarigal and Marks (1994).

Table 2.8 - Shape Index

Sl. | Landscape/ Landscape | Mean Area Mean Patch | Area Weighted
No. | Constituent Shape Shape | Weighted Fractal Mean Patch
Areas Index Index - | Mean Dimension | Frctal Dimension
Calculated | MSI (%) | Shape - MPFD - AWMPFD
Using TE - Index -
LSl AWMSI
1 | TCA 19.1 2.0 42 13 1.2
2 | Forested Tract 19.9 1.9 24 1.3 1.2
3 |PAs 16.5 1.9 29 1.3 1.2
4 | MFs 11.5 1.8 2.7 1.3 1.2
S | DNP 14.8 1.9 3.2 1.3 1.3
6 | KWLS 7.2 1.8 24 1.3 1.3
7 | SKFD 7.4 1.8 2.3 1.3 1.3
| 8 | NKFD 8.7 1.9 3.1 1.3 1.3
2.6.21.5  Core Area Metrics

Twelve different indices based on core area at the landscape level were computed.

Core area computed in the present case was within a patch beyond 100 m edge

43



p—

|,

distance or buffer width. Core area metrics reflected both landscape composition
and landscape configuration. Only select core indices useful in the present: context
are presented (Table 2.9). The values of Total Core Area Index (TCAI) varied from
55.0% (NKFD) to 86.4% (TCA). The lowest value of TCAI, being 55.0% in the case
of NKFD reflected the minimum available core area for interior species. This can
also be seen in conjunction with the lowest value of the Mean Patch Size (MPS).
The higher value of TCAI, being 63.1% in the case of two PAs than two MFs (60.8%)
reflected that larger contiguous fragments in the case of PAs possess more core
area than scattered, smaller forest fragments as in the case of two MFs. This
pattern was also confirmed by values of the Mean Core Area Per Patch (MCA1),
Mean Core Area Per Disjunct Patch (CASD1) and Patch Core Area Coefficient of
variation (CACV1). These core area indices were basically edge-to-interior ratios
like the shape indices presented above. These indices were relative measures and
they do not reflect patch size, class area, or total landscape area. Instead they
quantified the percentage of available area, comprised of core. For this reason,
these indices were better interpreted and reflected true picture of fragmentation in

each of the constituent areas vis-a-vis their respective corresponding area.

Table 2.9 - Core Area Metrics

Sl. Landscape/ Total Core Mean Core Patch Core Area | Patch Core Area
No. | Constituent AreaIndex - | Area Per Standard Coefficient of
Areas TCAI (%) Patch - Deviation - Variation -
MCA1 (sq CASD1 (sq km) | CACV1(%)
km)
1 TCA 86.4 6.3 80.3 1,2771
2 | Forestland 62.4 1.1 3.6 320.1
3 | PAs 63.1 1.1 4.1 361.3
4 | MFs 60.8 1.0 2.2 227.8
5 | DNP 62.9 1.1 4.4 404.8
6 | KWLS 63.8 1.3 25 194 .1
7 | SKFD 65.2 1.1 2.7 246.9
8 | NKFD 55.0 0.8 14 174.5
26.21.6  Diversity Metrics

The Patch Richness (PR) denotes the number of patch type present; it is not
affected by the relative abundance of each patch type or the spatial arrangement of
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patches (Table 2.10). The values of PR varied from 11 (NKFD) to 17 (TCA). The
lowest value in the case of NKFD was owing to the absence of dense Sal,
moderately closed Sal, Sal Mixed, Chander Sal and Tropical Semi-Evergreen forest
types while TCA also had a vast area under agriculture in addition to 11 forest and 5
non-forest categories as described in the foregoing section on landuse/land cover
types. Richness is partially a function of scale. Thus, larger areas are expected to
be richer owing to generally greater heterogeneity over larger areas than over
comparable smaller areas. In order to overcome this problem, the FRAGSTATS
also computed the Patch Richness Density (PRD) which denoted richness to a per
unit area basis. The values of PRD varied from 0.2 patches/sq km (TCA) and 6.0
patches/sq km (KWLS). The highest values in the case KWLS reflected greater
spatial heterogeneity. Relatively lower value, being 2 patches/sq km in the case of
. DNP was probably owing to the larger patches of Sal forests in the national park

area.

FRAGSTATS computed six indices those quantified diversity at the landscape level.
These diversity metrics quantified landscape composition and are influenced by
richness and evenness. Like diversity measures extensively used in ecological
applications, here richness refers to the number of patch type present while
evenness refers to the distribution of area among different types. In other words,
former reflected composition while the latter indice reflected structural components of
diversity.

The values of Shannon’s Diversity Index (SHDI) varied from 1.2 to 2.4. The lowest
value waé obtained in the case of landscape (TCA) while the highest value, being
2.4 was computed for the forestland. The lowest value in the case of TCA can be
attributed to vast disproportionate matrix of agricultural land while the forestland in
Comparison to individual constituent areas possessed maximum habitat diversity.
The SHDI is more sensitive to richness than evenness. Thus, rare types have a
disproportionately large influence on the magnitude of the index. Other diversity
indices viz,, the Simpson’s Diversity Index (SIDI) and Modified Simpson’s Diversity
Index (MSIDI) also reflected almost similar pattern. The SIDI is relatively less
Sensitive to richness and place more weight on the common class. The values of
Shannon's Evenness Index (SHEI) varied from 0.4 (TCA) to 0.9 (forestland and

MFS)- The disproportionate representation of extensive agriculture in the case of
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TCA yielded the lowest value of SHEI while two MFs were relatively more even. The
values of Simpson’s Evenness Index (SIEl) and Modified Simpson’s Evenness Index
(MSIEI) also reflected more or less similar pattern for the landscape and individual
constituent units. As the evenness index approaches 1, the observed diversity
approaches perfect evenness. In general, each constituent area and two PAs and
two MFs combined reflected greater evenness. However, two MFs based on value
of Simpson’s Evenness Index, being 1.0 reflected perfect evenness of constituent

classes.

Table 2.10 - Diversity Metrics

sl. |Landscape/ |pPR| PRD_ | SHDI | SIDI | MSIDI | SHEI | SIEI | MSIEI
No. | Constituent (# | km?)
Areas
1 [ TCA 17 0.2 1.2 0.4 0.6 0.4 0.5 0.2
2 | Forested Tract | 16 1 2.4 0.9 21 0.9 0.9 0.8
3 | PAs 16 2 2.2 0.9 1.9 0.8 0.9 0.7
4 | MFs 13 2 2.3 0.9 2.1 0.9 1.0 0.8
5 | DNP 14 2 2.1 0.8 1.9 0.8 0.9 0.7
6 | KWLS ' 13 6 2.0 0.8 1.7 0.8 0.9 0.7
7 | SKFD 13 3 1.9 0.8 1.7 0.8 0.9 0.7
8 | NKFD 11 4 1.9 0.8 1.7 0.8 0.9 0.7

PR - Patch Richness; PRD - Patch Richness Density; SHDI - Shannon’s Diversity Index;
SIDI - Simpson’s Diversity Index; MSIDI - Modified Simpson’s Diversity Index; SHEI - Shannon'’s
Evenness Index; SIEI - Simpson’s Evenness Index; MSIEI - Modified Simpson’s Evenness Index

2.6.2.1.7 Contagion and Interspersion Metrics

FRAGSTATS computed the Interspersion and Justaposition Index (1JI) representing
patch interspersion and juxtaposition at the class and landscape levels. The IJl was
based on “patch” adjacencies. Each patch was evaluated for adjacency with all
other patch types; like adjacencies are not possible because a patch can never be
adjacent to a patch of the same type (Table 2.11). The values of |JI ranged from
68.9% (NKFD) to 80.0% (Forestland). The lower value in the case of NKFD
characterized that the patch types were poorly interspersed (i.e. disproportionate
distribution of patch type adjacencies) in this managed forest while the higher
(80.0%) value in the forestland of TCA resulted from well interspersed patch types.
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Relatively higher value, being 79.8% in the case of DNP than KWLS reflected well
interspersion of patch types in the former. Even relative higher value of IJI, being
72.5% in the case of TCA revealed that the constituent patch types including
agriculture were well interspersed in the landscape than in the case of NKFD.

Table 2.11 - Interspersion and Juxtaposition Metrics

—

Sl. Landscape/Constituent Area Interspersion and
No. Juxtaposition Index - JI
1 Terai Conservation Area (TCA) 725
o Forestland 80.0
3 Protected Areas (PAs) 77.6
4 Managed Forests (MFs) 78.7
5 Dudwa National Park (DNP) 79.8
6 Kishanpur Wildlife Sanctuary (KWLS) 74.2
7 South Kheri Forest Division (SKFD) 744
8 North Kheri Forest Division (NKFD) 68.9

2.6.2.2 Class (Patch Type) Level

FRAGSTATS computed several metrics at the class (vegetation types) level using
vector data for the overall landscape. These metrics thus, explain spatial complexity
at the class (Patch/Vegetation Type) level subsequent to the foregoing description at
the landscape level.

»

2.6.2.2.1 Area Metrics

Metric values of Class Area (CA), Per cent of Landscape (PLAND) and Largest

Patch Index (LPI) for different Classes (Patch/Vegetation Types) are presented in
Table 2,12,

The Percentage values of Largest Patch Index (LP!) for various forest classes varied
from 0.046% (Tropical Seasonal Swamp forest) to 0.926% (open Sal forest). The
Largest patch of Lowland grassland represented 0.244% area of the Landscape

While the largest patch of Upland grassland covered 0.203% of the landscape. A
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constituted the largest patch.

Table 2.12 — Area Metrics at the Class Level

of the landscape

sl. | Vegetation Type Class Area - | Percent of Larges
No. CA (sqkm) | Landscape - |tPatch
PLAND (%) | Index -
LPI (%)
A | Forests
1 | Dense Sal (>60%) Forest 91.0 1.2 0.390
2 | Moderately Closed Sal (40-60%) Forest 281.4 3.6 0.556
3 | Open Sal (<40%) Forest 348.3 4.4 0.926
4 | Sal Mixed Forest 17.4 0.2 0.061
5 | Chandar Sal Forest 28.6 04 0.133
6 | Moist Mixed Deciduous Forest 160.0 2.0 0.191
7 | Tropical Semi-Evergreen Forest 10.8 0.1 - 0.060
8 | Tropical Seasonal Swamp Forest 43.2 0.5 0.046
9 | Khair and Sissoo Forest 119.1 1.5 0.185
10 | Tamarix Scrub 25.3 0.3 0.056
11 | Plantations 132.3 1.7 0.165
B | Grasslands
12 | Upland Grassland 55.8 0.7 0.203
13 | Lowland Grassland 165.9 2.1 0.244
| C | Swamps
14 | Swamps 39.2 0.5 0.059
15 | Rivers 169.9 2.2 1.518
16 | Sandy Banks 346.3 44 0.715
D | Agriculture
|17 | Agriculture 5862.2 74.2 30.416
26.2.2.2 Patch Density, Patch Size and Variability Metrics

The values of Number of Patches (NP) obtained for various forest and non-forest
Classes varied from 5 (Sal Mixed forest) to 184 (Lowland grassland). Nine forest
tpes ang Tamarix scrub covering 14.2% of the landscape had altogether 319
Palches (Table 2.13). The smallest extent (10.8 sq km) of Tropical Semi-Evergreen
forest which occurred in DNP only was constituted by just 12 different patches.
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Likewise, small proportion of Chandar Sal (28.6 sq km) and Tropical Seasonal
gwamp forest (43.2 sq km) were constituted by 10 and 43 patches, respectively.
Two types of grasslands were constituted by 316 patches. Swamps as such
represented only 0.5% of the landscape (Table 2.12). However, swamps were
scattered in 105 patches. As many as 130 patches of Sandy banks were recorded.

Despite the matrix (Agriculture) occupied bulk of the landscape, only 25 patches of
this Class were recorded.

The values of Mean Patch Size (MPS) varied from 0.7 sq km (Tropical Seasonal
Swamp forest) to 13.0 sq km (dense Sal forest). Only 7 patéhes of dense Sal forest
were recorded in the landscape and the highest value of MPS was obtained for
these seven patches. The value of Mean Patch Size in the case of 12 patches of
Tropical Semi-Evergreen forest computed was 0.9 sq km. The values of MPS
revealed that the Lowland grassland patches were almost half in average size than
the Lowland grassland patches. The average patch size of Swamps was just 0.4 sq
km. The values of Patch Size Standard Deviation (PSSD) for the various forest and
non-forest Classes ranged from 0.9 sq km (Sal Mixed forest) to 509.4 sq km
(Agriculture) indicating lowest variability among patches of Sal Mixed forest. This
was also confirmed by the lowest percentage value of Patch Size Coefficient of
Variation (PSCV), being 25.3% in the case of Sal Mixed forest. The Tropical Semi-
Evergreen forest obtained the highest value of PSCV, being, 157.9% confirming that -
there was a high variability in size of 12 patches recorded for this forest type. In
general, values of PSCV for majority of classes were higher than 100% indicating
relative variability about the mean in each case. The higher values of PSCV in the
case of two types of grasslands in conjunction with number of Patches and Mean
Patch Size reflected that both the grassland type had greatly varied and smaller
Patch sizes. Lower values of PSSD and PSCV in the case of Sal Mixed forest in
Conjunction with the number of patches and mean patch size reflected its uniformly

Sized as wel| as moderately sized patches.

The valyes of Patch Density (PD) for various classes varied from 0.001 patches/sq
km to 0.017 patches/sq km. Lower values of Patch Density (0.001 patches/sq km)
Obtained in the case of dense Sal, Sal Mixed and Chandar Sal forest types in
“onjunction with Class Area and Number of Patches reflected relatively lower
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fragmentation of these forest types. Higher values of Patch Density in the case of
the Moist Mixed Deciduous, Khair and Sissoo and Tropical Seasonal Swamp forests
while seen in conjunction with CA, NP and MPS clearly reflected that these three

forest types were highly fragmented and at the same time depicted greater spatial
heterogeneity. Likewise, higher values of PD in the case of Plantations, Upland and
Lowland grasslands and Swamps also indicated more spatial heterogeneity of these

classes.

2.6.2.2.3 Edge Metrics at the Class Level

FRAGSTATS computed Total Edge Length (TE) and Edge Density (ED) for each
class (Table 2.14). The values of TE for various forest and grassland classes varied
from 75.7 m/km (Sal Mixed forest) to 1,040.7 m/km (Lowland grasslands). Total
Edge is an absolute measure of total edge length of a particular patch type (class
level). In applications that involve comparing classes of varying size, this index may
not be useful. Edge Density (ED) standardizes edge to a per unit area basis that
facilitated comparisons among classes of varying size. The values of ED varied from
9.6 m/sq km (Sal Mixed forest) to 131.8 m/sq km (Lowland grassland) among
various forest/grassland classes.

These edge indices are affected by the resolution of the image. Higher values of
Edge Length and Edge Density thus, denoted that the edges were delineated with

greater details or finer the resolution.

Moderately closed Sal, open Sal, Moist Mixed Deciduous forests and Lowland
grasslands reflected finer resolution based on their relatively higher values of ED
While Sg| Mixed, Chandar Sal, Tropical Semi-Evergreen and dense Sal forests

reflecteq coarser resolution.
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Table 2.13 - Patch Density, Patch Size and Variability Metrics at Class Level

‘s, | Vegetation Types No. of Patch Mean | Patch Size | Patch Size
No Patches — | Density | Patch | Standard | Coefficient of
NP (no.) |-PD Size - | Deviation - | Variation —
(#/sq MPS | PSSD (sq |PSCV (%)
km) (sq km)
km)
A | Forests _
1 | Dense Sal (>60%) Forest 7 0.001 13.0 10.8 83.4
Moderately Closed Sal
(40-60%) Forest “ 0004 { 101 10.1 100.4
3 | Open Sal (<40%) Forest 31 0.004 11.2 14.7 130.5
4 | Sal Mixed Forest 5 0.001 3.5 0.9 25.3
5 | Chandar Sal Forest 10 0.001 2.9 3.8 132.9
6 | Moist Mixed Deciduous
Forest 103 0.013 1.6 2.0 130.1
7 | Tropical Semi-Evergreen
Forest 12 0.002 0.9 14 167.9
8 | Tropical Seasonal
Swamp Forest 65 0.008 0.7 0.7 105.7
9 | Khair and Sissoo Forest 42 0.005 2.8 3.5 123.8
10 | Tamarix Scrub 16 0.002 1.6 1.5 93.6
11 | Plantations 134 0.017 1.0 1.7 171.7
j Grasslands
12 | Upland Grassland 132 0.017 0.4 1.5 353.7
13 | Lowland Grassland 184 0.023 0.9 23 252.8
C | Wetlands
14
| | Swams 105 0013 | 04 06 167.1
15 i
| | Rvers 55 0007 | 3.1 16.1 521.0
16 | S
| | Pandy Banks 130 0016 | 27 7.2 270.8
| D | Agriculture
|17 | Agriculture 25 0.003 | 2345 | 5004 217.2
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Table 2.14 - Edge Metrics at Class Level
rg’.’" Vegetation Type Total Edge Length — Edge Density - ED
No TE (m/km) (m/sq km)

T’ Forests

—1 | Dense Sal (>60%) Forest 175.7 22.2

—5 | Moderately Closed Sal (40-60%) Forest 707.9 89.6

3 | Open Sal (<40%) Forest 926.3 1173

4 | Sal Mixed Forest 75.7 9.6
5 | Chandar Sal Forest 89.2 11.3
6 Moist Mixed Deciduous Forest 677.7 85.8
7 Tropical Semi-Evergreen Forest 91.7 11.6
8 | Tropical Seasonal Swamp Forest 420.1 53.2
9 Khair and Sissoo Forest 393.0 49.8
10 | Tamarix Scrub 102.9 13.0
11 | Plantations 717.3 90.8
B Grasslands
12 | Upland Grassland 435.7 55.2
13 | Lowland Grassland 1040.7 131.8
C | Swamps
14 | Swamps 444.5 56.3
15 | Rivers 2232.8 282.7
16 | Sandy Banks 887.3 112.4
D | Agriculture :
17 | Agriculture 2603.7 329.7

5

2.6.2.2.4 Shape Metrics at the Class Level

Values of various shape metrics obtained at the class level are presented in
Table 2.15. The patch shape is evaluated with a circular standard. The Mean
Shape Index (MSI) measured the average patch shape or the average perimeter-to-
area ratio for each patch type (Class). The values of MSI ranged from 1.5% (Upland
drassland) to 2.5% (open Sal forest) indicating a greater habitat edge in the case of
latter. The Khair and Sissoo forest obtained the lowest value of MSI, being 1.6%
among different forest types reflecting lower habitat edge. The values of Landscape
Shape Ingex (LSI) were also computed at the class level on the basis of “average’
Patch Characteristics at the corresponding patch type. The values of LS varied from
1 (Sal Mixed forest) to 22.8 (Lowland grasslands) among various forest and
fgorfr:SIand types indicating more complex or irregular shape of patches in the case of

®f. Tropical Seasonal Swamp, Moist Mixed Deciduous and open Sal forests
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had more complex patches in shape. In contrast, dense Sal and Sal Mixed forest
attained lower values of LSI, being 5.2 and 5.1, respectively reflecting more regular
shape of patches. The higher values of Area Weighted Mean Shape Index (AWMSI)
in the case Of Tropical Semi-Evergreen, open Sal forests and two types of
grasslands confirmed complex shape of patches belonging to these classes or patch

types.

Table 2.15 - Shape Level Metrics at Class Level

Sl. | Vegetation Type Landscape | Mean Shape Area Weighted
No. Sh.ape Index | Index — MSI (%) | Mean Shape
Using TE - Index - AWMSI
LSI
A | Forests
1 | Dense Sal (>60% Forest 5.2 2.2 2.2
2 | Moderately Closed Sal (40-60%) Forest 11.9 2:3 29
3 | Open Sal (<40%) Forest 14.0 2.5 35
4 | Sal Mixed Forest 511 2.3 2.3
5 | Chandar Sal Forest 4.7 1.7 1.8
6 | Moist Mixed Deciduous Forest ° 15.1 1.7 2.1
7 | Tropical Semi-Evergreen Forest 7.9 2.1 3.6
8 | Tropical Seasonal Swamp Forest 18.0 2.3 2.8
9 | Khair and Sissoo Forest 10.2 1.6 2.0 ﬂ
10 | Tamarix Scrub 5.8 1.6 1.7 5
11 | Plantations 17.6 1.7 2.0
B | Grasslands
12 | Upland Grassland 16.5 15 3.0
T —
13 | Lowland Grassland 22.8 1.8 33
\
14 | Swamps 20.0 2.1 2.6
\ |
15 | Rivers 48.3 4.6 30.2
ey i
16 | Sandy Banks 135 16 2.1 |
T\ ;
Agriculture ?
? A 4 1 |
griculture 9.6 23 .
\\
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2.6.2.2.5 Core Area Metrics

geveral Core Area metrics at the class level were computed. Only select metrics
viz., Total Core Area Index (TCA1), Mean Core Area Per Patch (MCAI), Patch Core
Area Standard Deviation (CASD1) and Patch Core Area Coefficient of Variation
(CACV1) are interpreted and presented in Table 2.16. The values of Total Core
Area Index (TCA1) varied from 26.0% (Tropical Seasonal Swamp forest) to 81.1%
(dense Sal forest) indicating availability of relatively larger core area in the case of
latter. Both grassland types also obtained lower values (<50%) of TCAI reflecting
lesser available core area for the interior species. Majority of the classes obtained
lower values of the Mean Core Area Per Patch (<2.0 sq km) indicating higher
fragmentation. Variation in core area per patch was better conveyed through metrics
viz., CASD1 and CACV1. The higher values of CACV1 in the case of Tropical Semi-
Evergreen, Tropical Seasonal Swamp, Moist Mixed Deciduous forests and Upland
grasslands indicated greater variability in core size area per patch. All of the core
area indices were result of the interaction of patch size, patch shape, and the
specified edge width (100 m in the present case). Thus, availability of smaller core
areas per patch and greater variation among them would have severe ecological
implications, particularly for the interior species, larger wild herbivores, predators and
habitat obligate species.

5

2.6.2.2.6 Interspersion and Juxtaposition Metrics at the Class Level

The values of the Interspersion and Juxtaposition Index (lJ1) for each of the class
Were computed (Table 2.17). The values of IJI ranged from 52.2% (Tamarix scrub)
to 88.9% (Lowland grasslands) indicating that Lowland grasslands were relatively
Well interspersed in the landscape in contrast to Tamarix scrubs which were highly
"estricted to islands of two major rivers i.e. Sharda and Ghagra.
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Table 2.16 - Core Area Metrics at Class Leve|

] tation Type Total Core | Mean Core Patch Core Patch Core Area
sl. | Vege yp Arealndex | AreaPer | Area Standard | Coefficient of
No. -~ TCAI Patch - | Deviation - Variation —

(%) MCA1 CASD1 CACV1
. (sq km) (sq km) (%)
A Forests

1 | Dense Sal (>60%) Forest 81.1 10.5 9.6 91.0
2 | Moderately Closed Sal

(40-6-%) Forest 75.2 7.6 8.1 106.7
3 | Open Sal (<40%) Forest 74.5 8.4 11.6 138.3
4 | Sal Mixed Forest 60.3 2.1 0.6 29.5
5 | Chandar Sal Forest 711 2.0 3.2 156.7
6 | Moist Mixed Deciduous

Forest 58.9 0.9 1.4 152.4
7 | Tropical Semi-Evergreen

Forest 31.6 0.3 0.5 186.7
8 | Tropical Seasonal

Swamp Forest 26.0 0.2 0.3 172.2
9 | Khair and Sissoo Forest 69.4 2.0 2.8 143.7
10 | Tamarix Scrub 62.1 1.0 1.1 108.4
11 | Plantations 54.1 0.5 1.3 2413
B | Grasslands
12 | Upland Grassland 39.0 0.2 0.9 530.5
13 | Lowland Grassland 48.0 0.4 1.3 296.5
C | Swamps

| 14 | Swamps 24.3 0.1 0.3 355.5
1\5 Rivers 17.6 0.5 2.8 518.2

16 g

0 Sandy Banks 74.2 2.0 6.3 318

L Agriculture

|17 | Agriculture 95.0 222.7 490.5 220.3
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Table 2.17 - Interspersion and Juxtaposition Index at Class Level

Sl | Vegetation Type Interspersion and
No. Juxtaposition Index - 1J| (%)
T'ﬁ:rests
1 Dense Sal (>60%) Forest 68.8
2 Moderately Closed Sal (40-60%) Forest 76.2
3 | Open Sal (<40%) Forest 785
4 | Sal Mixed Forest 3.4
5 | Chandar Sal Forest 62.4
6 | Moist Mixed Deciduous Forest 75.3
7 | Tropical Semi-Evergreen Forest 56.9
8 | Tropical Seasonal Swamp Forest 79.8
9 | Khair and Sissoo Forest 68.9
10 | Tamarix Scrub 522
11 | Plantations 72.0
B | Grasslands
12 | Upland Grassland 78.1
13 | Lowland Grassland 88.9
C Swamps
14 | Swamps -
15 | Rivers 513
16 | Sandy Banks 40.7
D | Agriculture
17 | Agriculture 67.8

Among different forest types, the Tropical Semi-Evergreen forest obtained the lowest
value of ||, being 56.9% reflecting that this forest class was aggregated in a
Particular portion of the landscape or highly dispersed. The IJI was affected only by
Patch type interspersion and juxtaposition and not necessarily by the size, contiguity
Or dispersion of patches. Higher values of lJI in the case of Tropical Seasonal
Swamp forest (79.8%), open Sal forest indicated that these classes were relatively
wel| interspersed, Chandar Sal and Khair and Sissoo forests obtained relatively
lower values of ], being 62.4% and 68.9%, respectively indicating that these two

Slasses were moderately interspersed. Lowest value of I, being 39.0% among
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various forest and non-forest classes was obtained in the case of Swamps, reflecting
that they were poorly interspersed in the landscape. This was owing to their
proximity to river Sharda. Likewise, the class of Sandy banks obtained lower |J|
value of 40.7%, again reflecting their poor interspersion in the landscape instead this
class was highly aggregated. The class — Agriculture in TCA obtained 67.8% value
for 1JI indicating that matrix was moderately distributed in the landscape. This can

be attributed to the fact that there was a disproportionate greater distribution of
agricultural land in the south of river Sharda.

2.6.2.3 Patch Level

FRAGSTATS computed several metrics at the patch level characterizing each patch
in a class or landscape. Since earlier described metrics at the landscape and class
levels were mainly dependent upon individual patch characteristics in each class or
the entire Iahdscape, values of Patch Area (AREA_HA) only were considered useful
for presentation here. Adopting the usual presentation style of distribution of trees in
standard girth classes, number of patches were segregated in pre-determined patch
area classes for select forest and non-forest classes, constituents areas, forestland
and the overall landscape.

2.6.2.3.1 Distribution of Patches in Landscape

Altogether, 1,084 patches belonging to different forest and non-forest classes were
delineated in the landscape (Table 2.18). Table 2.18 also provides values of
humber of patches in each of the identified class, maximum, minimum and mean
patch size in $q km. As such, values of number of patches and mean patch size
have been earlier presented. However, it was considered appropriate to see the
values of patch number and mean patch size in conjunction with the maximum and
Minimum Patch size for each class.

Highly variable values of maximum and minimum patch size in each of the forest and
Non-forest class were noticeable e.g. the maximum patch size in the Lowland
Jassland was 19.2 sq km while the minimum patch size was just 0.04 sq km.
L'keWiSe, the maximum patch size recorded in the case of open Sal forest was 73.1
5Q km while the minimum patch size was 0.43 sq km only. Similarly, the maximum
Pateh size in the case of Khair and Sissoo forest was 14.6 sq km while the minimum
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the smallest swamp was 0.005 sq km (5 ha) in size.

Table 2.18 — Number of Patches in TCA and t

Mean Patch Size (sq km)

ﬁ

patch size was 0.04 sq km or 4 ha. The largest Swamp was 4.6 sq km in size while

heir Maximum, Minimum and

rs‘l" [ Vegetation Type Patch Maximum | Minimum | Mean
Nc; Number Patch Patch Patch
: (n=1,084) | Size Size Size
(sakm) | (sqkm) | (sqkm)
A Forests
1 | Dense Sal (>60%) Forest 7 30.8 1.44 13.0
2 | Moderately Closed Sal (40-60%) Forest 28 43.9 0.28 10.1
3 | Open Sal (<40%) Forest 31 73.1 0.43 11.2
4 | Sal Mixed Forest 5 4.8 247 3.5
5 | Chandar Sal Forest 10 10.5 0.20 29
6 | Moist Mixed Deciduous Forest 103 15.1 0.04 1.6
7 | Tropical Semi-Evergreen Forest 12 4.8 0.1 0.9
8 | Tropical Seasonal Swamp Forest 65 3.6 0.05 0.7
9 | Khair and Sissoo Forest 42 14.6 0.04 2.8
10 | Tamarix Scrub 16 4.5 0.10 1.6
11 | Plantations 134 13.1 0.04 1.0
B | Grasslands
12 | Upland Grasslands 132 14.5 0.04 04
13 | Lowland Grasslands 184 19.2 0.04 0.9
C | Wetlands
14 | Swamps 105 4.6 0.005 0.4
15 | River 55 114.4 0.05 3.1
| 16| Sandy Banks 130 56.4 0.04 2.7
D | Agriculture
17| Agriculture 25 2408.8 0.13 234.5

Distribution of 1,084
Fig. 2.2,

IandSCape

patches according to various patch area classes is presented in
It is evident from the Fig. 2.2 that 55.1% patches (i.e. 598 patches) in
Were very small in size i.e. <=50 ha. Only 27 patches or 2.4% patches
Were larger than 2,000 ha. Distribution of patches in eight patch area classes

"esulted into 4 Negative curve i.e. number of patches greatly reduced on increase in
Patch greg (ha).
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T// Fig 2.2 - Distribution of Patches in TCA(n=1, 084)
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Distribution of forest patches (n=319) only in TCA representing 10 forest types
excluding plantations is presented in Fig. 2.3. Almost similar distribution pattern as
of total patches was observed. Only four forest patches were larger than >3,000 ha.
Fig. 2.4 presents patch distribution of the Upland grassland. Nearly 1/6th Lowland
grassland patches were >100 ha in size, otherwise bulk of the grassland patches
were smaller in size i.e. <25 ha (Fig. 2.5). Nearly 1/3rd of the swamps in TCA were
much smaller in size i.e. <10 ha while only 6 swamps were larger than 100 ha
(Fig. 2.6). In contrast, there were 35 patches of plantations larger than 100 ha in
extent (Fig. 2.7).

Fig. 2.3 - Distribution of Forest (n=319) Patches inTCA
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2.6.2.3.2 Distribution of Patches in Constituent Areas

Table 2. 19 presents distribution of patches in four constituent areas (DNP, KWLS,
NKFD and SKFD). A slight variation in number of patches in the landscape and four
constituent areas was observed due to the fact that some contiguous patches were
divided in two corresponding patches while constituent areas were individually
clipped for assessment. Values of maximum, minimum and mean patch size in each

category are also provided. Values of maximum patch size greatly varied among the
four constituent areas. In general, the maximum patch size in any one category was
recorded in DNP, followed by SKFD, KWLS and NKFD, respectively. Distribution of
forest, grassland, plantation and swamp patches in the four constituent areas
according to patch area classes is presented in Figs. 2.8, 2.9 and 2.10, respectively.
The spatial distribution of overall forest patches, each forest and grassland type,
swamps, and plantations in TCA are depicted in Fig. 2.11 to 2.22.

2.7 Conclusion

The aforesaid description on the landscape level assessment and forest spatial
heterogeneity allowed the following conclusion:

9,

K The TCA has four distinct constituent areas or Landscape Management Units
(LMU) that forms the basis for integration of disparate forest/wildlife
allocations for landscape management so as to achieve multiple forestry
objectives including the conservation of biodiversity. These units are: (a) two
protected areas (core areas) — Dudwa NP (DNP) and Kishanpur Sanctuary
(KWLS); (b) two managed forests (MFs) — North Kheri Forest Division (NKFD)
and South Kheri Forest Division (SKFD); (c) linear riverine habitats and
Connective corridors; and (d) the matrix of vast agricultural lands made up of
Community, private and scattered government lands. Two core areas (DNP
and KWLS) form two high—value, but isolated “sources” of relatively high
biodiversity. The DNP provides a relatively large compact forest block that
Minimizes edge effects with the agricultural matrix.
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e Fig 2.4 - Distribution of Upland Grassland
Patches in TCA (n = 132)
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Fig 2.5 - Distribution of Lowland Grassland |
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Fig 2.6 - Distribution of Swamp Patches in
TCA (n = 105)
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Fig 2.7 - Distribution of Plantation Patches in
TCA (n =134)

40 - ‘ 35
@ 35 - 32 31
§ 30-
8 251 -
% 90 - 17
g 15 -
£ 10
2 .

O -1 T T T T

<=10 >10-25 >25-50 >50-100 >100
Patch Area (ha)
\

63



(ey) eaay yojed

(ey) easy yojed

(L = u) sTTMM

(¥LL = u) NG

000€<  000€-0002< 0002-000L< 000L-00S< 00S-0SZ< 05=> 000£-0002< 000Z-000k< 000}-00S< 005-09Z< 0SZ-00b<

* * * _ H_ : — . —1 0 — _H_ . _ _ T 0
9 oL £ y) 1 rol
[, 3 L 3
Sl & ZL T
" - oz § | | [
12 +se S i =4
o o8
oe L e m - GE Mw“'-
Loy 3 oy @
w »

- Gp 514

- 0s os

(26 = u) a4)iN (88 = u) g4ys
(ey) easy yojeq (ey) easy yojeq
000€< 000€-0002< 0002-000L< 000L-00G< 00S-0SZ< 0S=> 000€-0002< 0002-000L<  000L-00S< 005-052< 052-001<

. . . . il 5 . ; . Mkl ) 0
E D _I_ y [5 Z v 4 o E
S S . 8 L oL m 9 9 - 0} m
4% Sl o -GSl o
oz 9t Loz @
-6z 9, 1z -sz 9,
F 0 H B Om Ed
FSE & S€ 8
L = -
o g L 0 @
-Gy @ St (7]

-0S 144 0s

VL1 jO sealy juamisuo) Ino4 ui sayojed 3saiod jo uonnquisig — 8-Z bi4




(ey) eary yojeq
00l< 00b-0S< 0S§G2< G2-0b< Ol=>

(ey) easy yojed
00L< O00L-0S< 0SS2< GS2Z-0l< 0l=>

=

- g

m o

S g

2 e

g 2

- oy S g

PUEISSEID PUEMOTN m UB|SSBIS) pue S ﬁ g

puejssess puedn] L 05 PUBISSEID PUEMOTR 0s

pue|ssels puiednd
QdMN ul sayodjed adMs ul sayadjed
puejssels (0¢ = u) pueimor] pue (2 = u) pujedn puejssels) (LZ = u) puemo] pue (LG= u) puejdn
el) es. ke
(ey) easy yojed (ey) eary yojed
00= ; 00105 ; 09°6ce SO« o= 00L< 00L-05< 0S-GZ< GZ-0l< Ol=>
N\ N ©© ™~ NJ(° =z F0 =
l i c c
[ 14 14 ¢ ¥ S 9 0]} .m_.. 0} m.
[ 0e 3 oz S
- 02 > <,
S ¢ o
oy 8 pue|ssess) puemo N ov &
pUB|SSBIS) PUBIMOT N Lo @ puejsses pueidn 05 m.
puejssels) pueidn

STTMM ul saydjed
puejsseln) (£ = u) puejmon] pue (L} = u) pujedn

dNQ ul saydjed
puejssei (LL| = u) puejmoT pue (g9 = u) puejdn

VIl 10 sealy juanjipsuo) Inog ui sayajed puejssesb pueimo] pue puejdn jo uonpnqrisig — 6-Z b14




99

(ey) eaiy yojed (ey) eeuy ysjed _

00L<  00L-0S< 0G-SZ< SZ-0l< Ol=> 00L< 00L-0S< 0S-6Z< G2-0l< Ol=>
L n 1 ! ) ” o -4 L S L S - % d B O 4
z L b e D S 3 W W W z | 3
- B o
- oL 8, N N \ - oL 8,
S N oL 9
S €l sl §
suonejue|d Loz & SuoRejueld N L 0z G

sdwems] sdwems g 6l
d4MN ul ssydjed adMs ul saydjed
(¥ = u) suoneue|d pue (9} = u) sdwemsg (9 = u) suoneueld pue (g = u) sdwemsg
(ey) easy yojed (ey) easy yojed

00k<  00L-0S< 0§-GZ< GZ-0l< Ol=> - 00k<  00L-0S< 0§-6Z< GZ-0b<  Ob=>
1 1 L 1 c =
.’% — - j”u‘n 0 3 %I 0 g
L % Z L e o / L g W
€ " 2 .9
§ - 0L S, - 0L S
3 S
SUOTENEId 98 SUONEIUEId Y Fo 8
I N L < 3 -
sduems 0c @ sdwems 61 0z 2

STTMM ul saydjed

(6 = u) suonejueld pue (g = u) sdwemsg

dNQ ul saydjed
(86 = u) suonejue|d pue (gz = u) sdwemsg

VOL J0 sealy juanjisuo) Ino4 ui sayosjed suoijejueld pue sdwems Jo uonnquisig — 0L°z bi4




Ind Rtjpten
Slol8 00 .18 Sb .08 ,0E .08 Sl .08

.m.v ONN 4 v.mv ONN

00 .82 1

100 .82
_ ooomo%%%NA
i o=t <
0002-0001< I
0004-00G< I
005-052<
_ S0
M = <
_ os=> Il

4Gl .82 Amsv esly
(1€ = u) saydjed iselio4

.mF amN T

Arepunog gdMs /\/
| Aiepunog g4yiN /\/
fiepunog sV /\/
| fiepunog dNa /\/
Tm 82 fiepunog vol /\/
| fiepunog jeuonewsyu; /\/

{0€ .8¢

uy 0c

S\ .18 00 .\8 SP .08 0¢ .08 Sl .08

VDL ul sayojed 3salo jo uonnqLrisiq - LL°g "bid



S8 .00 .i8 St .08 0€ .08 St .08

———
4

15V oLC

/

10 .82 000E <
£Hn
095-00 < I
B

(ey) eary
161 .82 (2 =u) sayojed 1sa104 (%09) 1es

Aepunog a4Ms /\/
Arepunog ad¥N /\/
fiepunog sTMM /\/

fiepunog dna /\V/

fiepunog vo1 /\/
e .82 Aiepunog jeuonewsiu| /\/

.00 .82

+

Sl .8C ¢

{0€ o8C

uyf 02

e e e e

e
—

o

o

-

0
3

00 .18 SV 08 0% .08 St08

VOL Ul sayosjed 3seiod (%09<) [es jo uonnquisig - ZL°Z "B




SP LT ;

.00 .82

Sl .82 ¢

0€ .82 1

00 .8 SP .08 ,0€ .08 Sl .08

m
m
_.8 -8C 000€ <

000€-000¢<
0002-000 1<
e
<
e
G TR
os=> 1N

(ey) eary
si.ec (82 = U) saydjed 1sa104 (%09-0) IeS
M

Aepunog a4Ms /\/
Arepunog g4N /\/
fiepunog sTWM /\/
fiepunog dna /\/
fsepunog voL /\/
0F .82 Aiepunog [euonewsayul /\/

\ /

A Y

00 .18 SP .08 0 .08 Sl .08

YN 1 Ul saudled 1salo4d ( 2%.09-0%) Ies Jo uonnquisiq - £L-Z "bi4



00 .8 SP .08 0t .08 Sl .08
o o 1f
/ e — P _v/ )
/ /../ ~ \. ™ o A\ \NO..\/ e r:\l\ GV oLC
1 Vo

100 .82

1S} .82

& - \ 0€ .82
TvoTLL) X »

00 .i8 Sb .08 0% .08 Sloe

sayojed isaio4d (%0¥>) Ies jo uonnquisiq - L' "bid

ooomo%%%mA 5
- <
0002-0001< I
e
<
ook
™ <
os=> Il
(ey) eary

(1g =u) 152104 (%0¥>) S

fiepunog g4Ms /\/
fiepunog 4N /\/
frepunog STMM /\/

frepunog dna/\V

fsepunog voL /\/
fiepunog jeuonewsyu) /\/

~—

e s

e e o

5 s




Slol8 00 .18 Sb .08 ,0€ .08 Sl .08
)
| T
SP .22 4 S tsb oL2
ﬁ/J
.\/ N
\N\l\
20
/
AN T
Q N
.00 .82 JAr) %00 .82
0 |
PA S “
Y= S |
|
f # m
A |
G} .82 ¢ Wm ﬁ; 8z
\
M\u a3
.0€ .82 ¢ ;\[Nlb € .82
voTLLi)
—
uny 0z ol 0
S
<>
N
PIIRTS 00 .18 Sb .08 08 .08 S1.08

WOL Ul saydjed 3salod Paxi [es Jo uonnqLisid - SL°Z “Bi4

00S-052<
0S2-001< N

(ey) eary
Am ncv saydled 1salo4 paxXIi |esS

fepunog @4Ms /\/
Krepunog @4yN /\/
Arepunog s /\/
fiepunog dNa /\/
frepunog vo1 /\/
fiepunog jeuoewsyu) /\/



00 .l8

S .8C 4

oom owN

o~

SP .08 \0E .08 Sl <08
j l]< o~
| v P J/d
| RS r Y
‘ ) ; o s p
S oLC + «\\ A R /J:C/ b A»Nf/\l\l/.\ Nl.
N NS 4 v/ \W
\ ) pogy 4 ' .N 2 q
/ FA o & f,/NN \
i )
- Y ¢ 3 Lu
/( .ﬁ A/(»u\. 2 h/(.\\«w\ d Tl
~ nm Y, \L
00 .82 + N A

00 .\8

WOl Ul saydjed jsalod |eg Jepueyd jo uonnquisid - 9L°Z "Bid

Sh

.08 0 .08

Sl.o8

S oLT /

100 .82

0001-005< I
085-007<

00 e

(ey) a1y

82 (9]=U) Seydled 18104 00SSIS pue Jeyy

Arepunog a4Ms /\/
frepunog @4iN /\/
fiepunog STV /\/

fiepunog dNa /"

feepunog voL /\/
fiepunog feuonewsu) /\/

000Z-000 < /

1Sl

e et e e £

{0€ .8C

———————
——

———
—




R |
SV LT MN : T | 1.8 oL2

00 .82

Sl .8C ¢

0€ 8T 4

1Sl 8¢

o

S\ .\8 00 .18 St .08 08 .08 St .08 L

WO\ Ul ssydjed 3salo- snonpioad PaxiiAl ISIO JO uonnqulsid - Z L Z “Bi4

0002-0001< I
0001-00G< N
005-052<
R
001-05<
Omnv.--

(ey) easy
(coL=u)

saydjed Jsalo4 snopioaq paxi ISIon

Aepunog a4Ms /\/
Ksepunog a-=piN /\/
Asepunog sV /\/

fsepunog dNa /\/

fiepunog vo1 /\/
Aiepunog [euonewsjul /\/




00 .18 SP .08

,0E .08 Sl .08

ey . . T8v oL

100 .82

1S} .82

€ .82
cvocLL)

Sl .18 00 .18 Sb .08

0¢ .08 5l .08

V1 ul saydjed 3saio4 usaibiang-lwes [esidou] jo uonpnquisid - 81°Z "Bi4

00S-062<
001-0G<.
0G=> =
(ey) eary

(2L =u)

sayojed 1selo4 usaibieng-iweg [eaidos |

Aiepunog a4Ms /\/
Aiepunog adyN /\/
Arepunog IV /\/

Kiepunog dna /\V/

fiepunog vo1 /\/
frepunog jeuonewsyul /\/

e



SP ol

00 .82 ¢

S} .82 ¢

{0€ .8C -

ol 0
s
|
SV .82

1.8V L2

100 .82

005-052<

o
=) <
os=> Il

(ey) easy
(59=u) sayojed
}salo4 dwems [euosess |eaidos |

Aepunog a4ys N\ /
Asepunog @4yN /\/
fiepunog s /\/

fsepunog dna /\/

H

|

{

| Ksepunog yoL /\/
+..om.&m bmuczom_mcosz&E\/\

choTLLL
]

uy Qe

|

+S¥ .82

e ™

St .le 00 .18 Sb .08 0¢ .08 Si.08

YJ1 Ul Ssuydjed 3sai04 dwems jeuosess jesidou] Jo uopnquisiq - 612 "bi-



; Sk oig 00 .18 Sb .08 0F .08 Sk 08 N S —
._W> \ H.\llw + * + isadh Atk Digaca MW-
S
| SP LT ﬂ \ .\/)L 1.SP L2
m \ \,fL /‘.u/~ ; LJJI 3
00 <82 + // 100 .82
| \
| A\
! (R 0002-0001< I
| . 00k 00
. < - < SUS
| R o
i =~ < NS
., 0G=> ER
St .82 4 sl .82 (ey) eary
(2=u) saydled 18104 00SSIS pue Jieyy
| Kiepunog @yis /\/
: | fiepunog g4yN /\/
| | fiepunog sTMM /\/
Krepunog dna /\V/
| ! fiepunog vo1 /\/
. 0882 $0€ .82 Kiepunog [euonewsyu) /\/
i
m, ZrozTLL')
| —— ]
| uy oz oL 0
i s
\
\ 20!,
\
\ 4
\ . . . ,
\ e YIRS 00 .l8 Sb .08 ¢ .08 1208 Maded
i
\ YO\ ul saydjed 3salo4 oossis pue Jieyy] jo uonnquisig - 02z "Biy /




T G " T

Sholg 00 .18 S .08 . 0 .08 Sl .08

e i i - R S —a R S —

_; )

AN C
Sb oLZ Y
w_ ~ N
./ L
/ N A
,mm (oS
.00 .82 ﬂ/ L»
N
(&
. \3

St .82 3 d/

t5b o1z

00L<
ool - os< I
0S -sz< Il
GZ -0l<
or=> R

100 .82 (ey) easy
(F81=U) saydjed pue|sseis) puejmo-

oot< N
0ot - os< I
0s - sz< Il
SZ-0l<

oi=> N

151 .82 (ey) easy
(zelL=u) sayojed pue|sseJs) pueidn

Aepunog gdys /\/

Krepunog a4yN /\/
Atepunog STMY /\/

Arepunog dng /\/

C
\
_Qm amN 1
CvOTLLL
e )
wy oz oL 0
S
3 L Yg
N
SV 82+ - " - "
S\.l8 00 .18 St .08 0€ .08 Sl .08

N Kiepunog voL /\/
0€E .8 Kiepunog [euoneussju| \/\

4GP .82

VIl ui ssydjed puejssels puejmor] pue puejdn jo uonnquysiq -Lz°z "bi4




Shol8 00 .18 SV .08 ,0€ .08 Sl .08

0E .82 ;

TSV oLT

100 .82

151 .82

€ .8C

e

00 .18 S .08 0% .08 Sl .08

VOL ut ssysjed dwems pue uonejuely Jo uonnquysiq - zz'z ‘Big

00l < S
00l - 05< I
0s - gz< [l
GZ-0L< .
o.=> Il
(ey) easy

(S0L=u) dwemg

ooi< I
00l - 0s<
0s - sz< [l
SZ-0l< |
oi=> Il

(ey) eary
(FeL =u) uonejue|q

Aepunog ayis /\/
Kiepunog g4piN /\/
Aepunog sTmy /\/
Aiepunog dng /\/
Kiepunog oy /\/
Atepunog euopewsyu) /\ /




o
L X4

O
0‘0

\/
0‘0

\/
Q’Q

forests fragments. Linear stretches of riverine habitats along numerous
streams and major rivers are vitg| Special habitats that serve as connecting
corridors between any two LMUs despite severe biotic pressure. Vast
surrounding agricultural land or matrix is a source of human disturbance and

therefore, has been recognized as an important element of forest
management and biodiversity conservation.

Broadly, the landscape was constituted by 25.8% of forestland (PAs and MFs)
either in larger compact blocks or in smaller, isolated fragments, and 74.2%
matrix including extensive private agricultural lands, community lands, and
scattered government lands. Interspersed grasslands and Swamps occupied
just 2.8% and 0.5% area, respectively of the landscape. Thus, the landscape
represented a complex of forest-grassland-wetland.

Detailed landscape level assessment using remotely sensed satellite data
Provided 17 categories of landuse/land cover type. This include nine different
forest types, two grassland type, forest plantations and five other land cover
Categories (Scrub, River, Swamp, Sandy Bank, and Agriculture including
habitations),

The forests occupied 73% of the forestland under the control of U.P. Forest
Department. Five different Sal (Shorea robusta) forest types together
Constituted 44.5% of the forestland. The Moist Mixed Deciduous, Tropical
semi-Evergreen, and Tropical Seasonal Swamp forests occupied 9.3%, 0.6%,
and 2,59, area, respectively of the forestland. The plantations alone covered
7.7% of the forestland. Interspersed tall or riverine grasslands (Upland and
LOW'and) covered 12.8% area of the forested tract. The Upland and Lowland
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grasslands occurred in 1:3 rajo, Rivers and Swamps combined occupied
3.6% area of the forestland. Sandy banks devoig of any vegetation occurred

along Sharda and Ghagra rivers Covered 4.3% of the forestland. About 6% of

the forestland was found actually encorached and under illegal cultivation.

&  Sal dominated forests were Categorized into five types: dense Sal, moderately
closed Sal, open Sal, and Chandar sg| forests. Dense Sal forest type
occurred only in DNP and occupied 13.4% of the national park area while
Chandar Sal forests were recorded only in KWLS and SKFD. Later forest
type was conspicuous in its absence in DNP. The Tropical Semi-Evergreen
forest type occurred only in a very small proportion, being 0.6% of the
forestland while it represented just 0.1% area of TCA. This forest type was
confined to DNP only among the four constituent areas. Swamps and Rivers
together occupied 3.6% area of the forestland.

o Dense Sal, Sal Mixed and Tropical Semi-Evergreen forest types were absent
in two managed forets (NKFD and SKFD). The bulk (>90%) of the Khair and
Sissoo forests occurred in two MFs. The forest plantation areas were nearly
double in its extent in two MFs than two PAs. Further, a comparison of two
core areas with two MFs revealed that the two PAs had 17.6% of its area
under grasslands while the managed forests had only 7.7% of its area under
grasslands. Nearly, three-fourth area of the Upland grasslands occurred in
two PAs alone. Likewise, two PAs also possessed about 2/3rd of the Lowland
grasslands. The NKFD had the maximum extent of encroachment (~25.7%).
Open Sal forest type occupied the maximum extent of the forestland.

The  spatial complexity of the landscape assessed using software
F RAGSTATS* Arc at three scales viz., individual patch, vegetation type
(ClaSS), and the overall landscape allowed striking observations. The Largest
Patch Index (LPI) at the class and landscape levels quantified the percentage
of total landscape area comprised by the largest patch. The values of LPI
"anged from 3.6% (MFs) to 30.4% (TCA). This was due to the smaller
Isolateq forest fragments in the case of former while larger contiguous blocks
of agriculture in the case of TCA. It revealed that a contiguous block of
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agriculture alone occupied as large as 30% area of the
such, the overall number of patches (NP)

entire landscape. As
ranged from 100 to 1,084 among

Pe. However, this variation was
possibly a result of variation in the actual extent of the constituent units. TCA

had the maximum number of patches, being 1,084 while KWLS had the
minimum number of patches (100). The greater number of patches denoted a
finer grain or the spatial heterogeneity Occurred at a final resolution. DNP had
393 patches while KWLS had only 100 patches. Two PAs had greater
number of patches than two managed forests together.

the constituent areas and entire landsca

The NKFD had maximum value of Patch Density (PD), being 0.7 patches per

sq km. The PD expressed number of patches on a per unit area basis. This
maximum value in the case of NKFD was due to several small isolated forest
fragments in this managed forest.

Nine forest types and Tamarix scrub covering 14.2% area of the landscape
had altogether 319 patches. The Tropical Semi-Evergreen forest type
covered only 10.8 sq km area of TCA which was constituted by just 12
different patches. 10 and 43 patches constituted Chandar Sal (28.6 sq km)
and Tropical Seasonal Swamp forest (43.2 sq km) types, respectively. 316
patches constituted two types of grasslands. Swamps occurred in TCA in as
many as 105 patches.

The values of Mean Patch Size (MPS) varied from 0.7 sq km (Tropical
Seasonal Swamp forests) to 13.0 sq km (dense Sal forest) indicating the
lowest value in the case of former due to high habitat fragmentation. Dense
Sal forest covered 91.0 sq km in DNP was constituted by just seven patches.
The average size of the Swamps in TCA was 0.4 sq km based on its value of
MPS. The mean patch size of 12 patches of Tropical Semi-Evergreen forest
those confined to DNP was 0.9 sq km only. These 12 patches obtained the
highest value of Patch Size Coefficient of Variation (PSCV) also indicated

high variability in patch size.
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grasslands, and swamps indicated more spatial heterogeneity of these
vegetation types (Classes). The valyes of Landscape Shape Index (LSI)
varied from 5.1 to 22.8 for Sg Mixed forest and Lowland grasslands,
respectively indicating more complex and irregular shape of patches in the
case of former while least in the case of Lowland grasslands.

Values of the Interspersion and Juxtaposition Index (1) for each class and
the landscape were also computed. The higher value of 1 in the case of
Tropical Seasonal Swamp forests (79.8%), and open Sal forests (78.5%)
indicated that these forest types were well interspersed while Chandar Sal (1JI
— 62.4%) and Khair and Sissoo (I — 68.9%) forests were moderately
interspersed. Based on the lowest IJI value, being 39.0%,.it was concluded
that Swamps were poorly interspersed in the landscape. This fact can be due
to the large-scale reclamation of swamps for agricultural purposes.
Interestingly, Agriculture was moderately interspersed in the landscape based
on its IJ1 value, being 67.8%.

FRAGSTATS also computed several metrics at the patch level characterizing
@ class or landscape. Adopting the usual presentation style of distribution of
trees in standard girth classes, number of patches were segregated in pre-
determined areg classes for select forest and non-forest classes. Eight patch
area classes for forest patches ranging from <=50 ha to >3,000 ha and five
Patch classes for grasslands, swamps, and plantations varied from <=10 ha to
>100 ha were formed to segregate patches in corresponding class categories.
Altogether, 1,084 patches of forest and non-forest classes were delineated in
TCA, Highly variably values of maximum and minimum patch size were
®OMputed. The patch size in the case of Lowland grassland ranged from just
4 ha to 1,002 ha (or 10.2 sq km). The values of patch size in the case of Sal
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The highest mean patch size, being 13 Sq km (or 1,300 ha) was in the case of
dense Sal forests. 598 patches or 55.1% patches in TCA were very small in
size i.e. <=50 ha while only 27 patches or 2.4% patches recorded in TCA
were larger than 2,000 ha in sjze, The number of patches greatly reduced on
increase in patch area (ha), thus, giving a negative curve or distribution of
patches in eight classes for forests. In the entire landscape only four large
patches with size >3,000 ha were recorded. This included one large patch of
the dense Sal, two patches of the moderate canopy Sal and one patch of the
open Sal in the entire landscape. Nearly, 1/6th patches of the Lowland
grasslands were >100 ha in size, otherwise bulk of the grassland patches
were much smaller in size i.e. <25 ha. Likewise, 1/3rd Swamps in TCA were
much smaller in size i.e. <10 ha while only six Swamps were larger than 100
ha.
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Chapter 3

Forest Vegetation — Composition and Diversity

34 Forest Vegetation

Forests are dynamic mosaics driven by disturbance and biotic processes. Forests
structure, composition, and ecological processes change over a vast range of spatial
and temporal scales. Therefore, the condition of vegetation in a stand, landscape, or
region is product of the interplay of forces of disturbance and biotic development on
a stage set by patterns and dynamics of climate, soil and landforms (Hunter, 1999).
Vegetation is universally recognized as a component of major importance in site
evaluation and classification; it integrates the effect of many interacting factors, and
key species may indicate specific site conditions (Barnes et al., 1998). Vegetation is
strongly controlled by macro and micro-climate, floristically complex, dynamic-and
varies in occurrence, abundance, coverage, biomass and vertical layering. These
attributes of vegetation are of major significance in animal ecology and wildlife
management.

32  Methods of Vegetation Assessment

Different methods were employed for the vegetation assessment in TCA so as to: (i)
decipher and Compare patterns among various vegetation types, (ii) evaluate the
effect of two broad forest management options (Protected areas — PAs and
Managed forests- MFs); and (i) compare vegetation diversity in four constituent
Areas. As stated earlier, the Dudwa NP and Kishanpur WLS, two PAs have been
Protected and managed for wildiife objectives for the past over two decades while in
the case of NKFD and SKFD, two MFs, systematic silvicultural management or

Production forestry has been practiced.

3. -
2.1 Stratlflcation and Sampling

Sammes Were distributed on the basis of vegetation types, management unit, and
Patch Size, Thirteen (13) vegetation types (forests, Upland and Lowland grasslands
a _ :

ngd Dlantations) identified in the landscape through the vegetation map constituted
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Plate 3.1 - Different Vegetation Types in TCA




were >20 sq km, 10-20 sq km and <10 Sq km area, respectively. In other categories
of forests and grasslands, large, medium and small forest patches covered
>5 sq km, 1-5 sq km, and <1 sq km area, respectively.

3.2.2 Forest Vegetation

The size of the quadrat for tree assessment in major forest types was determined by
species area curves (Mishra, 1968; Mueller-Dombois and Ellenberg, 1974). The
species-area curves were flattened at 400 $q m (20m x 20m). Thus, a sample plot
size of 20m x 20m = 400 $q m was fixed for tree sampling. Likewise, the sample
size i.e. the minimum number of quadrats required to study a particular type of forest
or forest patch was also determined. In general, a minimum of 10 quadrats were laid
to sample the minimum forest patch (~0.5 sq km). Quadrats were distributed at
200 m intervals within patches along transects of varying length (2-3.5 km) so as to
Systematically cover the patch. Altogether, 1 ,748 tree plots (20m x 20m) were
Sampled in 10 forest types (including plantations) and the Upland grassland
(Table 3.1), Additionally, 60 plots were laid in the Tamarix scrub type for shrubs
((10m x 10m) and ground vegetation (1m x 1m). This vegetation type on river
Islands was devoid of trees. The allocation of sampled quadrats for each of the
Constituent areq is also provided in Table 3.1. In all, 1,052 quadrats were sampled
for treeg in two PAs and 796 quadrats were laid in thg two MFs. The distribution of

1 748-quadrats amongs 103 forest patches is given in Table 3.2. Additionally, 159

Plots were Sampled in the Lowland grassland.
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(NKFD)
sl. |  Vegetation Types Constituent Areas Total
No. DNP | KWLS | SKFD NKFD | Quadrats
1 | Dense Sal Forest 149 - - . 149
2 | Moderately Closed Sal Forest | 112 51 97 - 260
3 | Open Sal Forest 92 68 111 20 291
4 | Sal Mixed Forest 30 31 - - 61
5 | Chandar Sal Forest - 43 15 - 58
6 | Moist Mixed Deciduous 76 33 28 64 201
Forest
7 | Tropical Semi-Evergreen 31 - - - -
Forest |
8 | Tropical Seasonal Swamp 56 31 72 39 198
Forest
9 [Knair and Sissoo Forest 36 | - 32 | 92 160
10 | Plantations 85 | 38 | 62 | 20 205
KN Upland Grasslands 60 30 20 24 134
Total Quadrats Sampled for Tree | 727 | 325 | 437 | 259 1, 748
Assessment
12 [ Lowland Grassiangs 85 30 20 | 24 159
Tamarix Scrub - 20 20 | 20 60
:r?;a:;?:::;a\;s Sampled for Shrub | 812 | 375 | 477 | 303 | 1,967
SSESSment egetation

74




Table 3 d Sampled Quadrats in
Different Vegetation Types for Assessment of Vegetation Diversity
W;gzation Types Patch Type
E?':;/ Large Medium Small
Area Quadrats Area Quadrats | Area Quadrats
sq km Sampled sq km Sampled sqkm | Sampled
— t 30.8 60 13.3 20 3.8 14
se Sal Fores
: Den 21.1 45 1.4 10
— 43.9 36 19.9 12 5.3 18
29.9 34 19.8 18 4.0 16
2 | Moderately Closed 22.0 28 16.6 20
Sal Forest 16.4 18
12.5 27
11.9 15
11.8 18
73.1 54 15.4 17 8.8 12
25.9 24 13.4 56 7.1 15
11.2 16 6.6 16
3 | Open Sal Forest 10.2 18 3.7 26
3.2 12
1.7 11
0.8 14
— 2.9 14
2.5 16
4 | Sal Mixed Forest 34 16
3.1 15
] 10.5 16 9.1 17
S | Chandar Sal Forest 35 15
0.48 10
——
15.1 10 2.9 o 0.98 '
94 20 1.5 18 0.40 14
1.5 24 0.70 12
6 | Moist Mixeq 13 20 0.98 15
€Ciduous Forest '
1.2 10 0.07 12
2
] 1.2 1
Contd...
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Table 3.2 contd.
EI"“ We’gﬁtion Types Patch Type
No. Large ’-‘ Medium Small
Area Quadrats Area mdrats Area Quadrats
- Sqkm | Sampled | sqkm Sampled | sqkm | Sampled
3.6 27 0.96 21
2.9 18 0.19 10
1.1 18 0.39 15
7 | Tropical Seasonal 2.3 16 0.47 18
Swamp Forest 1.4 16
1.0 21
1.0 18
8 | Tropical Semi- 4.8 16 0.31 15
Evergreen Forest
14 .1 20 2.3 10 0.30 15
0.5 17 14 16
9 | Khair & Sissoo Forest 9.1 29 1.5 16
6.4 20 1.3 17
13.6 10 3.5 12 0.97 10
54 20 3.4 10 0.88 12
54 10 1.1 10 0.39 15
10 | Plantations 1.5 10 0.47 10
1.9 10 0.52 10
2.1 10 0.47 16
11 10 0.19 10
. 0.39 10
16.0 15 36 15 0.24 10
1.9 10 0.21 10
24 10 0.27 10
0.06 10
L Uplang Grassland 0.21 10
0.23 10
0.16 12
e 0.18 12
\
Contd...
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Table 3.2 contd.
B[——W[;gﬁ;ﬁion Types Patch Type
No. Large [ Medum T Small
Area | Quadrats | Area | Quadrats Area | Quadrats
sq km Sampled sq km Sampled sqkm | Sampled
- 14.5 20 4.6 10 0.80 10
12.4 20 5.1 15 0.83 10
19.2 20 3.9 10 0.48 10
12 | Lowland Grassland 2.5 10
1.6 14
1.7 10
4.4 10 0.84 10
1.8 10 0.17 10
13 | Tamarix Scrub 0.40 10
0.9 10

The four sides (the outermost trees) of the quadrats were marked with green paint
and each quadrat was numbered. Quadrat boundaries were demarcated by rope
and also by 1.5 m iron Pegs at the four corners. Individuals of tree species with >30
. Cm girth at breast height and >3 m height with a distinct bole were considered trees.
In"each plot, the Species, their individuals and girth at breast height (GBH) in cm of
each tree were recorded. A nested plot of 10m x 10m (100 sq m) was marked within
the larger plot for shrubs. Woody species with GBH <30 cm, height <3m and those
branChing from the base of the stem were considered shrubs (Muller-Dombois and
Elenberg, 1974). The species were identified and their number of individuals in
*ach case were recorded. Forest plots were sampled during November, 1997 to
Feerary’ 2001 prior to the onset of summer and fire season. Existing checklists
from forest Inventories (trees, shrubs, herbs, sedges, grasses and ferns) along with
oca ames of plants wherever available were the basis of initial identifications of
Plants, Knowledge of field staff on local names was also appropriately used. The
Pecimeng of doubtful and unidentified plants were collected, dried and preserved for
SUbSeq“e”t identification by the Herbarium Section of the Wildlife Institute of India,
Pfaf;rzslsun, The Flora of Dudwa National Park (Singh, 1‘997)' and the Flora olf :Jttar
(Khanna et al., 1998) were also used for identification and nomenclature.
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The book on name changes and synonyms by Bennet (1987
qames wherever necessary.

) also used to confirm

3.2.3 Grasslands

Broadly, two type of grasslands viz.,, Upland and Lowland grasslands were
deciphered and sampled for their composition and diversity. The Upland grasslands
had sparsed trees, while Lowland grasslands were devoid of trees, mainly due to
their annual flooding and burning. Quadrats 10m x 10m were [aig in the Lowland
grasslands for the assessment of shrub, herb, sedge and grass diversity. Data
collection in grasslands was carried oyt in the post-rainy season i.e. October-
December, 1999 and 2000, when the majority of grasses and other herbs were
flowering, aiding identification, and also just before grasses were ready to be burnt in
January-February.

In Lowland grasslands that were inaccessible due to surrounding swamps, plots
(10m x 10m) were marked and quantified riding an elephant. Cover/abundance for
each species was rated on the Domin scale (1-10, or a “+”" for solitary plants). This
Was done as described by Mueller-Dombois and Ellenberg (1974).  Unknown

Shecies were described, numbered, and collected for later aentificstan,
3.24 Vegetation Analyses

Data analysis was performed at the four levels: (i) the entire landscape; (ii) each
Vegetation type; (iii) each constituent area; and (iv) protected areas (DNP and

KWLS) VS managed forests (NKFD and SKFD). Corresponding data sets for the

ab ;
OVe four levels were analyzed for the following:

(a)

PreSence/absence of species in the landscape, each vegetation type,

Constituent areas, PAs and MFs.
Total NUmber of represented plant families, genera and species for each of

the aboye categories.
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percentage frequency, abundance, basa) areg and
(1968). The Importance Valye Index (
determined (Curtis, 1950; Mishra, 1968).

density as per Mishra
IVI) for each tree species was

In case of shrubs, herbs, grasses,
sedges and ferns, values of density and abundance were computed.

(d) The girth class distribution of important tree Species in standard classes with
an interval of 30 cm each was determined.

(e) Diversity indices (Richness, Diversity and Evenness) using software package
‘STATECOL" Programme in BASIC were determined.

The vegetation data was analysed for frequency (F), density (D), and
abundance (A). The term abundance and density represent the numerical
strength of species in the community. Frequency, if considered along with
abundance, gives an idea of the distribution pattern of the species while the
later represents the number of individuals per unit area. The density and
frequency taken together are of prime importance in determining community
structure and have a variety of uses far beyond those of other quantitative
values (Mishra, 1968). The Importance Value Index (IVl) was computed for
each of the tree species by adding the relative values of frequency, density and
dominance (basal area) or abundance following Mishra, (1968), Zhang and
Cao, (1995). Abundance, density and per cent frequency values for each

SPecies were computed using the following formulae:

Number of sample plots in which the species occurred
7 Frequency = X 100
Total number of studied sample plots

Total number of individuals of a species in all sampled plots

Abundance =
Number of sampling plots of occurrence

Total number of individuals of a species in all plots

Density =
Total number of studied sample plots
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among the species) and indices based on the Proportioned abundance of the
species. Over the years a number of indices have been proposed for
characterizing species richness and evenness. Such indices are termed as

richness and evenness indices. For better Clarity, these terms/indices and
their formulae are explained below:

Species Richness (NO): The number of species in a community or in a

sampling area is referred as species richness. Margalef (1958) has given an
index for species richness:

S-1

Margalef index R =
In (n)
Where S = the total number of species in a community
N = sampling points
Higher the value of R means greater species richness’,

Species ‘Evenness or Equitability: Evenness refers to how the species
abundances (e.g., the number of individuals, biomass, cover etc.) are
distributed among the species. Shannon’s Index (H') was used in the present
study.

Shannon’s Index — H’: The Shannon Index (H) has probably been the most
Widely used index in community ecology. It is based on information theory
(Shannon and Weaver, 1949) and is a measure of the average degree of
“UnCertainty" in predicting to what species an individual chosen at random
from g collection of S species and N individuals will belong. This average
Uncertainty increases as the number of species increases and as the

distribution of individuals among the species becomes even.
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The equation for the Shannon function, which uses natural logarithms (In), is

S*
H’ =Z (pi In p))
=I

Where H' is the average uncertainty per species in g infinite community made

up of S* species with known Proportional abundances P1, P2, P3eeveen..... ps;
S* and p; s are population parameters and, in practice, H' is estimated from a
sample as

- 3 [T

Where n; is the number of individuals belonging to the ith of S species in the
sample and n is the total number of individuals in the sample.

“‘Maximum the value of H’ means al| S species are represented by the same
number of individuals, that is, a perfectly even distribution of abundances”.

() SPSS (Statistical Package for Social Sciences, Version 8.0) statistical
'analysis software was used for cluster analysis using tree data }:ollected for
the entire landscape. Data on number of individuals for each recorded tree
Species in sampled quadrats was employed for cluster analysis. Each sample
plotin g particular forest type was treated as a separate cluster and combined
Clusters until one were left. Ward's cluster method and Euclidean distance
interval were followed for cluster analysis. Dendrogram was plotted to assess

the Cohesiveness of the clusters formed.

The grassland classification analysis was carried out using the polythetic

divisive Clustering technique TWINSPAN (Hill, 1979). Pseudospecies cut
levels were set at 2%, 5%, 25%, 50%, and 75% cover, whilst all other options
Were set to default levels. The groups resulting from the TWINSPAN analysis

are SUmmarized in the present study by including only indicator species and
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strongly preferential species for €ach group to avoid

Producing long lists of
species (Peet et al., 1997).

(Ganesh et. al., 1996)

FIV = relative density + relative diversity + relative dominance
(for all numbers of a given plant family combined)

Relative density = (number of individuals of the species x 100)/total number
of individuals in the sample

Relative diversity = (number of Species in the family x 100)/total number of
species in the sample

Relative dominance = (basal area of the family x 100)/total basal area in the
sample

3.3 The Results - Forest Vegetation

The forested landscape exhibited rich plant diversity owing to a variety of factors —
physiography, topography, climate, biotic interactions,  disturbance, past
Management and succession. The landscape spatial heterogeneity in terms of
landuse/land cover types (forest and non-forest categories) in TCA has already been
described in the previous Chapter. The present section specifically deals with the
Vegetation structure and composition in each of the identified vegetation type,

Constituent areas and the overall landscape.
33.1 Vegetation Types

Forests i TCA predominantly belong to the Tropical Moist Deciduous type and can
e.br %adly grouped in four categories viz., Moist Sal (Shorea robusta) forests, Moist
Xed Deciduoys forests, Swamp forests and Savannah (Plate 2.1). According to

° Teviseq Classification of the Forest Types of India given by Champion and Seth

(1968): forest Plans relevant to TCA have described the four major Groups and

Ve ®daphic forest types (Chandra, 1972; De, 2001). The vegefation types

r11'clpped N the present study using the satellite data and their probable
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tree species merged with dense Sg| forest and moderately closed S| forest,
respectively. Khair and Sissoo forests and the Upland grassland clustered together.
The Tropical Seasonal Swamp forests showed affinity with Tropical Semi-Evergreen

forests. Plantations were distinctly separateqd out. Details of different vegetation
types mapped are as under:

3.3.111 Tropical Semi-Evergreen Forest

This forest type occurred in more or less permanently wet/moist soils consist of fine
clay and rich in humus. It prominently occurred along the perennial streams (nalahs)
and also near swamps (faals) in DNP. Prominent tree species viz., Syzygium
cumini, Ficus racemosa and Mallotus philippensis occurred in this forest. Other
associated tree species were: Trewia nudiflora, Schleichera oleosa and Syzygium
Cérasoides. Ardisia Solanacea and Murraya koenigii were prominent shrubs.
Climbers Tiliacora acuminata and cane (Calamus tenuis) commonly occurred. Fern

(Lygodium flexuosum) was conspicuous.

3312 sal Forest

Sal (Shoreq robusta) occupied a major part of the forestland. Some of the best Sal

ts Occurred on higher alluvial terraces (damars) with loamy soils. Other

foreg
impg

tant aSsociated species found were Terminalia alata and Lagerstromia
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Fig.3.1 - Dendrogram Showing Vegetatio ificati
i : nC i
Hierarchical Clyster Analgsis lassification Using

Rescaled Distance Cluster Combine

R

Moist Mixed Deciduous Forest
Khair and Sissoo Forest
Upland Grassland

Tropical Seasonal Swamp Forest

Tropical Semi - Evergreen Forest

Dense Sal (> 60%) Forest

Moderately Dense Sal (40-60%) Forest

Open Sal (>40%) Forest

Plantations

parviflora. The middle storey comprised of Mallotus philippensis and Millusa velutina.
Profuse growth of Syzygium cumini and Scheleichera oleosa along streams
occurred. The forest undergrowth was composed of Ardisia solanacea, Colebrookia
Oppositifolia, Clerodendron viscosum, Murraya koenigii, Fleminigia macrophylla and
Glycosmis pentaphylla. Phoenix aculis and Helicteres isora also occurred. Woody
climber Tiliacora acuminata formed a dense carpet on ground in several patches.
Calamuys tenuis could also be seen in moist places along streams. Teak (Tectona
andis) has been successfully introduced in several places by clear felling as well
% gap Planting. Varied species composition was seen in slightly low lying areas or
less draineq areas.  Prominent grass species recorded were Desmostachya
bipi”NGta, Themeda arundinacea, Saccharum bengalense, Saccharum spontaneum
and Imperatq cylindrica. Three distinct Sal forest types viz., dense Sal, moderately
floseq Sal, and open Sal were deciphered based on the corresponding canopy

tCOVer Classes (>60%, 40-60% and <40%) and their respective colour, texture, and
Ong j
*In the sateljite imageries.
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able 3.3 - Vegetation Types Mapped Using Sateljite pat

" o = Sing a and Corresponding
Forest Types As Described in Different Forest Plans
tion Types (Mapped) Corresponding Forest T C i
SI. | Vegetation [ ypes (Champion and Seth, 1968) as Described
T%atelhte Data by Chandra (1972) and pe (2001) in Previous Forest PIarZs
—7 | Tropical Semi-Evergreen Forest grgup 2 = Tropical Semi-Evergreen Forest
ub-Group 2B — Northern Tropical Semi-Evergreen Forest
Type = 2B/E1 (Cane Brakes)
—
2 Dense Sal Forest Group 3 — Tropical Moist Deciduous Forest
3 Moderately Closed Sal Forest Sub-Group 3C- North Indian Moist Deciduous Forest
4 Open Sal Forest Types = 3 C/C2b(ii) Damar Sal Forest
= 3C/C2b(ii) / 3C/C2d(i) Damar Sal/Western Light
Alluvium Plains Sal
5 | Sal Mixed Forest Group 3 ~ Tropical Moist Deciduous Forest
Sub-Group 3C~ North Indian Moist Deciduous Forest
= 3C/C2b-C2D(i) Moist Bhabhar Sal - Western
Light Alluvial Plains Sal
Group 3 — Tropical Moist Deciduous Forest
6 Chandar Sal Forest Sub-Group 3C- North Indian Moist Deciduous Forest
—3C/C2d(i) App. Chandar Sal Forest
7 Moist Mixed Deciduous Forest Group 3 — Tropical Moist Deciduous Forest
Sub-Group 3C- North Indian Moist Deciduous Forest
— 3C/C2D(i) Western Light Alluvial Plains Sal and
the floristic variant South Kheri Type
— 3C/C2d(i) / 5B/C1b Western Light Alluvial Plains
Sal and Sub-Group 5B — Northern Tropical
Deciduous Forest
— 5B/C1b Dry Plains Sal Forest
8 | Tropical Seasonal Swamp Forest | Group 4 — Littoral and Swamp Forest
Sub-Group 4D- Tropical Seasonal Swamp Forest
Type — 4D/SS2 Barringtonia Swamp Forest
—4D/353 Syzygium cumini Swamp Low Forest
\
9 | Khair and Sissoo (Acacia catechu Group 5 - Tropical Dry Deciduous Forest
and Dalbergia Sisso0) Forest Sub-Group 5B- Northern Tropical Dry Deciduous Forest
Type - 5B/IS2 Khair - Sissoo Forest
[
10 Tamarix Scrup Sub Group 5B~ Northern Tropical Dry Deciduous Forest
Types - 5B/IS3 Inundated Babul Forest
— 5B/DS1 Dry Deciduous Scrub
\
K Plantations Mainly Teak (Tectona grandis) and Eucalyptus plantations
\
- ical Moist Deciduous Forest
2 |y Group 3 Tropical M . ; Bsrenl
Pland Grag -Group 3C- North Indian Moist Deciduous Fores
—— RSB - 3C/C2/DSI - Moist Sal Savannah
\
i ist Deciduous Forest
B | Group 3 ~ Tropical Moist D . Forest
OWlang - C~- North Indian Moist Deciduous Fores
\J Grassland Sub-Group 3 — 3C/IS| - Low Alluvial Savannah Woodland
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3313 Sal Mixed Forest

gasically this forest type occurred only in five Patches, that too in two protected
areas. These forests confined on the gentle slopes, old river terraces around
grasslands in Belghat, Chandpara and Mohrania blocks of DNP. The over-wood
was composed of scattered old Sal angd Terminalia alata trees with majority middle
aged trees. Regeneration of Sal was poor. No distinct feature in shrub and herb
layer was observed to characterize this forest type from the above Sa] forests.

3.3.1.4 Chandar Sal Forest

This type of forest occurred in frost affected areas of KWLS and SKFD. Severe frost
in most years has kill back all Sal growth under 5 m Or so in height. Frosty Chandars
have either allowed partial or full growth of Sal. The soil is light to very alluvium on a
dry sub-soil. Despite severe frost conditions, the Sal saplings have at many places
managed to establish and fairly dense pole crop can be seen. The Chandar Sal
have been recognized as a special type of savannah land, representing a sub-climax
on which frost is the chief limiting factor (De, 2001). Chandars are mostly covered
by tall coarse grasses and Themeda arundinacea predominated. The presence of
Eu/ali0psis binata in some patches was conspicuous. Stunted coppice growth is
usually mixed up with grasses. Usually a number of shoots springs up from each
foot stock and from April to about the mid December a good coppice crop of Sal can
be seen, | winter the coppice shoots die back and the dry stems get burnt in the
deliberate or accidental fires. The root stocks survive the frost and fire and produce
New Coppice shoots in the next season. Mallotus philippensis, Bauhinia racemosa,

V2ygium Cumini and Bridelia squamosa were the main associates with Chandar
Sal,

3l -
315 Moist Mixed Deciduous Forest

5 3bsence of Sal was conspicuous in these forests. The presence of
m'SceuaneouS Species has made these forests highly diverse. These forests
Qenerany occurred on sandy alluvium. Teak (Tectona grandis) and Eucalyptus

Citri e . :
ltrlodor 4 have been successfully introduced. Mallotus philippensis, Syzygium

.
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cumini Trewia nudiflora, Dalbergia sissoo, Ficus racemosa 3
the main constituents of these forests.

praussonetia papyrifera, Millusa veluting an

nd Acacia catechu were
Terminalia alata, Haldina cordifolia,

3.3.1.6  Tropical Seasonal Swamp Forest

This forest type was found in Swampy depressions along streams which remain
under water continuously for a long period during the rains or where deep black
heavy waterlogged soils occurred. Previous forest plans relevant to TCA have
described two sub-types viz., Barringtonia Swamp forests and Syzygium cumini
dominated forests. In the present study, both these types have been grouped
together and designated as the Tropical Seasonal Swamp forest. Soil aeration is
usually poor and the soils are rich in humus.  Syzygium cumini was the main
constituent tree species in such forests. Barringtonia acutangula dominated patches
occurred along the Ull and Katna rivers in SKFD. Trewia nudifiora, Terminalia alata,
Lagerstromea parviflora and Ficus racemosa were the prominent co-associates.
Clerodendrum viscosum, Glycosmis pentaphylla and Murraya koenigii were the
Prominent shrubs, Corchorus aestuans, Dioscorea belophylla and Ageratum
%onyzoides were the important herbs in this type of forest. Syzygium cumini formed
ddense Crop with long clean boles.

33.1.7 Khair and Sissoo Forest

The Khair (Acacia catechu) and Sissoo (Dalbergia sissoo) type of forest occurred on
New sandy alluyiym along streams and rivers (Suheli, Mohana, Ghagra and Sharda).
hese forests were mixed with heavy growth of grasses. Regeneration of both
“Pocies Was scarce, as these forests are prone to fire. Flooding and prolonged
W‘ater logging of these forests result into poor and stunted growth of Khair and
oo, Bombay ceiba, Haldina cordifolia and Catunaregam spinosa were co-
associates_ C/erodendrum viscosum, Triumfetta pilosa, Glycosmis pentaphylla and
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Jiziphus mauritiana were important shryps in such forest,
calotropis procera  also occurred in these forests.
gttenuata and Dioscorea belophylla were prominent herbs.

Lantana Ccamara and
Cassia tora, Commelina

3.3.1.8 Plantations

Extensive plantations of Acacia catechy, Dalbergia sissoo, Bombax ceiba, Ailanthus
excelsa, Tectona grandis and Eucalyptys citriodora have been raised as gap
planting as well as after clear felling. During recent decades, large scale
mechanised plantations of teak (Tectona grandis) and Eucalyptus were raised.
Eucalyptus plantations were successful in grasslands or ‘grassy blanks’.

3.3.1.9 Upland grassland

This type was characterized by the occurrence of ‘grassy blanks’ or ‘phantas’ inside
the moist sal forests. These grasslands occurred on well-drained soils. These
grasslands occupied large areas and were scattered. Possible three explantations
for the occurrence of such vast ‘phantas’ have been documented (De, 2001).
Accordingly, such areas were either probably old camping sites for passing caravans
Or such areas are frost prone pockets where tree growth is retarded. The most
Probable explanation appears to be that these are old river beds of pre-historic lakes
Or swamps, which have silted up and are devoid of tree growth. This explanation is
SUPported by the fact that the ‘phantas’ are elongated in shape and are in the
%eneral direction of the drainage. Further, tubewell borings in such areas have
*Xposed not only gravel and pebbles but also bones of marine life. Some Upland
drasslands have scattered tree growth of species such as Bombax ceiba, Syzygium
CeraSOideS, Dalbergia sissoo, Randia uliginosa, Haldina cordifolia and Acacia
“atechy, The undergrowth consists of Helecteres isora and dense grass. The
dominant grasses vary from place to place depending upon the soil type, drainage
- management conditions. Arundo donax, Phragmites karka and Sclerostachya
"% were thus found in swampy locations while Themeda arundinacea occurred in

fai

S'Ny Wel| drained soils and Imperata  cylindrica, Desmostachya  bipinnata,
OymbODOQon Jwarancusa, Saccharum spontaneum and S. bengalense were found
Ver Claygy Soil,
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3.3.1.10 Lowland grassland

This type of grasslands occurred in low lying areas/depressions which were water
logged or marshy in nature. Such areas haq alluvial soils, mostly sandy with clayey
patches. Depressions mark the old river channels. Frost was common especially in
the low-lying areas. These areas got annually burnt. The prominent species
occurring in the higher area were Bombax ceiba, Haldina cordifolia, Butea
monosperma, Dalbergia sissoo, Albizia lebbeck, Scheleichera oleosa and Syzygium
cumini. In the low-lying areas, prominent species were Bombax ceiba, Ficus
racemosa and Syzygium cumini. Prominent grasses were Saccharum spontaneum,
Arundo donax, Phragmites karka, Themeda arundinacea, Sclerostachya fusca and
Saccharum narenga. These grasslands have interspersed swamps.

3.3.1.11 Tamarix Scrub

This type occurred on the river islands of Sharda and Ghagra rivers. These islands
were of fresh alluvium and devoid of trees. Shrub Tamarix dioica dominated these
islands. At places, Ziziphus mauritiana was also seen. Saccharum spontaneum was
the dominant grass species.

3.3.2 Species Composition

Plant species diversity in the overall landscape, its four constituent areas and

different vegetation types is described below one by one.

3.3.2.1 Landscape

Intensive Vegetation sampling in above described forest and grassland types of TCA
"eVealed g florg| diversity of 259 plant species belonging to 199 genera and 76
"amilies (Table 3.4), This included 96 tree, 38 shrub, 89 herb, 25 grass, 6 sedge and
S fern SPecies (Table 3.5). Out of recorded 259 species, 215 were Dicotyledons and
4 were Monocotyledons. The ratio of families belonging to Monocotyledons to
DiCOtyledons was 1:4.84, of genera 1:4.85, and of species 1:4.88. Despite intensive
SYstematic sampling, the present study recorded a much lower plant diversity than
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carlier described 821 species of Angiosperms belonging to 489 genera and 120
ramilies in Dudwa National Park ang adjacent areas of Kher
potanical exploration (Singh, 1997).

i District based on the

In this case, the ratio of families belonging to
Monocotyledons to Dicotyledons was 1:4.76, of genera 1:3.75, and of species

1:3.41. The lower plant diversity recorded in the present study can be mainly
attributed to the exclusion of aquatic ang Cultivated plants, poor representation of
several highly localized, seasonal and rare herbs and other short lived annual
grasses.

Table 3.4 - Representation of Plant Families, Genera and Species in TCA and
Four Constituent Areas

Sl.No. Area Families | Genera | Species
1 Terai Conservation Area (TCA) — Present Study 76 199 259
< Dicotyledons
< Monocotyledons 63 165 215
13 34 44
2 Dudwa National Park (DNP) 73 192 249
3 | Kishanpur Wildlife Sanctuary (KWLS) 69 159 181
4 | North Kheri Forest Division (NKFD) 60 122 143
\
S | South Kheri Forest Division (SKFD) 65 128 154
6 | KneiD trict (Singh, 1997) 120 489 821
eri District (Singh,
L (Sing

Except for the members of the families Poaceae and Cyperaceae, the
MonOCOtyledons were rather poorly represented. Ten dominant families based on
higher répresentation of genera and species were: Poaceae, Fabaceae, Moraceae,
E”phorbiaceae, Asteraceae, Rubiaceae. The most dominant family i.e. Poaceae was
"®Presenteq by 21 genera and 25 species. The Fabaceae was the second most

Qomingnt family with 17 genera and 21 species (Table 3.6).
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Table 3.5 -

Representation (Presence
Grasses, Sedges and Fern

and Absence

) of Trees, Shrubs, Herbs,

s in Four Constituent Areas of TCA

s |  Species Family DNP | KWLS [NKFD[SKED | Totai

No. =727\ n=325 |n=259)n=437| Quadrats

(n=1,748)
and Presence
in
Constituent

] ‘L Areas*

A [Trees :

1 |Albizia procera Mimosaceae « T y

2 |Alstonia scholaris Apocynaceae * 1

3 |Antidesma acidum Euphorbiaceae * 1

4 |Careya arborea Lecythidaceae * 1

5 |Casearia graveolens Flacourtiaceae * 1

6 |Catunaregam uliginosa Rubiaceae * 1

7 |Ficus semicordata Moraceae * 1

8 |Ficus oligodon Moraceae * 1

9 |Ficus palmata Moraceae bl 1

10 |Gardenia turgida Rubiaceae % 1

11_|Gmelina arborea Verbenaceae * 1

12 |Grewia sapida Tiliaceae * 1

13 |Lagerstoemia speciosa Lythraceae * 1

14 |Lepisanthes rubiginosa Sapindaceae * 1

15 _Miliusa tomentosa Annonaceae * 1

16 |Emblica officinalis Euphorbiaceae * 1
|17 _|Premna Iatifolia Verbenaceae * 1
|18 |Randia tetrasperma Rubiaceae * 1
| 19 |Terminalia chebula Combretaceae * 1
| 20 lAlbizia lebbeck Mimosaceae * * 2
|21 _Artocarpus lakoocha Moraceae * * 2
|22 Wzidarachta indica Meliaceae * * 2
|23 |Barringtonia acutangula  |Lecythidaceae * h 2
24 _Bauhinia variegata Caesalpiniaceae | * ” z
2\5Br"’u’ssiel’fapapyrifera Moraceae * i 2
- 26_Celtis tetrandra Urticaceae * ” -
27 |Cordia dichotoma Boraginaceae ¥ : 2
Z\SMMFJM& Dillieniaceae . <
5\3% Burseraceae i : - ?_
?Km&_%/@ Malvaceae - - 5
?W\% Anarcardiaceae | * _ s
?P_ella azedarach Meliaceae - ~ 3
?P’thecewdulce Mimosaceae - * 5
?P;G’%M\;upium Fabaceae , - =
——erospermum acerifolium (Sterculiaceae
38 |Sapindis - : - . 2

37 M\SSI S?plndaceae " - - 3
? acia niloticg Mimosaceae - " 3
\CaSsine / e *

39 o aca Celastracea - " . 3
\1% Rutaceae

.
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Table 3.5 contd...
ﬁ'ﬁ"" Species Family DNP (WF\NKFD SRS e

No. N=727) n=325 [n= 259 N =437\ Quadrats

(n=1,748)
and Presence
in
Constituent

40 |Drypetes roxburghii Euphorbiaceae ol Areas®
41 |Ficus benghalensis Moraceae
42 |Ficus rumphii Moraceae 3

43 [Ficus virens Moraceae B 2

44 |Grewia disperma iliaceae 2

45 |Grewia elastica Tiliaceae ’

46 |Moringa oleifera Moringaceae g

47 [Morus alba Moraceae

48 |Pongamia pinnata Fabaceae g

49 |Psidium qujava Myrtaceae 3

50 |Sterculia villosa Sterculiaceae 3

51 |Syzygium cerasoides Myrtaceae 3

52 [Terminalia arjuna Combretaceae 3

53 |Toona ciliata Meliaceae 3

54 lAcacia catechu Mimosaceae 4

95 |Acacia concinna Mimosaceae 4

96 lAegle marmelos Rutaceae 4

57_lAlbizia chinensis Mimosaceae 4

58 |Bauhinia racemosa Caesalpiniaceae 4
| 59 _Bombax ceiba Bombacaceae 4
| 60 |Bridelia squamosa Euphorbiaceae 4
| 61 Butea monosperma Fabaceae 4
| 62 |Casearia elliptica Flacourtiaceae 4
| 83 _|Casearia tomentosa Flacourtiaceae 4
64 |Cassia fistula Caesalpiniaceae 4
G\SM‘E@ spinosa Rubiaceae 4
G\S%LMO Fabaceae 4
6\71)'\082w0xylon Ebenaceae 4
88 IEhretia laevis Boraginaceae 4
6\QEU\C"’"ZMdora Myrtaceae 4
10 Ficus his ida Moraceae 4
;\;,’z ’:CUS racemosa Moraceae 4
E F;:Zi L'I' ;f'la ,1?726 Moracee.xe :
7\4 Haldina e ;ce? Flacpurtnaceae 4
7\5 HO/arrhe ifolia Rubiaceae 2

76 %\MMens Apocynaceae - - -
?H\wg@a Ulmaceae * - 4
?La Dendictyon orixense _ |Rubiaceae ’ - - : :
ELans;stroemia arvifolia _ |Lythraceae : : < " j
(80 | e Q /CO_romande/ica Anacardiaceae - - - 2

——<Qlutinosa Lauraceae i

Contd...
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le 3.5 Contd. o

Tab
ﬁrr’"fSpecies Family [ Total
No. Quadrats
(n=1,748)
and Presence
in
Constituent
81 |Madhuca longifolia Sapotaceae Arias
g2 Mallotus philippensis Euphorbiaceae 4
a3 |Miliusa velutina Annonaceae
gi Mitragyna parvifolia Rubiaceae :‘
85 |Ougeinia oojeinensis Fabaceae 2
86 |Schleichera oleosa Sapindaceae 2
87 |Semecarpus anacardium _ |Anarcardiaceae 4
88 [Shorea robusta Dipterocarpaceae 4
89 |Spondias pinnata Anarcardiaceae 4
90 |(Streblus asper Moraceae 2
91 |Syzygium cumini Myrtaceae 4
92 |Tectona grandis erbenaceae 4
93 [Terminalia alata Combretaceae 4
94 |Terminalia bellirica Combretaceae 4
95 |Trewia nudiflora Euphorbiaceae 4
96 Ziziphus xylopyra Rhamnaceae 4
Total Tree Species
Sl. Species Family Total
No. Quadrats
(n=1, 967)
and Presence
in
Constituent
Areas*
| B Shrubs
1 _|Clerodendrum indicum Verbenaceae 1
L%par Fabaceae 1
i%@ngeticum Fabaceae 1
4_Desmodium motorium Fabaceae 1
%ges‘m%ww/um Fabaceae 1
?Cesmodlum triflorum Fabaceae 5
T(zm&w@yﬂa Verbenaceae :
TMM Asclepiadaceae :
W‘;Sba\”’_&msm Fabaceae 5
?Cesban/a.: sesban Fabaceae 3
Flsm\otrf’&s_g_lbamaa Asclepiadaceae :
Fv\m’%lwa Fabaceae 5
?Aen%g% Rhamnaceae 3
ECE Aagus adscendens _ |Liliaceae 3
18 C/eizg Occidentalis Ceasalpiniaceae s
17 -~ e’?dfum Serratum  |Verbenaceae 3
aSiatica Leeaceae
Contd...
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Table 3.5 contd...
ﬁr‘/' Species Family FWFKW\LSW 5D —
No. =812\ n=375 |n=303|n=477 Quadrats
(n=1, 967)
and Presence
in
Constituent
- - — Areas*
18 |Securinega virosa Euphorbiaceae * n " :
19 |Thespesia lampas Malvaceae * * * 3
00 |Triumfetta pilosa iliaceae * : . 3
21 |Calamus tenuis Arecaceae # * x 3
22 |lchnocarpus frutescens Apocynaceae - * * 3
23 |Ardisia solanacea Myrsinaceae ¥ * * * 4
24 |Carissa opaca Apocynaceae ’ & * * 4
25 |Glycosmis pentaphylla Rutaceae ol * * * 4
26 |Clerodendrum viscosum  Nerbenaceae * * * * 4
27 |Colebrookea oppositifolia  [Lamiaceae * * * * 4
28 |Flemingia macrophylla Fabaceae * . * * 4
29 |Grewia hirsuta Tiliaceae * * * * 4
30 |Grewia sapida Tiliaceae * ¥ % * 4
31 |Helicteres isora Sterculiaceae * * * * 4
32 |Lantana camara Verbenaceae * * * * 4
33 |Murraya koenigii Rutaceae * * * * 4
34 |Phoenix acaulis Arecaceae * * * * 4
35 |Ziziphus mauritiana Rhamnaceae x * * * 4
36 [Tamarix dioica Tamaricaceae * * * * 4
| 37 _|Tiliacora acuminata Menispermaceae | * * * ¥ 4
| 38 |Securinega leucopyrus Euphorbiaceae * * * * 4
|____[Total Shrub Species 38 23 25 27
Sl. Species Family DNP | KWLS | NKFD | SKFD Total
No. n=812| n=375 |n=303|n=477| Quadrats
(n=1, 967)
and Presence
in constituent
— Areas*
| C Herbs
;\:‘\bglmoschus crinitus Malvaceae i 1
TAn/sor?velgs indica Lamiaceae * 1
Tcrneb/:a h/§ idissima Boraginaceae ¥ 1
?ﬁ% Vitaceae * 1
?M Cleomaceae * 1
T;@”Wgus\tiﬂnlia Zingiberaceae * }
T#%‘Wgﬂana Acanthaceae * ]
Tg% Asteraceae i 4
EG:;OIVUIU-S alsinoides Convolvulaceae * 1
{ﬁ%bum Asteraceae * 1
12 "aphis hirta Acanthaceae ¥
b1\LaCtUCa dOIiChO hvil * 1
%Wa Asteraceae - 1
acaulis Asteraceae
Contd...
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e 3.5 contd...

Tabl
rsf-r’" Species Family memm Totai
No. "=812| =375 |n=303|n=477| Quadrats
(n=1, 967)
?nd Presence
In constituent
14 Malvastrum Malvaceae ] Areas®
coromandelianum *
15 |Martynia annua Martyniaceae " 1
16 [Melilotus alba Fabaceae * .
17 |Oldenlandia corymbosa  |Rubiaceae * :
18 |Polygonum barbatum Polygonaceae * :
19 |Rauvolfia serpentina Apocynaceae » :
20 |Saussurea heteromalla Asteraceae * 1
21 |Sida rhombifolia Malvaceae * :
22 |Withania somnifera Solanaceae * 1
23 |Aeschynomene indica Fabaceae * * 2
24 Atylosia scarabaeoides Fabaceae * * 2
25 |Blumea hieracifolia Asteraceae * * 9
26 |Borreria articularis Rubiaceae * * 2
27 |Borreria pusilla Rubiaceae * * 2
28 |Commelina attenuata Commelinaceae * * 2
29 |Croton bonplandianus Euphorbiaceae i * 2
30 |Cynoglossum Zeylanicum |Boraginaceae * * 2
31 _|Eulophia flava Orchidaceae * * 2
| 32_|Eulophia dabia Orchidaceae * ¥ 2
3\2 Eughorbl:a hirta __ Euphorbiaceae * * 2
| 34 |Euphorbia hypericifolia Euphorbiaceae * * 2
3\5He/iotrogium strigosum Boraginaceae * * 2
%%ylanicum Boraginaceae * * 2
>0 Hygrophila auriculata Acanthaceae * * 2
| 38 |Leea alata Leeaceae * i =
j\gl%l%mﬁda Primulaceae i ' 2
—-——aravelia zeylanica Ranunculaceae * N 2
41 _Pentanema indicum Asteraceae ¥ i 2
;‘%% Polygalaceae - * 2
?%(’;Zg%cr\otalarioides Polygalaceae * . -
?R\Zlgmmum Polygonaceae * h 2
F;%mim'ma Fabaceae * i 2
?g&f*’?’am‘wus Asteraceae i ’ 2
FV' ?’T'éf anqustifolia Gentianaceae i : =
FAI% hirsuta Fabaceae i - 2
R;&’W’Wm Araceae ” . - 2
517 Blo hytum sensitivum Oxalidaceae * ’ : 2
50 o ea lacera Asteraceae i ’ =
FCISsam elos ariera Meni ae * * * 3
o : enispermace <
ECL Otalé?r/a albida Fabaceae i " - 2
%S Amaryllidaceae ¥ ’ 2
Contd...
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Table 3.5 contd...

3l — Species Family W’_KW\LS[_W% Total
No. nN=812| n=375 |n=303 n=477 | Quadrats
(n =1, 967)
and Presence
in constituent
: — ] Areas*
’5'5—Dioscorea belophylla Dlos?oreaceae * * * 3
'BF-Exacum tetragonum antlanaceae * * * 3
"5’7"Gloriosa superba Liliaceae * * * 3
58 |Parthenium hysterophorus Asteraceae * n : 3
59 |Trichodesma Boraginaceae
sedgwickianum * * * 3

60 |Typha elephantina Typhaceae * * " 3

61 _|Uraria picta Fabaceae * * * 3
62 |Ageratum conyzoides Asteraceae * * « * 4

63 Alternanthera sessilis Amaranthaceae * * * * 4

64 |Amaranthus spinosus Amaranthaceae * * * * 4
65 Amaranthus viridis Amaranthaceae * * * * 4

66 _|Argemone mexicana Papaveraceae * * * * 4

67 |Blumea mollis Asteraceae * * * * 4

68 |Cannabis sativa Cannabaceae * ¥ & . 4

69 |Cassia tora Caesalpiniaceae * * * * 4
70_|Chenopodium album Chenopodiaceae * * * * 4
71_|Coccinia grandis Cucurbitaceae * * ¥ * 4

72 _|Corchorus aestuans Tiliaceae * * * * 4

73 |Curcuma amada Zingiberaceae " * * * 4

74 _Dioscorea hispida Dioscoreaceae * * * * 4
| 75_|Eclipta prostrata Asteraceae > * ¥ * 4
| 76 Evolvulus nummularius Convolvulaceae ¥ * ¥ * 4
| 77_llpomoea pes-tigridis Covolvulaceae % * * . 4
&%&phalotes Lamiaceae * * * * 4
|19 LLeucus mollissima Lamiaceae * * * * 4
B\OMM Mimosaceae * * * * 4
81 10lax nana Olacaceae * * * i 4

| 82 |Oxalis corniculata Oxalidaceae * * ¥ * 4
8\3% Piperaceae * * * * L.
g\g?w‘@opiper Polygonaceae * : : : :
RS\U{’% Acanthaceae * - - - ;
?Sellnm mor.mieri Apiaceae * _ - - .
WW Solanaceae * - - - T
F olanum Surattense Solanaceae * - . 1
——S0nchys as er Asteraceae * ¥

N%s 89 63 | 42 | 31
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Table 3.9 contd...
ﬁr’”?pemes Family DNP | KWLS [NKFD] [SKFD | Toml ]
No. n=812| n=375 |n=303 | n=477 Quadrats
(n=1,967)
and Presence
in
Constituent
s Grasees Areas
1 |Arundo donax Poaceae * T 1
2 |cymbopogon osmastonii  Poaceae . 1
"3 |Oryza rufipogon Poaceae * 1
4 |Arthraxon prionodes Poaceae . 1
5 |Apluda mutica Poaceae ¥ * 2
6 |Cymbopogon flexuosus Poaceae * * 2
7 |Cymbopogon jwarancusa |Poaceae * * 2
8 |Dendrocalamus strictus Poaceae * * 2
9 |Sclerostachya fusca Poaceae * * 2
10 |Seteria verticillata Poaceae ¥ * 2
11 _|Paspalum paspalodes Poaceae * * 2
12 _|Bothriochloa bladhii Poaceae * * * * 4
13 |Cynodon dactylon Poaceae * * * * 4
14 _[Desmostachya bipinnata  |Poaceae * * * * 4
15 _|Eulaliopsis binata Poaceae * * * * 4
16 _|Heteropogon contortus Poaceae * * * * 4
17_|Imperata cylindrica Poaceae = * * * 4
| 18 |Phragmites karka Poaceae * * * * 4
| 19 |Saccharum bengalense Poaceae * * * * 4
| 20 |Saccharum narenga Poaceae * * * * s
21 Saccharum spontaneum  |Poaceae 5 * * ¥ 4
22 Sorghum halepense Poaceae * * * ¥ 4
23 [Themeda arundinacea Poaceae * i ¥ i 4
24 WVetiveria zizanioides Poaceae * * * i 4
| 25 Hemarthria compressa Poaceae * ¥ i . 4
5| el Grass Species o IliD sr1<:n Total
) : = ota
No. Specles Family ,,‘Z?;‘f 2 }n(:vs,gg :=303 n=477 | Quadrats
(n=1, 967)
and Presence
in
Constituent
— Areas*
-E_Sed es
;\gcleria levis Cyperaceae : : . - i
Tcarex fedia Cyperaceae . * 5 ,, 4
Tcyperus iria Cyperaceae - . - 3 2
?E% Cyperaceae - - 1
I#M Cyperaceae : : - - y
\‘T\"S"%ma Cyperaceae G = 5
%l Sedge s ecies 6
Contd...
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ble 3.5 contd...

Ta
erns
%E:Spedes Family WWWFFW SKFD|  Tota]
No. ' n=812| n=375 |n=303 n=477| n=1, 967

/1' Mm esculentum Att?ynaceae * * 5
7 |Adiantum lunulatum Adiantaceae * . n :
3 |Lygodium flexuosum Lygodiaceae * * 3 = -
4 |Pteris vittata Pteridaceae * - " - -
5 |Ceratopteris thalicteroidesParkeriaceae * Z = - 7

—  [Total Fern Species 5 5 2 3

*denotes presence

Table 3.6 - Ten Dominant Families in TCA

SI.No. Family Genera Species
1 Poaceae 21 25
2 Fabaceae 17 21
3 Moraceae 8 13
4 Euphorbiaceae 10 11
5 Asteraceae 5 11
6 Rubiaceae 4 8
7 Mimosaceae 4 8
8 Verbenaceae 6 8
9 Boraginaceae 7 7
(10| Tiliaceae 3 7

3.3.2.2 Constituent Areas

Among the four constituent areas, DNP harboured the maximum plant diversity in
terms of 'epresented families, genera and species i.e. 73, 192 and 249, respectively
(Table 3.4). The least diverse was the NKFD. This was obvious due to the absence
Of five forest types (Tropical Semi Evergreen, dense Sal, moderately closed Sal, Sal

Vixeq and Chandar Sal forests) in NKFD.

The Table 3.5 presents representation of habit-wise (tree, shrub, herb, grass, sedge
nd fern) plant diversity in four constituent areas of TCA. The number of tree
Pecies aMmong the four constituent areas ranged from 63 (KWLS and SKFD) to 86
(DNP)' Ten tree species viz., Antidesma acidum, Careya arborea, Premna latifolia,
Pieig lebbecy Azadirachta indica, Barringtonia acutangula, Dillenia pentagyna,

- .



kydl calycina, Pterospermum acerifofjym and  Sterculia villosa could not be

recorded through vegetation sampling (n=727) undertaken in the DNP. Otherwise
these ten tree species were seen in the Park area. Likewise, some of the tree

As in the case of trees, the maximum number of shrub Species, being 38 was
recorded in DNP while the minimum number of shrubs, being 23 was recorded in
KWLS. Shrubs viz., Clerodendrum indicum, Flemingia chappar and four species of
genus Desmodium (D. gangeticum, D, pulchellum, D. triflorum and D. motorium)
were recorded only in DNP. These six species remained absent in sample plots laid
in three other constituent areas. Sixteen shrub species (42.1%) were common to al|
the four constituent areas. Woody climbers Viz., Tiliacora acuminata and Calamus
tenuis were grouped with shrubs. The former often made a dense mat like profuse
growth and was common throughout TCA.

The number of herb species varied from 31 to 89 in SKFD and DNP, respectively.
Absence of almost 50% herb species in two managed forests (NKFD and SKFD) can
be attributed due to high biotic disturbance i.e. grazing and fire. It seems that higher
relative protection and consequent better soil conditions in the case of two PAs might
have favoured enhanced herb diversity. Twenty-one herb species (31.4%) were

COmmon to all the constituent areas of the landscape.

Singh (1997) has described 77 grass species representing 54 genera in Kheri
District, However, only 25 grass species belonging to 21 genera were recorded
through intensive sampling in different forest and grassland types. Single species of
bambog €. Dendrocalamus strictus was recorded in two PAs only. Fourteen (14)
Jass species .e. 56% of total grass species recorded in the present study were

¢
oMmon to all the constituent areas of the landscape.

Only SIX species of sedges were recorded. Scleria levis occurred only in two PAs.
Cst ﬁve sed

ge species recorded were common to all the constituent areas of the
andSCGDe.
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Five species of ferns were recorded in, TCA throy
osculantum was recorded in two PAs only. A
SKFD. Three fern species viz,, Lygodium flexyo
thalicteroides were common to all the foyr cons

gh intensive sampling. Diplazium
diantum lunulatum was absent in
Sum, Pteris vittata and Ceratopteris

tituent areas and they were widely
distributed.

3.3.2.3 Vegetation Types

The variation in species composition among different vegetation types is
summarized in Table 3.7. Tree, shrub, herb, and grass diversity in the landscape,
constituent areas and each vegetation type is described below in detail.

Table 3.7- Variation in Plant Species Composition Among Different Vegetation

Types in TCA
Sl. Vegetation Types Number of Species
o, Trees Shrubs | Herbs | Grasses Sedges | Ferns | Total
1 | Dense Sal Forest 33 15 08 01 1 5 63
2 | Moderately Closed Sal 56 19 11 02 1 5 94
Forest
| 3 | Open Sal Forest 59 22 17 02 1 5 106
| 4 | Sal Mixed Forest 32 10 06 02 1 5 56
| O | Chandar Sal Forest 29 11 07 05 2 4 58
6 | Tropical Semi-Evergreen 25 08 07 02 2 5 49
|| Forest .
7| Tropical Seasonal 65 21 15 02 2 5 | 110
| Swamp Forest
8 | Moist Mixed Deciduous 71 19 18 02 2 5 | 17
| Forest
| 9 | Khair ang Sissoo Forest 36 17 16 06 2 4 81
10 | Tamarix serup - 02 04 02 3 5 | 16
1\1 P'ﬂntations 51 20 12 03 2 3 91
12 | Upland Grassiang 11 10 | 60 15 5 2 | 103
1\31 Lowland Grasslang - 13 80 17 o > hed

Vegetation diversity in forests and grasslands of TCA is described one by one.
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3.3.3 Forest Diversity - Trees

The number of tree species among different vegetation types varied from 11 to 71.
The lowest number of tree species was récorded in the case of Upland grassland
while the highest number of tree species was obtained in the case of Moist Mixed
Deciduous forest. Thus, the Moist Mixed Deciduous forest was highly diverse in
terms of tree species, followed by Tropical Seasonal Swamp forest and open Sal
forest with 65 and 59 tree species, respectively. Surprisingly, the Tropical Semi-
Evergreen forest had only 25 tree Species. This lowest valye of tree species
amongst all the forest types can be attributeq to the fact that the present extent of
Tropical Semi-Evergreen forests in DNP js just 10.8 sq km or covering only 0.6% of
the forestland (see Table 2.2). This small extent was also distributed into 12
scattered patches, mostly occurring in peripheral areas of DNP (see Table 2.13).
These forest patches experience maximum biotic disturbance due to their proximity
to villages.

A gradual increase in tree species from 33 to 56 was observed while moving from
dense Sal (>60%) forest to open Sal forest. This increase can be attributed to the
fact that probably the opened canopy has favoured several miscellaneous species.
The Sal Mixed forest had lower number of tree species, being 32, less than even the
dense Sal forest. This lower number of tree species in Sal Mixed forest, on the
contrary to expected higher number of species can be accounted to the fact that this
forest type also occurred in small extent i.e. 17.4 sq km and that too distributed in
lust 5 patches. Probably poor soil conditions, past working and resultant poor
"®generation of Sa and other species were the causative factors. Again, Chandar
Sal forests had second lowest number of tree species, being 29 among different
forest pes. The severe frost conditions and frequent burning of dense grass
growth i Such areas have prohibited regeneration and growth of frost and fire
*ensitive Species. The Khair and Sissoo forests harboured a diversity of 36 tree
tspecies. The typical proximity of such forests, one side to river bank while other side
03 vi ‘ : :
Su:hwl{age results into their seasonal ﬂoodlrfg, frequent fire and livestock grazing.
Site Conditions thus, allowed regeneration and growth of only flood, fire and

razj .
"9 resistant tree species only.
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i 0
Fourteen tré€ SPECIes or nearly 15% of the récorded tree species were just confined

1o any one forest type (Table 3.8). Thus, Albizig p
Gardenia turgida, Miliusa tomentosa ang Pithecellobium dulce occurred only in the
Moist Mixed Deciduous forest. Gmegjing arborea, Grewia s

speciosa were recorded in Khair and Sissoo forest onl

rocera, Bauhinia variegata,

apida and Lagerstromea

y- Four tree species viz.,
Emblica officinalis, Lepisanthes rubiginosa, Caesaria graveolens and Ficus oligodon

were recorded in moderately dense Sa forest only.

Sal (Shorea robusta) was conspicuous in its absence in the Moist Mixed Deciduous,
Tropical Semi-Evergreen, Tropical Seasonal Swamp, Khair and Sissoo forests. On
the contrary, Bombax ceiba occurred in these forest types and the Upland grassland
wherein Sal was completely absent.

Five tree species viz,, Syzygium cumini, Mallotys philippensis, Lagerstromea
parviflora, Cassia fistula and Bridelia Squamosa were common to all the forest types.
Haldina cordifolia was absent in Chandar Sal forest only while Bauhinia racemosa
was absent in Tropical Semi-Evergreen forest only. Syzygium cerasoides occurred
in almost all forest types, except in dense Sal forests. Miliusa velutina and Casearia
elliptica were also common to majority of forest types, except these species were
absent in Khair and Sissoo forest.

3.3.3.1 Importance Value Index (1vr)

The Importance Valye Indices (IV1) for each tree species were computed separately
for the overall landscape (TCA), constituents areas and each vegetation type.

Noticeable Observations made in each category are highlighted below:

3.3.3.1.1 VI - Landscape

The Table 3.9 presents values of percentage frequency of occurrence, density,
%Sl areq and V| for 96 tree species recorded in TCA. The data revealed that
a'together 31,467 trees (>30 cm girth) representing, 96 species were enumerated in

74
8 sampleq quadrats (20m x 20m).
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sal (Shorea robusta) and Syzygium cuminj With frequency values, being 45.1% and
39.8%, repectively. Tectona grandis, an exotic to Tera
16.3% sampled plots illustrating that this Species has bee

i occurred in as many as

n widely planted throughout
the landscape either in forest gaps or after Clear-felling of native forests. As many as

47 tree species have just occurred in 17 sampled plots (i.e. 1.0% frequency of

occurrence) or less out of sampled 1,748 plots. Further, out of 96 recorded tree
species, only 10 species obtained values >109 frequency of occurrence.

The overall value of tree density computed for TCA was 450.04 trees/ha. The
highest value of tree density, being 115.55 trees/ha Wwas obtained in the case of Sal.
This was followed by Mallotus philippensis, being 71.35 trees/ha. Interestingly, two
exotics planted species viz., Tecfona grandis and Eucalyptus citriodora together
contributed 16.4% of total enumerated trees in TCA.  Syzygium cumini, Miliusa
velutina, Dalbergia Sissoo, Acacia catechu, Trewia nudiflora, Terminalia alata, Ficus
racemosa, Lagerstromea parvifiora and Barringtonia acutangula were other
prominent species those contributed to tree density. Only 13 tree species or 13.5%
of recorded tree species obtained higher density values than 6.0 trees/ha.

Sal alone occupied 41.8% of total basal area covered by 96 tree species in TCA.
Sal, thus registered the highest value of basal area, being 15.64 sq m/ha. This was
olowed by Syzygium cumini (3.70 sq miha) and Tectona grandis (2.73 sq m/ha)
Spectively.  Six native tree species viz.,, Shorea robusta, Mallotus philippensis,
Svzygium Cumini, Terminalia alata, Ficus racemosa and Miliusa velutina together
Contributed for the 68.5% of the total basal area. The values of IVI for 96 tree
SPecies 'écorded in TCA ranged from 0.02 to 79.16. The highest value of IV, being
.16 Was obtained in the case of Sal (Shorea robusta) indicating it as the most
dOminant tree species in the landscape. Prominent co-associates based on VI
Valygg Were Mallotys philippensis, Syzygium cumini, Miliusa velutina, Dalbergia

%00, Terminalia alata and Acacia catechu. Other important species were: Ficus
face

Sis

Mosa, Trewia nudifiora and Lagerstromea parviflora. Planted tree species viz,

T e b
"dong grandis ang Eucalyptus citriodora also obtained relatively higher values of

. be i ies i.e. 82.3% of
being 24.82 ang 5.67, respectively.  Seventy-nine tree species 1.e. 62.9%
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terms Of their 0CCUTTeNGe, density and basal area, Neyert
, _— . e -
species Were also of greater significance in terms of thei .eletss, rest majority
ree diversity and providing various values to depend ontribution to the overal|
. , en
people despite they obtained lower valyes of VI

ent wild animals and local

Table 3.9 - Importance Value Index (IVI) for Trees in Terai Conservati A
ation Area

(n=1, 748)
Et—.h Ppecies Plots | % Fr [Indivi-[Tree/| BA [Ba/T,
1 |Shorea robust duals | ha 3l RF | RD [ RD [ i
usta 789 | 45.1 | 8079 [115.551093.8
2 Ma//otgs phl/lp,l.)e'nSIS 957 | 54.7 | 4989 |7 ; -8 15.64 [11.69|25.67[41.80 79.16
2 TSyzyaiam ourmind AR 4;.32 ;go.s 2.01 |14.1815.85] 5.36 | 35.39
gﬁllg;zgavglrjg::s 285 | 16.3 | 4182 [59.81 19?:2 S;g 140.29 10.74] 9.89 |30.93
o s v e 416 | 23.8 | 1165 |16.66] 30.8 | 044 6?2 13291 7.31 |24.62
s Daera i 145 | 83 [ 1314 [iasa] oot | & 3.70 | 1.18 [11.04
oy CateChUa 229 | 13.1 | 570 | 8.15 [107.2] 153 3'33 a2 98
¢ i cateon 200 114 1135 Tis gyl L3 | 339 1.81 [ 4.10 [ 9.30
) s nudiﬂorz 185 | 10.6 | 425 | 6.08 [100.9] 1.44 | 274 ?gg YA
11 lLagerstroemia parvifoli 61 1104 | 666 | 9811469 | 067 2.68 2.18 o
o [slioomia parvitolia | 246 [ 14.2 | 436 [ 624 [ 272 | 039 So7 188 o Ton
o joualplus gitiodors 57 | 3.3 | 990 [14.16] 43.8 | 0.63 | 0.8 39 [ 1.04 | 6.10
14 Bombay crea;b(;leosa 183;30 74 | 176 | 252 | 258 | 0.37 1'9§ (3);2 g'gg 32;
15 Casoara i 50 | 173 | 2.47 | 34. S0 s [ ie
16 Hating corgrof 162 | 5.7 | 159 | 285 66 | 000|228 |oos [ 5an T ans
7] M 104 | 59 | 227 | 3.25 | 20.9] 030 | 1.54 | 0.72 e
18 Fious 1o acutangula | 46 | 2.6 | 429 | 6.14 | 263 | 0.38 | 0.68 | 1. A
1g] ng 46 | 26 | 50 | 072552 0.79 | 0.68 YARRTRETS
20 rogie oomosa 132 | 7.6 | 172 | 2.46 | 10.9 ] 0.16 | 1. TALIET
2 e ecvi B2 T8 172 2 9o .96 | 0.55 | 0.42 | 2.92
EM?uhm’a’aCGmosa T 70 [ 16.4 | 0.23 | 1.66 | 0.60 | 0.63 | 2.89
2 #%?MW 20 7 10; ?gg 25053 8.2_3 1.91 | 059 [ 0.21 | 2.72
24 [Lanpeq 228" 84 | 4.8 | 174 | 249 ] 7.2 | 0.10 e T
25 o & coromandelica 79 | 45 | 97 1'39 . : .24 | 0.55 | 0.28 | 2.07
2 Kokrivena pubssoare | o0 ‘. 39 [ 147 0.21 [ 1.17 [ 0.31 [ 0.56 | 2.04
e Mo 0 1 | 148 | 212 4.8 | 0.07 | 1.33 | 0.47 | 0.18 | 1.99
2 Dlos010s melancrgon 40 | 131 | 187 ] 7.5 | 011 [ 1.04 | 0.42 [ 0.29 [ 1.74
2 Broetes roxpirgpn 3 | 36 | 119 | 1.70| 7.8 | 011 [ 0.93]0.38 | 0.30 | 1.61
2 Ficus rumpi 60 | 34 | 113 | 1.62| 7.8 | 0.11 [ 0.89 | 0.36 [ 0.30 | 1.55
2 relgioss 27 | 15 | 29 | 041|247 ] 0.35 | 0.40 [ 0.09 | 0.94 | 1.43
iCassi fisty, 29 | 1.7 | 29 | 0.41|20.4 | 0.29 | 0.43 [ 0.09 | 0.78 | 1.30
Caltis ¢ 54 | 31 | 98 | 1.40 3.6 | 0.05 | 0.80 | 0.31 ] 0.14

2 2L tetrangrg 14 | 1.25
hica ingic 55 | 31 | 86 | 123 21 | 0.03 | 0.81 | 0.27 | 0.08 | 1.17

38 | 22 | 65 | 093] 7.1 | 0.10 | 0.56 | 0.21 | 0.27 | 1.04
Contd...
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Table 3.9 contd-.
. 3 —
ﬁr”ﬁﬁc'es Plots | % Fr '33;7: T:/FWWWTDRTT.
% Kydia calyoina___ 25 | 14 —%9 1099 62 [0.09 {037 025 0.24 | 0.83
35 |praussonetia papyrifera | 27 | 1.5 | 63 090 | 50 | 007 Toac 0.20 [ 0.19 [ 0.79
6 [sterculia villosa 0 1 1.9 | 48 [0.69] 3.0 | 0.04 045 05 0.1 [ 0.76 |
37 [Ficus hispida 28 116 | 52 [074] 43 [ 006 | 041 0.17 | 0.17 | 0.75
(38 Litsea glutinosa_ 53 119 | 46 1066 21 | 0.03 [049 0.15 | 0.08 | 0.71
39 [Terminalia bellir/ga 27 | 15 | 30 [o043 94 | 0.08 | 0.40 | 0.10 0.21 | 0.70
’4'(')'§£ygium cerasoides 25 1.4 35 050 49 0.07 1 0.37 | 0.11 0.19 | 0.67
41 |Butea monosperma 25 1 14 | 30 |043] 51 | 007 [ 037 010 0.20 | 0.66
42[Catunaregam spinosa | 31 | 1.8 | 45 | 064 | 11 [ 002 0.46 | 0.14 | 0.04 | 0.65
43 Semicarpus anacardium | 29 | 1.7 | 37 1053 | 21 | 0.03 [043 012 0.08 | 0.63
44 [Citrus medica 19 | 11 ] 44 1063] 51 | 0.07 028014 020 0.62
45 |Pongamia pinnata 17 | 1.0 | 61 [073] 52 | 007 | 0.25 | 0.16 | 020 0.61
46 [Casearia tomentosa 29 | 1.7 | 37 053] 14 002 |043]0.12]0.05 060
47 Acacia concinna 27 | 1.5 | 43 1061 1.0 | 0.01 [040] 0.14 | 004 058
48 |Grewia elastica 24 | 14 | 33 1047] 1.1 [ 0.02 [ 036010 0.0 | 050
49 Albizia chinensis 20 | 11 ] 20 |041[ 29 [ 004 [0.30]009] 011050
50 |Toona ciliata 18 107 | 16 |0.23] 64 | 0.09 [0.19]0.05 | 024 | 049
91 |Ougeinia oojeinensis 20 1.1 25 1036 24 | 0.03 | 030 0.08 | 0.09 | 0.47
52 Melia azedarach 17 1 1.0 | 24 1034 33 [ 0.05 | 0.25 ] 0.08 | 0.13 | 0.45
53 Albizia lebbeck 11 | 06 | 12 |017 | 56 | 0.08 | 0.16 | 0.04 | 0.21 | 041
54 |Pterospermum
| lacerifolium 15 109 | 27 [039] 1.1 | 0.02 | 0.22]0.09 | 0.04 | 035
55 Acacia nilotica 16 1 09 | 21 [0.30] 0.7 [ 0.01 [ 0.24]0.07 | 0.03 | 033
156 |Terminalia arjuna 9 |05 ] 44 [063] 14 | 002 | 0.13 | 0.14 | 0.05 | 0.33
57 Flacourtia indica 14 | 0.8 | 20 [029] 1.2 [ 0.02 [0.21]0.06 | 0.05] 0.32
%8 Hymendictyon orixense | 13 | 0.7 | 16 | 0.23 | 16 0.02 | 0.19 | 0.05 | 0.06 | 0.30
S Ziziphus xylopyra 12 | 07 | 21 [0.30] 06 | 0.01 [0.18]0.07 | 0.02 | 0.27
80 Dilenia pentagyna 8 105 9 [013] 31 | 004 |0.12]0.03]0.12 | 0.27
1 Spondias pinnata 12 | 07 | 12 047 ] 1.0 | 0.01 [0.18 | 0.04 | 0.04 | 0.26
2 Holoptelea integritoia | 10 | 0.6 | 15 o021 0.3 | 0.00 | 0.15[0.05[0.01 [ 0.21
183 Woringa oleifer 6 | 03| 8 |011] 22 ] 003 [0.09]0.03]0.08]020
84 Bauhinia variegata 7 |04 ] 12 [047] 04 | 001 [0.10 [ 0.04 | 0.02 | 0.16
2 Ficus ounig 3 02| 22 [031] 1.0 | 0.01 [0.04 [ 0.07 | 0.04 | 0.15
6 Grewia disperna 6 | 03] 8 [011] 09 | 0.01 | 0.09]0.03]003]0.15
7 Alstonia scholaris 7 {04 9o [013] 02| 000 [0.10][0.03]001]0.14
8 Morus aiba 4 |02 ] 4 |oo06] 14 | 002 [0.06]001]005]0.13
59 Untidesma acidum 6 | 03| 7 |0.10] 0.1 | 0.00 | 0.09]0.02]0.00]0.12
7\"% 5 | 03] 5 |007] 05 001]007]002]002]0.11
1 Psigium Uiave 5 | 03] 6 |009] 01 ]000]007]0.02]000]0.10
gmﬁs\ 3 | 02| 4 |006] 09 | 0.01 |0.04]001]0.03]009
3 Mangifers indica 4 02| 5 |007| 04 ] 001 ]006]0.02]0.02]0.09
%’?anW 4 | 02| 5 |007] 03 | 0.00 0.06]0.02]0.01]009
72 %a 4 | 02| 5 |007] 01 |000[0.06]002]0.01 o.og
W 4 | 02| 4 |006] 01 000 ]006]0.01][0.00]00
Contd...
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Table 3.9 contd...
FF/—STJGCies Plots | % Fr lggé\l/é T'r]eel WMWTDWT
i a
%Pithecellobium dulce 4 102 | 4 206 | 0.1 | 0.00 [ 0.06 | 0.07 | 000 0.07
78 |Careya arborea 3 102 4 Joo0s 03 | 0.00 |0.04]0.01 [ 0.01 [0.07
79 [Arfocarpus lakoocha 3 102 | 3 [oo4 02 | 0.00 | 0.04]0.01]0.01 [0.08
90 [Casearia graveolens 3 02| 4 1 0-06 | 0.1 | 0.00 [0.04]0.01 0.00 | 0.06
81 [Lagerstoemia speciosa | 3 | 02 | 4 1 006 | 0.1 | 0.00 [0.04]0.01 000 0.06
82 |Lepisanthes rubiginosa | 2 | 0.1 3 1004 05 | 001 0.03 | 0.01 | 0.02 | 0.06
83 |Grewia sapida 8 102 3 [004] 01 o000 0.04 | 0.01 | 0.00 | 0.06
84 |Azidarachta indica 3 102 3 [004] 00000 0.04 | 0.01 | 0.00 | 0.06
85 [Cordia dichotoma 2 |01 2 _1003] 0.5 | 0.01 | 003|001 0.02 | 0.05
86 |Albizia procera 2 | 0.1 3 1004] 04 [ 0.01 003|001 0.01 | 0.05
87 [Emblica officinalis 2 | 0.1 3_10.04] 03 [ 0.00 |0.03]001 0.01 | 0.05
88 [Ficus palmata 1 101 ] 2 1003] 06 | 001 0.01 | 0.01 | 0.02 [ 0.04
89 [Ficus oligodon 2 | 0.1 3_1004] 01 | 0.00 [0.03]0.01] 000 0.04
90 |Pterocarpus marsupium 2 0.1 2 0.03] 0.2 | 0.00 [ 0.03 0.01 | 0.01 | 0.04
91 [Sapidus mukorossi 2 [01] 2 1003] 01 ] 000 [003]0.01 0.00 | 0.04
92 |Randia tetrasperma 2 0.1 2 0.03 | 0.1 | 0.00 | 0.03 0.01 { 0.00 | 0.04
93 |Gmelina arborea 2 0.1 2 0.03] 0.0 | 0.00 | 0.03 0.01 | 0.00 | 0.04
94 Miliusa tomentosa 1 101 3 10041 01 | 0.00 [0.01]001]000]003
95 |Gardenia turgida 1 0.1 1 0.01] 0.1 | 0.00 | 0.01 ] 0.00 0.00 | 0.02
96 |Terminalia chebula 1 101 1 _10.01] 0.0 | 0.00 |0.01]0.00] 0.00 ]| 0.02
6751 31467 450.0412616.7) 37.42 |100.0[100.0]100.0|300.0

323.1.2 IVl - Constituent Areas

Only distinctive Importance Values (IVI) of select tree species those either
Characterizeq a particular constituent area or facilitated distinction among constituent
areas were pooled and presented in Table 3.10. Interestingly, about one fourth of
the totg| fécorded tree species were found mainly responsible those either directly
fiuenceq the structure and composition of a specific area or their current level of

diStribution and abundance reflected overall site conditions and management.

Based On highest values of VI, the Sal (Shorea robusta) was the most prominent
"o SPecies in the case of DNP and KWLS. Two important co-associates in both the

Caseg Were Mallotys philippensis and Syzygium cumini. In addition to this, other

c . !
araCterizing tree species in the case of DNP were Terminalia alata, Ficus

Iy ) .

B ““Mos and Trewia nudiflora while Milliusa velutina, Lagerstromea -pan{/ﬂora,

Uhinig '8Cemosa and Ehretia laevis were noticeable in their contribution in the
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ase of KWLS. Disproportionately higher 1V yajyeg of a
C

o few select Species in DNP
nd KWLS amply indicated that those Species characte

rized forests in these two
constituent areas.

it is evident from the Table 3.10 that Acacia catechy along with the Co-associates

viz, Dalbergia sissoo, Syzygium cumini and Figys racemosa charac
rorests in NKFD.  Other important tree Species in this forest division we

terized the

re Mallotus
ph,-/,'ppensis, Trewia nudiflora, Bombax ceiba and Halding cordifolia. Sal in NKFD

could stand only at the fifth rank based on its IVl value while in the other managed
forest i.e. SKFD, the Sal was again the most Prominent species based on its VI
value. Like DNP and KWLS, two co-dominant Species of Sal in SKFD were Mallotus
philippensis and Syzygium cumini. Other important tree Species those were quite
distinctive in forests of SKFD were Barringtonia acutangula, Dalbergia sissoo,
Milliusa velutina, Terminalia alata and Ficys benghalensis.

Further, a comparison of VI values of select 23 tree species in the case of two PAs
(DNP and KWLS) with two MFs (NKFD and SKFD) allowed several noteworthy
observations. Accordingly, Shorea robusta, Mallotus philippensis, Syzygium cumini
and Ehretia laevis registered much higher values of VI in the case of two PAs than
their corresponding values in two MFs. On the contrary, tree species viz., Acacia
catechy, Dalbergia Sissoo, Terminalia alata, Barringtonia acutangula and Haldina
Cordifolia obtained much higher [Vl values in two MFs than their corresponding
Values in two pAs, This clearly indicates striking distinction in structure and

®mposition of tree species in two PAs and two MFs.

Comparison Of IVI values for select tree species across various constituent areas in
the la“dSCape also allowed several interesting observations. The IVI values in the
"8 of Acacia catechy varied from 0.30 (KWLS) to 40.86 (NKFD), illustrating that
Acaci Catechy was g characterizing tree species in the case of NKFD. This was
°bvious due to the occurrence of greater chunk of Khair and Sissoo forests in NKFD.
orea Obusta was common to all the four constituent areas with IVI values ranging
M20.44 (NKFD) to 96.65 (KWLS). The Kishanpur Sanctuary obtained the highest

v
(:er, being 96 65 which was greater than the value for the overall landscape

fro
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Table 3.10 - Importance Value Ingey (v

of P
Constituent Areas, PAs, MF ) Select Tree Species in Four

S and the Overgj Landscape

S| Seecies NeTh7 WWWWWFT
%’ Acacia catechu 471 | 0.30 [ 40.86 | 533 Né?fgz ?;729: NZ?;;B
[ Bauhinia racemosa 134 | 679 130 | 280 303~ 2.26 2.23
- Barringlonia - S X I R St 3.05
acutangula S
7| Bombax ceiba 3.08 - 8.38 | 182 | 270 | 397 3.18
5 | Bridelia squamosa 118 | 831 [ 452 [ 3371 [543 3.71 2.92
§ | Dalbergia sissoo >24 | 332 73581 | 1001 | 763 18.46 9.85
7| Dryptes roxburghii 1.53 - | 654 016 [ 705 23 1.55
5 Enretia laevis 323 | 650 | 160 | 047 | 479 0.85 2.89
9 | Eucalyptus oitriodora [ 9.05 | 322 | 043 | 276 |55 2.80 5.67
10 | Ficus benghalensis 1.54 - 035 | 877 1.09 6.20 2.95
11| Ficus racemosa 925 | 370 [2301 [ 080 | 760 | 52 7.95
12 | Haldina cordifolia 318 | 033 | 1066 | 092 | 232 | 433 3.06
13| Lagerstroemia 060 | 7.96 | 248 | 594 | 698 | 472 6.10
parviflora

14 | Mallotus philippensis 40.09 | 36.82 | 21.73 34.14 | 38.98 | 2985 35.39
15 | Milliusa velutina 8.81 17.35 249 | 1970 | 11.43 | 1043 11.04
16 | Shorea robusta 88.57 | 96.65 | 20.44 | 78.03 | 90.82 | 5924 | 7916
17 | Syzygium cumini 41.93 | 1913 | 25.38 | 24.26 | 35.02 | 2061 | 3093
18 | Syzygium cerasoides | 0.82 |74 = [ 047 | 102 | 041 0.67
19 [ Tectona grandis 17.93 | 4111 | 1557 | 29.65 | 24.69 | 2488 | 2483
0 | Terminalia 2z 10.71 | 401 | 056 | 14.81 | 883 | 10.04 9.30
2T | Terminaia arjuna 0.05 - 162 | 034 | 804 | 070 0.33
z Trewia nudifiora 821 | 399 | 1525 | 1.70 | 6.89 | 6.29 6.65
|8 | Ziziphus xyiopyra 010 | 022 | 090 | 024 | 044 | 047 | 027

Three tree Species viz., Bauhinia racemosa, Bridelia squamosa and Lagerstroemia
Parvifiorg Obtained the maximum IVI values, being 6.79, 5.31 and 7.96, respectively
N the case of KWLS. These three species thus, characterized forests of KWLS
Wing to the greater proportion therein of Chandar Sal and Sal Mixed forests.
Likewise, based on the maximum values obtained, four tree species viz,
Barri"gtonia acutangula, Ficus benghalensis, Milliusa velutina and Terminalia alata
Ch"g'racteriZed forests of SKFD. The values obtained were 11.51, 8.77, 19.70 and
81, esDectively. Prominence of these four characteristic species in the forests of

o ®aN be attributed to the fact that SKFD harboured greater extent of Tropical
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geasonal Swamp, moderately dense Sal ang open Sal fore

were chief constituents of such forests. The |y values in the case of Ziziphus
xylopyra ranged from 0.10 (DNP) to 0.90 (NKFD). The Species being one of the
important constituents of Moist Mixed Deciduous forests
occurrence in NKFD resulted in its maximum vajye.

sts and these species

and their greater

Two extensively planted exotic tree species viz., Tectona grandis and Eucalyptus
citriodora were widely distributed in all the four constituent areas. The IVI values in
the case of Tectona grandis ranged from 15.57 (NKFD) to 41.11 (KWLS). The
maximum value in the case of KWLS amongst the four constituent areas was
obvious due to greater extent of plantations in the sanctuary area. On the contrary,
the maximum IVI value, being 9.05 of Eucalyptus citriodora was registered in DNP.
The national park had several plantation pockets of this species particularly in
grassy blanks’ or ‘phantas’.

3.2.3.1.3 IVI - Vegetation Types

A comparison of Importance Value Indices of 96 recorded tree species across
different vegetation types is presented in Table 3.11. Noticeable observations made
are discussed below.

Shorea robusta occurred only in five forest types viz., dense Sal, moderately closed
Sal, open Sal, Sal Mixed and Chandar Sal and it was the chief constituent species of
these forests. The IVI values of Sal ranged from 105.95 to 196.34 among the five
forest types. There was a lear-cut decline of VI value while moving from closed
Canopy to Open canopy Sal. Thus, dense Sal registered higher IVI value, being
166.03 While open Sal obtained a much lower value i.e.105.95. Otherwise, among
five forest types of Sal, the maximum value of IVI (196.34) was obtained in the case
of Changgr Sal forests. This highest value can be attributed to the fact that Chandar

Sal foregts had the lowest tree diversity i.e. 29 tree species only and Sal was the

r ;
P edomlnant tree species among them.

% in the case of overall landscape, Mallotus philippensis and Syzygium cumini
'emained the second and third prominent species in atleast five forest types
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dominated by Sal. The maximum IV] vaye of Mallotys

Philippensis, being 60.50 was
puted in the case of dense Sg| forests.

The VI valyes of Syzygium cumin;

Case of Khair and Sissoo forest while
the maximum in Tropical Semi-Evergreen forest

com

Ficus benghalensis was an important Species in the case of open Sal forests while
Ficus racemosa was one of the prominent Species of Tropical Semi-Evergreen and
Moist Mixed Deciduous forests based on their higher corresponding IVI values.
Terminalia alata was one of the important Co-associates of dense Sal, moderately
closed Sal and open Sal forests. However, its lowest IVI value, being 0.42 in the
case of Sal Mixed forest indicated that this Species is being substituted by Ehretia
laevis and Milliusa velutina. Ehretia |aevis obtained the maximum IV value, being
11.38 in the case of Sal Mixed forest. The |V] values of Milliusa velutina ranged from
1.03 to 22.7 among the different vegetation types. The former being in the case of
Tropical Semi-Evergreen forest while the later in the case of open Sal forest.

Bauhinia racemosa, Bridelia Squamosa, Holarrhena pubescens, Terminalia bellirica,
Albizia lebbeck, Kydia calycina, Semecarpus anacardium, Casearia tomentosa
obtained the maximum IVI values in the case of Chandar Sal. It indicates that either
open savannah like conditions in Chandar Sal forests or frost and frequent fires in
such forests have favoured relative occurrence of these species. On the contrary,
Lagerstroemia parviflora and Terminalia alata found less favourable conditions in
Chandar Sa| forests than other forest types dominated by Sal.

Based on the higher IVI values of Catunaregam spinosa, Bauhinia recemosa, Acacia
Catechy, Dalbergia Sissoo, Haldina cordifolia, Catunaregam uliginosa, Randia
totr asperma, Citrys medica, Ziziphus xylopyra and Ficus religiosa it can be inferred

Mat these were characteristic tree species of Upland grasslands.

3, .
2314 Family Importance Value (FIV) Indices

e Family Importance Value (FIV) Indices for TCA based on tree species were
:ompl‘ted and are presented in Table 3.12. Accordingly, the Dipterocarpaceae was
€ Most Important family with the highest FIV, being 68.52. This family included just

Ong tr ;
©8 species i.e. Shorea robusta.
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T8 econd importént fam.ily was E.uphorbiaceae with six tree Species viz., Mallotys
ohill pensis, Trem.//a nud/ﬂo.ra, Br/de//a' Squamosa, Dryptes roxburghii, Emblica
, ficinalls, and Antidesma acidum, Contribution by the first three species was mainly
responsible in bringing this family at the secong rank in its importance. The family
Myrtaceae with FIV, being 29.94 ranked third in the importance. As such this family
included four species. However, Syzygium cuminj and Eucalyptus citriodora were
the prominent species in bringing this family at the third number. In spite the family
Moraceae had the highest number of tree Species i.e. 13, remained fourth in order
based on FIV. Nine species of genus Ficus and Braussonetia papyrifera significantly
contributed to get the higher FIV for the family Moraceae, The family Verbenaceae
with three species viz., Tectona grandis, Premna latifolia and Gmelina arborea got
the fifth rank based on the family importance value, Extensive plantations of Tectona
grandis was the obvious reason for higher value in this case. Despite the family
Mimosaceae had second largest number of tree Species i.e. 7, it stood at the sixth
rank based on the family importance value. This family included three species each
of genera Acacia and Albizia in addition to Pithecellobium dulce. The family
Combretaceae with four species of just one genus i.e. Terminalia stood at eighth
number. Among them, T. alata and T arjuna were two important species contributed
to the higher FIV.

The order of first ten families based on descending family importance values was:
Dipterocarpaceae = Euphorbiaceae = Myrtaceae = Moraceae = Verbenaceae =
Mimosaceag 2 Fabaceae = Combretaceae 2 Rubiaceae = Annonaceae. These
fist 10 families included 52 species out of recorded 96 tree species in TCA and as
Seh they together contributed for more than three fourth diversity, density and
dominance. Nevertheless, the remaining 24 families with 44 species were of also
Jeater Significance in terms of diversity and other wildlife values. Indeed majority
fee SPecies g, 83, had only less than 250 trees each out of total 31,467 trees
e_numerated in the overall TCA (Table 3.12). It indicates that such species are either
h'gh'y localizeq or were in low abundance. It is also possible that several of these

S .

Peies Might have naturally occurred in low number. However, they were of utmost
8¢ . . i s

0l°g'°a| importance and calls for a priority attention and monitoring.
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3.3.4 shrub Diversity

3.34.1 Landscape

Earlier, a diversity of 38 shrub species in TCA just on the basis of presence/absence
noted in 1,967 quadrats laid in different forest as well as grassland types was listed
in Table 3.5. However, shrub quantification carried out in different forest types,
Tamarix Scrub and plantation areas through 1,674 sample revealed 3 diversity of.
only 29 shrub species out of earlier 38 species listed (Table 3.13). Nine shrub
species viz., Flemingia chappar, Desmodium gangeticum, D. motorium, D,
pulchellum, D. triflorium, Calotropis gigantea, Ventilago denticulata, Ichnocarpus
frutescens and Securinega leucopyrus were absent in 1 ,674 sampled plots.

Clerodendrum viscosum was the most widely distributed shrub species in different
forests of TCA as it occurred in as many as 56.9% sampled plots. This was followed
by Flemingia Mmacrophylla and Tiliacora acuminata, with values of percentage
frequency of occurrence, being 32.5 and 32.0, respectively. Ardisia solanacea and
Murraya koenigii occurred in almost one fourth sampled plots. Other common
SPecies were Glycosmis pentaphyila and Helicteres isora with values of 19.1% and
18.6%, réspectively. As many as 18 species out of total 29 recorded shrub species

Obtained ower values of frequency of occurrence i.e. <5%.

The Values of shrub density for 29 species ranged from 0.5 shrubs/ha to 5,713.0
sy ha. The highest value was obtained in the case of Clerodendrum viscosum.
'8 than one third (34.2%) of the total shrubs enumerated were of Clerodendrum

Vis . . .
Cosum, Four shrub species viz., Tiliacora acuminata, Ard:s:lta“solanacea, _

6% > L2
i

90
/? o
4
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e 3.12 - Family Importance valye (FIV) Indices of Tree Species in Terai

Tabl Conservation Area (n= 1,7,48)

me glo. of No. of Basal mmm\
Nt;- pasias Individuals g:?n) Diversity Density Domi::nce rr:lr)nc::')t,ance
/1/ Dipterocarpaceae 1 8079 1093.8 TW 41.80 vah;ea,sz
—, | Euphorbiaceae 6 5970 206.4 6.25 W 7.89 33.11
5 | Myrtaceae 4 4411 307.6 417 14.02 11.76 29.94
"4 | Moraceae 13 863 219 | 185 | 274 | sa 2475
5 | Verbenaceae 3 4189 1916 | 313 13.31 7.32 23.76
6 | Mimosaceae 7 1251 '66.7 7.29 3.98 255 13.81
7 | Fabaceae 5 1422 105.1 T 4.52 4.02 13.74
8 | Combretaceae 4 645 114.0 4.17 2.05 4.36 10.57
9 | Rubiaceae 7 405 442 7.29 1.29 1.69 10.27
10 | Annonaceae 2 1168 30.8 2.08 3.71 1.18 6.97
11 | Flacourtiaceae 4 260 9.3 4.17 0.83 0.36 5.35
12 | Anacardiaceae 4 151 18.3 4.17 0.48 0.70 5.35
13 | Sapindaceae 3 181 26.4 3.13 0.58 1.01 4.71
14 | Lythraceae 2 440 27.3 2.08 1.40 1.04 4.53
15 | Lecythidaceae 2 433 26.6 2.08 1.38 1.02 4.48
16 | Caesalpiniaceae 3 286 8.5 3.13 0.94 0.36 443
17 | Meliaceae 3 43 9.7 3.13 0.14 0.37 3.63
18 | Boraginaceae 2 191 16.9 2.08 0.61 0.65 3.34
19 | Tiliaceae 3 41 2.0 3.13 0.13 0.08 3.33
20 | Rutaceae 2 175 12.7 2.08 0.56 0.48 3.12
Z Bombacaceae 1 173 34.7 1.04 0.55 1.32 2.92
| 22| Apocynaceae 2 157 5.0 2.08 0.50 0.19 2.77
2\3 Sterculiaceae 2 75 4.0 2.08 0.24 0.15 248
| 24 | Ebenaceae 1 119 7.8 1.04 0.38 0.30 1.72
| 25 | Sapotaceae 1 65 7.1 1.04 0.21 0.27 1.52
| 28 | Malvaceae 1 69 6.2 1.04 0.22 0.24 1.50
| 7| Urticaceae 1 86 2.1 1.04 0.27 0.08 1.39
| 8 | Lauraceae 1 46 2.1 1.04 0.15 0.08 1.27
(2 | Dillieniaceag 1 9 3.1 1.04 0.03 0.12 1.19
3\0 Moringaceae 1 8 2.2 1.04 0.03 0.08 1.15
3\1 Rhamnaceae 1 21 0.6 1.04 0.07 0.02 1.13
3\2 Ulmacege 1 15 0.3 1.04 0.05 0.01 1.10
3\3 Burseracege 1 5 05 1.04 0.02 0.02 1.08
34 Celestraceae 1 4 0.1 1.04 0.01 0.00 1.06
Tota| 96 31467 2616.7 | 100.00 | 100.00 100.00 300.00
122




@/ycosmis pentaphylla and Murraya koenigii together contributeq nearly half of the
fotal shrubs enumerated. Unfoﬁunately, these four species ang C.viscosum provide
ardly any browse vaIfJe Eo wild herbivores, Instead preferred shrub species viz.,
elicteres jsora, Grewia hirsuta, G. sapida, Carissa Opaca and Ziziphus mauritiana

sccurred in much lower densities. The overall shrub density for different forests in

TCA computed was 16,698.9 shrubs/ha.

Lantana camara, an exotic woody shrub occurred in 5.7% sampled plots with
density, being 393.1 shrubs/ha.

The abundance values of different shrub species in forests of TCA varied from 4.5 to
100.7. The lowest value was in the case of Sesbania bispinosa while the highest
abundance value was of Clerodendrum serratum, C.viscosum was the second most
abundant species. On the contrary, the third species of Clerodendrum ie. C.
indicum registered second lowest abundance value, being 5.0. Other co-dominant
shrubs species based on the higher abundance values were Ardisia solanacea,
Tiliacora acuminata, Glycosmis pentaphylla, Tamarix dioica, Lantana camara and
Calamus tenuis.

334.2 Constituents Areas

Forest shrub diversity was also assessed in different constituent areas. Only

Characterizing or distinctive observations are highlighted below.

The overall number of shrub species recorded in different forests of DNP, KWLS,
SKFD and NKED were 28, 19, 26 and 23, respectively (Table 3.14). The evergreen

Woody climper Tiliacora acuminata commonly climbing Sal trees and also spreading

"M the groung was the most abundant species in the case of DNP. It occurred in as

many as 57.0% sampled plots laid in the national park area with highest density,
Peing 6.293.4 shrubs/ha and also highest abundance value (120.4). Ardisia
SOIanaCea was the second most abundant species in DNP with abundance value,

being 1037, Clerodendrum viscosum ranked third in order on the basis of its density
d 82.9, respectively. Other

ang
" %undance valyes, being 4848.7 shrubs/ha an —

I .
mportant shrub species in the case of DNP were Glycosmis pentaphylla,
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ccurred just in 1.29
|antana camara o J 2% sampled plots (N=667) with values of density

nd abundance being 10.3 shrubs/ha and 8.6, respectively. Thus, it can be inferred

ihat the distribution and influence of Lantang Camara in DNP was not so alarming as

of other undesirable species viz., Tiliacora acuminata, Clerodendrum viscosum
Ardisia solanacea and Murraya koenigii those have proliferated.

Clerodendrum viscosum was the most dominant Species in two managed forests
(NKFD and SKFD) in terms of percentage frequency of occurrence, density and
gbundance values. Flemingia macrophylla was the second densest shrub in the
case of SKFD while Glycosmis pentaphylla occupied second place in NKFD based
on its density value. Clerodendrum serratum was yet another prominent shrub
species in both the managed forest divisions. Unlike DNP, Lantana camara was
conspicuous in NKFD based on its abundance. It occurred in 30.5% sampled plots
(n=255) in NKFD and having much high density value, being 2,497.3 shrubs/ha. In
contrast, Lantana camara occurred only in 1.1% sampled plots (n=437) in SKFD.
Noticeably, the values of percentage frequency of occurrence of Tiliacora acuminata
greatly reduced in KWLS (10.6%), NKFD (28.6%) and SKFD (10.8%) against a value
0f 57.0% in DNP. Similarly, the density values of Tiliacora acuminata also declined
from as high as 6,859.5 shrubs/ha (DNP) to 842.0 shrubs/ha, 234.1 shrubs/ha, and
121.6 shrubs/ha in NKFD, SKFD, and KWLS, respectively. This probably indicates
that relatively open forest canopy and other habitat factors have not favoured to
Tiacora acuminata in KWLS, SKFD and NKFD (Table 3.14).

Interestingly, the overall shrub density was highest in NKFD, being 21.570.2
*Mbsiha. This was followed by 21,532.8 shrubs/ha in DNP and less than half i.e.
?’017-8 shrubs/ha in SKFD. One of the possible reasons for this low shrub density
" SKFD ¢an be attributed on the account of greater disturbance by livestock grazing,

ire
and even forest working.

33,
3 Forest Types

A .
a"comparison of shrub layer assessment across different forest types ln. TCA als:
- Noteworthy observations. Accordingly, the number of shrub species range




g to
from . i
s while open Sal forest had the highest umber of shrub species. The number

L shrub species increased while moving from dense gy to open Sal forests. The
ormer had just 15 shrubs species whilst open Sg forests had 22 species.

22. The Tropical Semi-Evergreen Forest had the lowest number of shrub

Clerodendrurm viscosum was the densest shrub in five forest types viz., moderately
closed sal, open Sal, Chandar Sal, Moist Mixed Deciduous, Khair and Sissoo and
glso in plantation areas with its corresponding highest density values. Likewise,
Tiiacora acuminata was the densest shrub in dense Sal, Sal Mixed and Tropical

semi-Evergreen forests. Ardisia solanacea with its highest values of density showed
specific affinity with Tropical Seasonal Swamp forest.

Noticeably, Chandar Sal forests were the only forests in landscape wherein Tiliacora
acuminata was absent. Otherwise, it commonly occurred in all other forest types.
Likewise, Lantana camara was almost absent in dense Sal, moderately closed
dense Sal, Sal Mixed, Chandar Sal and Tropical Semi-Evergreen forests. In
contrast, Lantana camara prominently occurred in Khair and Sissoo forests and
sporadically in Moist Mixed Deciduous and Tropical Seasonal Swamp forests.
Helicteres isora widely occurred in majority of forest types, except in Tropical Semi-
Evergreen, and Khair and Sissoo forests wherein it was conspicuously absent.
Relicteres isora was common in Chandar Sal forests wherein it was one of the
Prominent shrubs. The density of Helicteres isora increased considerably from
dense Sal to open Sal forests. Ziziphus mauritiana widely occurred in Khair and
Sissoo ang Tropical Seasonal Swamp forests while only few individuals were
"ecorded in moderately Sal and open Sal forests. This species was completely
Absent in dense Sal, Sal Mixed, Chandar Sal and Tropical Semi-Evergreen forests.

Flemi”Qia macrophylla widely and profusely occurred in all forest types.
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3.13 — Shrub Diversity in Differe

ntF .
Table (n = 1,674) orests of Teraj Conservation Area
] Species Plots of -
sl. f’—" Occurrence ':: i_’gcentage No. of | Density | Abundance
No. quency | Shrubs | Shrubs/
) ha
\
—1 | Clerodendrum viscosum 254 569 | 95636 | 57130 | 1903
— | Tiliacora acuminata 536 [ 320 47929 | 2863 7 592
—3 | Ardisia solanacea 428 25.6 42209 | 2521.4 98.6
4| Glycosmis pentaphylla 320 191 27621 | 16500 86.3
5 | Murraya koenigii 410 24.5 16176 | 966.3 39.5
6 | Flemingia macrophylla 544 325 11310 | 675.6 20.8
- [7 [Lantana camara 9 5.7 6581 | 393.1 68.6
- | 8 | Clerodendrum serratum 65 3.9 6543 390.9 100.7
" [79 | Helicteres isora 311 18.6 6341 | 3788 204
" [0 [ Tamarix dioica 60 36 3729 | 222.8 62.2
| 11 | Colebrookea oppositifolia 114 6.8 3311 197.8 29.0
‘ 12 | Securinega virosa 60 3.6 2086 124.6 34.8
13 | Ziziphus mauritiana 133 7.9 1737 103.8 13.1
14 | Callicarpa macrophylla 119 71 1491 89.1 12.5
15 | Calamus tenuis 24 14 1390 83.0 57.9
16 | Triumfetta pilosa 56 3.3 1172 70.0 20.9
17| Grewia hirsuta 61 3.6 874 52.2 14.3
18 GreW/'a Saplda 82 4.9 786 47.0 9.6
19| Carrisa opaca 46 27 678 40.5 14.7
| X | Erythrina resupinata 29 17 563 | 33.6 19.4
2\1 Phoenix aculis 71 4.2 461 275 6.5
| 2 | Thespesia lampas 23 14 417 | 249 18.1
2 .
\3 Asparagus adscendens 79 4.7 258 15.4 3.3
| % | Leea asiation 11 0.7 85 5] rr
25 . .
e Sesbania seshan 2 0.1 76 4.5 36850
; 2.3 .
~— Calotr OpIs procera 6 0.4 9
27 Cle 1 21 1.3 10.5
~~_"®rodendrum indicum 2 0.
8 Cass;j . 1 10 0.6 5.0
~|_5Sia occidentalis 2 0.
~_>%Sbania bispinosa 2 0.
279539 | 16698.9
Total
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Percentage Frequency of Qccy

3.14-
Table Select Shrub Species in Forest

rrence, Density and Abundance
of
s of Four Constituent Areas

m Item/Species . DNP | KWLS o —
n=66 = .
1/ Number of Shrub Species 28 : - 1?;15 n-22255 n=2‘:337
—, | Overall Shrub Density 21532.8 | 13968.9 | 215702 9250.6
/A/ Percentage Frequency of Occurrence
" 71| Clerodendrum viscosum 58.5 67.3 45.9 53.5
. [ | Flemingia macrophylia 26.7 422 15.3 44.4
I ’}," Ardisia solanacea 48.4 18.4 27 9.2
4 Glycosmis pentaphylla 25.3 8.3 34.1 8.9
"[T5 | Tilacora acuminata 57.0 114 28.6 10.8
6 | Lantana camara 1.2 1.0 31.0 1.4
7 | Clerodendrum serratum 1.2 - 15.7 3.9
8 Colebrookea oppositifolia 13.6 1.9 6.3 0.2
B Density — Shrubs/ha
1 Clerodendrum viscosum 4848.7 7727.0 6524.3 5118.8
2 Flemingia macrophylla 399.0 891.7 578.4 1008.5
3 Ardisia solanacea 5020.8 1140.6 203.5 578.9
|4 | Glycosmis pentaphylla 1642.3 534.6 5369.4 314.4
5 | Tiliacora acuminata 6859.5 121.6 842.0 234.1
6 | Lantana camara 10.3 6.7 2497.3 28.1
7\ Clerodendrum serratum 12.6 - 1898.4 370.3
|8 | Colebrookea oppositifolia 438.7 55.9 85.1 0.7
_C | Abundance
1\ Clerodendrum viscosum 82.9 114.8 142.2 95.6
2| Flemingia macrophylia 14.9 21.1 37.8 227
|3 | Andisia solanacea 103.7 120.3 74.1 63.3
4\ Glycosmis pentaphylla 64.8 64.8 157.4 35.2
2| Tilacora acuminata 1204 | 106 29.4 21.8
6\ Lantana camara 8.6 7.0 80.6 20.5
;\ Clerodendrum serratum 10.5 - 121.0 9.2
~—_| Colebrookes oppositifolia 322 29.3 139 &=
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335 Herb Diversity

s n the case of shrubs, a diversity of 89 herb species was earlier listed in different

orests and grasslands of TCA (Table 3.5). However, herb layer assessment carried

out just in different forest types allowed severa| noteworthy observations. These
observations for the landscape, four constituent areas and each forest type are
Jescribed below:

3351 Landscape

In all, 27 herb species were recorded in 1,674 plots sampled in different forest types
of TCA (Table 3.15). It is apprehended that this low herb diversity could be for the
fact that majority of herbs were short lived and seasonal in nature. They prominently
occured in the rainy season. It is possible that due to delayed sampling in later
months, a large number of herb species could not be captured despite extensive
sampling.  Nevertheless, some important findings have emerged. Dioscorea
belophylla was the most prominent herbs pecies based on its highest value of
frequency of occurrence, being 13.3%. This was followed by Sonchus asper,
Dioscorea hispida and Ageratum conyzoides with 11.8%, 9.3% and 9.2% values of

frequency of occurrence, respectively.

Swertia angustifolia occurred in 7.0% sampled plots while Cassia tora was recorded
in just 5.8% plots. Two species each of genera Sonchus, Dioscorea and Leucas
Were recorded. Sixteen species out of 27 recorded herbs species had much limited

distribution i having values <2.5% frequency of occurrence.

Cassia torg was the densesf herb. This was followed by Ageratum conyzoides.

Both had little or no value to wildlife instead they were more as weeds. Cassia tora
"85 the most dominant species based on its highest abundance value. Corchorus
*Sluans was the second most abundant herb. Curcuma amada, Ageratum

"oy 20ides and Typha elephantina weré other prominent herbs based on their

igh
Qnher Values of abundance.
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able 3.15 — Herbs in Different Forests of Teraj Conservation Area (n=1 674)

T
— species Plots of )
SIT P Occurrence * Frequancy ?Ne;,t;s g\‘:’:zistyha) Abundance
— | cassiafora . 94 5.6 14697 | 877957 156.4
—5 | Ageratum conyzoides 148 8.8 8751 | 52276.0 =
[ Sonchus asper 191 114 7249 | 433035 S8
|~ Dioscorea belophylla 215 128 | 5795 | 346177 ~r
—5 | Corchorus aestuans 44 26 2974 | 297133 113; >
T Discrorea hispida 150 9.0 3313 19790.9 22'1
— | Swertia angustifolia 113 6.8 3286 | 19629.6 55
5 | Curcuma amada 27 1.6 2465 | 147252 91.3
g | Commelina attenuata 50 3.0 1893 11308.2 37.9
10 | Piper longum 42 2.5 1212 | 72401 28.9
11 | Typha elephantina 9 0.5 479 2861.4 53.2
™12 | Solanum nigrum 14 0.8 249 1487.5 17.8
13 | Chenopodium album 26 1.6 221 1320.2 85
14 | Croton bonplandianus 10 0.6 197 1176.8 19.7
15 | Oxalis corniculata 14 0.8 249 1075.3 17.8
16 | Amaranthus viridis 10 0.6 176 1051.4 17.6
17 | Solanum suranttense 12 0.7 148 884.1 123
18 | Leucas cephalotes 10 0.6 147 878.1 14.7
19 | Amaranthus spinosus 6 0.4 145 866.2 24.2
20 | Polygonum-hydropiper 5 0.3 135 806.5 27.0
21 | Cannabis sativa 4 0.2 103 615.3 25.8
22 | Ipomoea pes-tigridis 4 0.2 41 244.9 10.3
23 | Leucus mollissima 5 0.3 35 209.1 7.0
24 | Coccina grandis 3 0.2 14 83.6 4.7
| 25 | Blumea mollis 1 0.1 10 59.7 10.0
i Eclipta prostrata 1 0.1 6 35.8 6.0
2\7 Rungia pectinata 2 0.1 6 35.8 3.0
g Total 55927 | 334092.0

3352  Constituents Areas

A “Omparison of herb diversity among the four constituent areas was also made

Table 3.16). In general, it was inferred that the two managed forests had relatively

gher Values of frequency of occurrence for the herbaceous flora than the two
D'roteCted areas. Likewise, the density values of different herb species were much
highey in the case of MFs than PAs indicating that herbs were widely distributed and
*undant N MFs than PAs.
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ot Foes e Sy s EnSly nd Aundan o
o ltem/Species nn_\r‘;lep7 KWLS T NKFD | SKrD
%’Nﬂ'merb Species oE "'13;,15 "=12755 n=14737
> Overall Herb Density 1779010 | 1345713 | 9567176 | 57715468
T percentage Frequency of Occurrence
—7 | Cassia tora 4.5 - 15.3 -
— | Ageratum conyzoides 10.6 3.8 12.2 8.0
—3 | Sonchus asper 10.5 7.6 10.2 -
4| Dioscorea belophylia 84 |11 | 125 | 214
5 | Swertia angustifolia 3.4 8.3 8.2 10.1
6 | Curcuma amada 3.6 " 1.2 _
B | Density — Herbs/ha
1 | Cassia tora 12353,8 - 461098.0 -
2 | Ageratum conyzoides 46656.7 | 6095.2 | 121725.5| 53615.6
3 | Sonchus asper 26956.5 | 27682.5 | 60705.9 -
4 | Dioscorea belophylla 18725.6 | 29764.9 | 27490.2 66407.3
9 | Swertia angustifolia 6776.6 | 28761.9 | 33921.6 | 24324.9
6 | Curcuma amada 29340.3 - 19921.6 -
C | Abundance
| 1| Cassia tora 275 - 3015 84.6
2 | Ageratum conyzoides 43.8 16.0 100.1 66.9
(3 Sonchus asper 25.7 36.3 59.5 -
I Dioscorea belophyila 22.3 26.9 21.9 -
i Swertia angustifolia 19.7 34.8 412 315
L Curcuma amada 81.5 - 169.2 =

Th

high

3353

Forest Types

N
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nue NUmber of herb species in different forest types ranged from 7 to 18. The-lowest
mber of species recorded were in Tropical Semi-Evergreen forest while the

st Umber of herb species was in open Sal and Moist Mixed Deciduous forests.

eratyp, Conyzoides obtained the highest density values in dense Sal and Mois

e




i forests. .
Mixed Deciduous Curcuma amada, Dioscoreg hispida, Dioscorea

beIOPhy”a’ Desmodium triflorum and Sonchys asper were the prominent herbs
gpecies in moderately dense Sal, open Sal, Chandar Sal, Tropical Seasonal Swamp

and Moist Mixed Deciduous forests whilst Cassia tora charaterized Khair and Sissoo

forests due to its highest density value.

3.3.6 Diversity Indices

| values of Margalef Index (R) for species richness and Shannon’s Index (H) for
. giversity and evenness computed for trees, shrubs and herbs in TCA and constituent
| greas are presented in Table 3.17. A comparison for two PAs and MFs is also

presented. The analysis excludes shrubs and herb diversity in Lowland grasslands.

The values of tree species richness based on the Margalef Index ranged from 6.9
(SKFD) to 9.3 (PAs). The DNP with the highest R-value, being 8.9 revealed the
greatest species richness among the four constituent areas, followed by other PA i.e.
KWLS. Two managed forest divisions (NKFD and SKFD) as well as two MFs
combined had lower values of R than two PAs. Lower values of tree species
richness in two MFs were obvious owing to the inadequate representation of the
complete array of forest/vegetation types in them. In contrast, two MFs were more

even in terms of distribution of species abundance.

The SKFD was the richest in shrub diversity based on the highest R-value amongst
the four constituent areas, being 2.36 while KWLS was the poorest in shrub
fichness. Two PAs were richer in shrub diversity than two MFs. The KWLS was
least even in terms of distribution of shrub species abundance. As in the case of
Wees, two MFs combined were more even in shrub species abundance than PAs.

The DNp was the richest in herb diversity amongst the four constituent areas based
™ the highest R-value, being 2.55. This was followed by KWLS. The NKFD and
D Were relatively poorer in herb diversity. Thus, PAs were richer in herb

~d|Versity than MFs as well as more even in the distribution of species abundance.
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57 Tree Regeneration
3.9:

ata O girth size for 31.467 trees enumerated in TCA through extensive sampling in

ihe four constituent areas allowed an understanding of the girth class distribution in

standard classes of 30 cm interval. Data analysis revealed near normal girth class

gistribution for trees in TCA, PAs and MFs indicating occurrence of young, middle-
aged, and matured trees (Fig. 3.2). However, similar analysis on select trees
species of management and conservation concern (e.g. timber, Non -Timber Forest
produces, and fruit bearing species) allowed interesting inferences about the
regeneration and recruitment status on one hand while able to forecast the future on
the other hand.

Table 3.17 - Diversity Indices for Trees, Shrubs, and Herbs in Terai Conservation
Area

Constituent Areas

Diversity Indices DNP |KWLS |NKFD | SKFD | PAs | MFs | TCA

A. Trees

Margalef Index (R) for 8.9 7.1 7.6 6.9 9.3 7.5 9.2
Species Richness

Shannon’s Index (H’) for 2.4 2.3 2.8 25 | 24 | 28 | 27

___Diversity

B. Shrubs
Margalef Index (R) for 2.3 1.7 2.0 24 | 23 | 23 | 22
Species Richness

Shannon's Index (H’) for 1.8 1.6 2.0 1.8 19 | 21 | 21
Diversity

\
C. Herbs

Marggleflndex (R) for 2.6 1.9 1.6 17 | 27 | 20 | 24
Species Richness

2.7
versity

3. .
3.7.1 Timber Species

Shoreg robusta), Terminalia alata, Dalbergia sisso0, and Haldina <.:o‘rd(|jfo||a are
" Prominent timper species of TCA. Tectona gr andis and Eucalyptus c:tr/of; ot
| .

"oduceq species to TCA are also in great demand as the former is one of the

Sal (
ra, two
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S e AAET

odm ost expensive timber species while the |ater Is being used by the Paper and

) industry as well as small timber ang firewood by local people. Terminalia

pul -
, ium cumini, Albizi -
pelirice lSyzyg/um Jizia sp., etc. are also being used as small timber

SpecieS-

gal (Shorea robusta) being the most prominent species in TCA in terms of its wide
spread occurrence, density, abundance, timber value, and long management history
while examined yielded near normal girth class distribution in PAs as well as MFs
(Fig- 3.3). However, a close scrutiny revealed that DNP area lacked young trees
(between 31 and 90 cm girth) while middle-aged, and matured and larger trees
existed in adequate proportion. The inadequate representation of young trees in
DNP indicated poor regeneration and/or establishment in at least past 2-3 decades.
It can be postulated that the dense Sal conditions or current management practices
in DNP are probably not conducive to the regeneration and establishment of Sal. In
contrast, three other constituent areas (KWLS, NKFD and SKFD) proportionately
showed higher representation- of young trees. Interestingly, small and scattered
forest patches of NKFD those are adjacent to DNP proportionately had the highest
percentage of young Sal trees. Almost 70% enumerated Sal trees in NKFD were in
the first three girth classes i.e. upto 120 cm. Apparently, forest fragments of NKFD
experience much more biotic pressure due to their proximity to villages and thus, are
greatly disturbed in comparison to Sal forests in DNP. The KWLS and two MFs were
Conspicuous in poor representation of girth classes >150 cm. The percentage
Values of Sal trees above 210 cm girth in the four constituent areas ranged from
2.5% (NKFD) to 9.0% (DNP). The greater representation of trees in the higher girth
Classes in DNP amply indicates that the active protection in past 3 decades and
SMultaneous discontinuation of forest working has allowed middie age trees to

further grow on one hand while regeneration and establishment have been badly
fffecteq, |
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_ @Girth Class Distribution of Trees

Fig-3-2 Protected Areas (PAs) and Managed orest yonServation Area,

Forests (MFs)
Terai Conservation Area (n =31,467)
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I contrast tg the native Sal, exotic teak (Tectona grandis) which was extensively
Panted throughout the TCA in 1960s and 1970s exhibited majority (~95%) of young
" Middle age trees in all the constituent areas. Higher girth classes were almost

ab
Sent or Poorly represented (Fig 3.3).
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one of the co-assomatef of Sal ie. Terminalig alata depicted relatively low
population of young trees in DNP and SKFD. This sityation can be argued on the

asis of two potential reasons. Firstly, the dense Sg with closed canopy, thick litter

and abundance of shrubs might be inhibiting adequate regeneration and

estab|i3hment in the case of DNP despite ample protection from biotic disturbance.
secondly; N SKFD the annual ground fires and other biotic pressure might be
resulting into poor regeneration and establishment. In contrast, the KWLS possessed
proportionate percentage of young trees. Otherwise, the DNP as well as SKED
harboured relatively a greater proportion of middle aged and matured trees of
Terminalia alata (Fig. 3.4).

palbergia sissoo, yet an another important timber species showed adequate
regeneration and establishment. In DNP, more than 60% trees recorded were young
while only a small number of trees were middle aged and adult. The greater
proportion of young trees could be due to the extensive plantation of this species in
1970s. In contrast to DNP, KWLS and two managed forests lacked desired
regeneration and establishment of D. sissoo (Fig. 3.5).

33.7.2 NTFP Species

Acacia catechu, Terminalia bellirica, Diospyros melanoxylon, Bombax ceiba,
Madhuca longifolia, Aegle marmelos, Syzygium cumini, and Phyllanthus emblica are
Some of the important non-timber tree species widely used by local people for
Various purposes as well as a few of them have some industrial use also. Despite
oW occurrence of these species in sampled plots, a detailed assessment on the girth
distribution undertaken in the case of Diospyros melanoxylon showed high
Ploportion of young trees due to its coppice growth. However, all the four constituent

1eas lacked the middle aged and adult trees of D. melanoxylon.

The DNp distinctly exhibited inadequate regeneration and establishment of Acacia
Catechy, on one hand while the complete absence of adult trees (Fig. 3.5). Th‘e
ormer can be due to the occurrence of dense grass and its SEVere fire effect. This

s Probably not the case when local people weré allowed to harvest thatch and

° ' ' to
er grass in large quantities. The absence of adult and old trees might be due
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Fig-

4 — Girth Class Distribution of Terming

li -
Four Constituent Areas of TGA 1a alata and Tectona grandis in

Terminalia alata
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5 . Girth Class Distribution of Dajpe
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their systematic removal in the past during logging o
managed forests (SKFD and NKFD) showeq adequa
(~95%) of trees in the young stage. Only less than 59,

perations. |n contrast, two
te establishment and bulk

trees recorded were either
iddle aged or adult

Aegle marmelos and Terminalia bellirica showed moderate regeneration, recruitment
45 well as adult trees attaining girth upto 150 cm. A small number of Aegle marmelos

rees in NKFD were larger than 150 cm girth. Likewise, DNP and SKFD harboured
some bigger trees of Terminalia bellirica i.e. with >180 cm girth.

33.7.3 Fruit Bearing Tree Species

Several wild animals eat fruits of Ficus sp., Syzygium cumini, Schelichera oleosa,
Trewia nudiflora, Aegle marmelos, Diospyros melanoxylon, Ziziphus sp., and
Madhuca longifolia.

Syzygium cumini was probably only species in TCA which depicted a near normal
distribution of girth in all the four constituent areas (Fig. 3.6). Regeneration was
profuse in each constituent area. Ample middle aged as well as larger trees with
gith >150 cm occurred.

Trewia nudiflora, a highly selected species for fruits by ungulates and rhinos showed
90od regeneration, recruitment, young, middle aged and adult trees in DNP and
NKFD (Fig.3.6). Recruitment and young classes of T. nudiflora were inadequately
"®Presented in the case of KWLS. On the contrary, larger girth trees were present.
Ths, it is evident that the present conditions for the regeneration and establishment
% T. Nudiflora in KWLS are probably not conducive and therefore, calls for the
Management attention in this direction. Interestingly, the middle aged and adult trees

orT. Nudiflora were completely absent in SKFD. All recorded trees were of young
age,
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' . Girth Class Distribution of Syzygqi, P .
Fig. .6 Four Constituent Areas of T¢ X’g M cumini and Trewia nudifiora in

Syzygium cumini
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338 Grassland Diversity

5.3.8.1 Grassland Classification

pata On shrubs, herbs, grasses, sedges, and ferns collected in 293 plots
(1om X 10m) sampled in select 12 relatively drier, Uplang grassland patches and 12
moistiwet, Lowland grassland patches in TCA used for TWINSPAN analysis resulted
into the following nine grassland species assemblages (Fig. 3.7).

These
gssemblages include only indicator species and strongly preferential species. |

The first division of samples separated the outlying Typha elephantina assemblage
from the others at Eigen value 0.812. The species found in it were exclusive to this
assemblage. The second split divided /mperata cylindrica as major component to
one group and samples with Saccharum narenga, Apluda mutica, Sclerostachya
fusca and Themeda arundinacea as major components to another group. In fact,
these two groups broadly classified the grasslands of TCA into the Upland
grasslands dominated by short grasses (upto 2m), particularly /mperata cylindrica
and the Lowland grasslands characterized by tall (6m) grasses viz., Sclerostachya
fusca, Saccharum narenga and Themeda arundinacea.

The Upland grasslands had the next split at the Eigen value 0.595 and divided into
Vetiveria zizanoides as a major component to one group and Imperata cylindrica
and Desmostchya bipinnata as major components to another group. The later
group further divided and formed two assemblages. Thus, the Upland grasslands
had altogether three assemblages viz., (i) Vetiveria zizanoides — Saccharum
Spontaneum (VZSS); (i) Cymbopogon jwarancusa — Saccharum bengalense
(CJSB); ang (iii) Imperata cylindrica — Desmostachya bipinnata — Saccharum

SPontaneum (ICDBSS) types.

The Lowlang grasslands had the first split at the Eigen value 0.486, dividing into tv.vo
droups, emeda arundinacea as a major
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_ A Dendogram Showing the Plant Assembla

Fig- 3.7 Grasslands in TCA using TWINSPAN Anah,giess Identified from
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! Plant AS se bl
! - mblages
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LV - Typha elephantina

Cigg ) Vetiveria zizanioides — Saccharum spon:)aneu:;v .

) Cymbopogon jwarancusa — Saccharum bengale

ITSAI?SBSS ) /n{peraz{; gylinjdrica — Desmostachya bipinnata — SaccharuT spontaneum

SSSAAM N Themeda arundinacea — Saccharum narenga = Apluda mu lcgca

SNSNAM ) Saccharum spontaneum — Saccharum narenga — Apluda muﬁca

SFSS::: ) Saccharum narenga — Saccharum spontaneurm = ﬁgfzg: Zgﬁca

m —
PkAD i Sclerostachya fusca — Saccharum spontaneu

i Pharagmites karka — Arundo donax
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0 assemblages viz., (i) Themeda arundinaceg —

it (TASNAM); and (ii) Saccharum spontaneym — Saccharum narenga — Apluda
ica (SSSNAM) types. The second group had neyt Split at the Eigen value 0.434
nd dii ded into two sub-groups. The first sub-group having Saccharum
nd Apluda mutica as major components.

Pharagmites karka as a major component. The fi

Saccharum harenga - Apluda

narenga
The second sub-group having
rst sub-group had the last split at

e Eigen value 0.400 and resulted into two assemblages viz., (i) Saccharum

narenga — Saccharum spontaneum - Apluda mutica (SNSSAM); and (i)
Sclerostachya fusca — Saccharum spontaneum — Apluda mutica (SFSSAM) types.
The second sub-group was a distinct assemblage and named as Phragmites karka —
Arundo donax (PKAD) type.

In the above manner, the dendrogram distinctly exhibited that the deciphered nine
grass assemblages formed three separate groups.  The first group was
characterized by only one assemblage of Typha elephantina. The second group
was deciphered as the Upland grassland having three grass assemblages whilst the
third group of the Lowland grassland having five grass assemblages. Occurrence of
these nine assemblages in the TCA indicated a high grassland diversity, from early
successional Phragmites karka — Arundo donax, Saccharum spontaneum -
Saccharum narenga — Apluda mutica assemblages to tall grassland Themeda
arundinacea — Saccharum narenga — Apluda mutica assemblage on old river
terraces with developed soils on one hand whilst short grasslands dominated by

Imperata cylindrica, Cymbopogon jwarancusa, and Vetiveria zizanoides and their

asSociate species on the other hand.

The above nine grass assemblages actually represented the Phragmites -
Saccharum — Imperata, one of the four major grass cover types as described by
Pabadghao ang Shankarnarayan (1973). They have identified 19 principal grass
SPecies, each forming a community those represented this major grass cover
throughollt its area of distribution i.e. the Gangetic Plains, the Brahamputra Valley
ok ®Xtened westwards into the plains of the Punjab. However, their classification

dogsg ot acounted for the diversity of plant species assemblages in the Terai

Yasslangs those have been identified by Lehmkuhl (1994), Peet et al. (1997), and

8o |
Oin the Present study.
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Lehmk“hl (1994) gave a more complex Classification of
pecies assemblages in the Royal Chitwan NP, Nepal ba
2300 ha of the park. This study identifi

grasslands and forest

sed on 188 plots from

. ed ten grassland associations, with six
ohases: and three forest associations through cluster analysis of samples with

TWINSPAN. While Peet et al. (1997) sampled altogether 20 plots randomly located
in grasslands, fifty in each of the selected four protecteg areas viz., Royal Chitwan
National Park, Royal Suklaphanta Wildiife Reserve, Royal Bardia National Park, and

Koshi Tappu Wildlife Reserve. They identified nine grassland assemblages with
sight phases as a result of the TWINSPAN analysis,

A number of similarities exist between the two earlier classifications (Lehmkuhl,
1994; Peet et al, 1997) and the one presented in this study (Table 3.18).
Accordingly, Sclerostachya fusca, Vetivaria zizanoides, Cymbopogon jwarancusa
dominated assemblages lacked in the classification by Peet et al. (1997) despite
they covered four protected areas in Nepalese Terai. Otherwise, rest of the
assemblages in present study closely corresponded to various assemblages and
phases described by them. However, the restricted area covered by Lehmkuhl's
sampling resulted in the classification lacking Imperata cylindrica, Typha
elephantina, Vetiveria zizanoides, Cymbopogon jwarancusa, and Sclerostachya
fusca  dominated assemblages or phases.  The grassland assmeblages
characterized by Imperata cylindrica and Saccharum spontaneum are extensively
used by a number of endangered species viz., swamp deer, hispid hare, and Bengal
florican ang are, thus of particular importance for the conservation (Schaaf, 1978;
Inskipp ang Inskipp, 1983: Peet et al,, 1997). Likewise, dense grasslands dominated
" P haragmites karka, Arundo donax, Saccharum spontaneum are of greater

signj : -
dnificance for the conservation of rhinos.
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present Study — TCA

Peet et al. (1 997) - Four PAs

hantina assemblage

Typha elephantina assemblage

e .
Typ’:;::m:ntlx waterlogged sites
1 pzveria zizanoides — Saccharum
- ntaneum assemblage
" and grasslands well developed

.Upl

Not identified

Y

Lehmkuhl (1994) - Chitwan NP

Not identified, outside Lehmkuhl's
study area

Not identified and found

soils, heavily qrazed
cymbopogon jwarancusa —
Saccharum bengalense
emblage '
?lj;land grassland, dry sites,

frequently burned, least grazing

Imperata cylindrica — Narenga
porphyrocoma assemblage,
Saccharum spontaneum —

Saccharum bengalense phase
-Edges of wet sites, newer terraces

Narenga porphyrocoma* —
Saccharum bengalense association

-New river terraces influenced by fire
and grazing

|mperate cylindric':a.—
pesmostachya bipinnata —
Saccharum spontaneum

semblage .
?Spland grasslands, dry sites, well

developed soils

Imperate cylindrica assemblage,
Imperata cylindrica phase, Imperata
— Saccharum phase

-Dry sites, well developed soils,
previously cultivated

Not identified, found outside
Lehmkuhl's study area

Themeda arundinacea —
Saccharum narenga — Apluda
mutica assemblage
-Tall, dense grassland, often at
forest edge, well developed soils
influenced by fire

Themeda arundinacea assemblage
-Tall, dense grassland, often at
forest edge, well developed soils,
influenced by fire

Themeda arundinacea — Narenga
porphyrocoma association

-Tall, dense grassland, fire
maintained savanna, on fairly drained
soils

Not identified

Not identified

Themeda arundinacea — Imperata
cylindrica association

-Sal forest meadows and Sal —
grassland ecotone

Saccharum spontaneum —

S. narenga — Apluda mutica
assemblage

-Floodplain grassland, alluvial soils,
often inundated

Saccharum spontaneum
assemblage, mixed S. spontaneum
phase, S. spontaneum phase, S.
spontaneum — Dalbergia sissoo
phase

-Floodplain grassland, alluvial soils,
often inundated

Saccharum spontaneum —
Saccharum spontaneum association,
Imperata cylindrica phase,
Saccharum spontaneum phase
-Floodplain grassland, alluvial soils

Saccharum narenga - S.
Spontaneum — Apluda mutica
assemblage

-Tall, dense grasslands, old river
gerraces and wetter soils,
influenced by fire

Narenga porphyrocoma
assemblage

-Tall, dense grasslands, old river
terrances and wetter soils,
influenced by fire

Narenga porphyrocoma —

N. porphyrocoma association
-Wet, well developed soils,
influenced by fire and grazing

Sclerostachya fusca — Saccharum
SPontaneum — Apluda mutica

-Seasonally inundated, tall dense
rasslang

Not identified

Not identified

hragmites karka — Arundo donax -

Phragmites karka — Saccharum

Not identified, outside Lehmkuhl's

?'F:leblage spontaneum assemblage study area
and | dense grassland, seasonal -Seasonally inundated, heavily
omanent marsh grazed

Ot identifieq

Phragmites karka — Saqcharum
spontaneum — S. arundinaceum

assemblage :
-Tall, dense grassland, seasona

and permanent marsh

Saccharum spontaneum —
Phragmites karka association

-Marshland

3
Sac
Charum harenga is the new

nomenclature for Narenga porphyrocoma.
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3.8.2 species Composition
3.9:%

Atogether: 149 plant species representing 11 trees, 13 shrub, 89 herb 25 grass
6 sedge; and 5 fern species were recorded in grasslands of TCA through sampling in
293 plots (Table 3.19). Majority of these species occurred in low abundance and

oW frequency. Thus, only 13 species or 9.4% of the recorded species obtained

values Of percentage frequency <10%. This included four herbs viz., Oldenlandia

corymb0sa, Eclipta prostrata, Blumea mollis, and Arisaema tortuosum; eight grass
species, namely Saccharum spontaneum, Saccharum harenga, Imperata cylindrica,
Apluda mutica, Sclerostachya fusca, Themeda arundinacea, Vetiveria zZizanoides,
and Desmostachya bipinnata; and the only sedge — Fimbristylis dichotoma. Eleven
tree species were recorded in the Upland grasslands of TCA. Prominent among
them were: Bombax ceiba, Bauhinia racemosa, Acacia catechu, Dalbergia sissoo,
and Butea monosperma. Tectona grandis, an exotic was extensively planted in
‘grassy blanks'. Other species were Catunaregam uliginosa, Haldina cordifolia,
Ficus religiosa, Citrus medica and Randia tetrasperma. These trees were widely
scattered in the Upland grasslands, as their values of percentage frequenéy were
less than 10%.

Thirteen (13) shrub species were recorded in different grasslands against a forest
shrub richness of 29 species. Only three shrubs viz., Helicteres isora, Ziziphus
mauritiana, and Leea asiatica were common between different forests and
grasslands while other 10 shrub species exclusively occurred in grasslands. This
included four species of genera Desmodium (D. motorium, D. triflorum, D.
Pulchellum, and D. gangeticum), Flemingia chappar, Ventilago denticulata,
hnocarpus frutescens, Tamarix dioica, Securinega macrophylla, and Calotropis
9igantea. Helicteres isora occurred in just 4.78% sampled plots (n = 293).

OtherWiSe, all other shrub species occurred in low frequency and abundance.

Sighty-nine (89) herb species were recorded in grasslands of TCA. The herb

"Pecies richness in grasslands was almost three times higher than that of forests

(27 SPecies)
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19 — Percentage Frequency of Occu

Table 3. Sedges, and Fems in Grasslancllr;egfc'? ((;)I\ Trees, Shrubs, Herbs,
‘ W e il mwntage Frequenc
| A/ ]Iefiin_ = '.134) Quency
. |1 |Bombax ceiba i3
| /Z’WE racemosa ——
| L [Acacia catechu -
—7 |Dalbergia s1s$00 75
—F  |Butea monosperma T
—6 | Tectona grandis 57
—7 _|Catunaregam uliginosa 15
—g _ |Haldina cordifolia e
—9__ |Ficus religiosa 5
—0 | Citrus medica Wi
11 |Randia tetrasperma 07
— B. [Shrubs (n=293)
— 1 Helicteres isora 278
2 Desmodium motorium 505
3 |Desmodium triflorum 137
4  |Ventilago denticulata 1.37
5 Desmodium pulchellum 1.37
6 |lchnocarpus frutescens 1.37
7 Desmodium gangeticum 0.68
8 Calotropis gigantea 0.68
9 Flemingia chappar 0.68
10  |Tamarix dioica 0.68
11 |Ziziphus mauritiana 0.68
12 |Secrunega macrophylla 0.68
13 |Leea asiatica 0.68
| C.  [Herbs (n=293)
1 |Oldenlandia corymbosa 17.06
2 |Eclipta prostrata 12.29
3 |Blumea mollis 10.92
4 |Arisaema tortuosum 10.92
5\ Polygonum plebeium ggg
6\ Sphaeranthus indicus 8.87
;\ Gloriosa supreba 8: 19
9\ Leucas mollissima =51
—— Parthenjum hysterphorus =53
wmal_ephanﬁna =17
TMe mexicana 6.83
T"""’Lﬁlﬂhus spinosus 6.14
—{roccinia grandis 5.80
e —mosa pudica 546
o tora 5.12
[ fr—fronohus asper 5.12
~~—llromea pes-tigridis Contd...
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able 3.19 contd...
W __ Species
> [pmaranthus viridis [ Percentage Frequamco—
1( Mglos pareira \ﬂ
2( M‘@ auriculata \\7.78
2{ Swertia angustifolia \ 4:78
{ fﬂ’lh_oLbLa hypericifolia 478
2( Polygonum hydropiper 478
24 |Polygonum barbatum 4.44
f Vicia hirsuta 4.10
/25, Olax nana 4.10
57 |Leucas cephalotes 4.10
E Cleome gynandr§ 3.41
El Croton bonplandianus 3.41
30 |Cynoglossum zeylanicum 3.41
31 |Crotalaria albida 3.41
32 |Blumea lacera 3.41
33 |Curculigo orchiodis 3.41
34 |Evolvulus alsinoides 2.73
35 |Curcuma amada AAS
36 |Curcuma angustifolia 2.1
37 |Lysimachia candida 205
38 |Rungia pectinata 205
39 |Arnebia hispidissima 205
40  (Biophytum sensitivum 205
41 |Eulophia flava =
42 |Evolvulus nummularius =
|43 |Borreria pusilla s
44 |Melilotus alba e
45 |Polygala arvensis L
|46 |Withania somnifera =
:+ Dioscorea belophyila 1 2;
—— Commelina attenuata 1.37
Tga}’raﬁa trifolia 137
? Sauvolﬁa serpentina 1.37
55— olanum nigrum 137
5 EO/anl{m Surattense 1:37
R terenia articularis 1.37
~—__|Cannabijs saf; .
5{ T Sa.t/va 1.37
5& ﬁndica 1.37
57 Euph\yn_omene indica 1.37
58 orbia hirta 0.68
S\Agef atum co .
{ Cor\nyzmdes 0.68
50 —l==rchorus aestuans 0.68
G\DIOSCOrea hiso]
& Exacy s =
M N 0.68
Contd...
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Table 3,19 contd..-
Species
@Wotalarioides Percentage Frequency
— 0.68
}W indicum D —
[ [pperiongim = s
{ wdlum album — T
{ Saussurea I'mtromalla S
7| [Lactuca ¢ dolichophylla 0.68
ﬁ’ Gnaphalium Iuteo-album‘ 0.68
ﬁ/ Malvastrum Cer?mande//anum 0.68
—71__[Selinm monnieri 068
—_|Alternanthera sessilis T
—73 |Erigeron sublyratus 0.68
—74 |Hemigraphis hirta 0.68
—75 |Martynia annua 0.68
—76 |Heliotropium zeylanicum 0.68
77 |Rhynchosia minima 0.68
78 |Trichodesma sedgwickianum 0.68
79 |Uraria picta 0.68
80 [(Launaea acaulis 0.68
81 [Naravelia zeylanica 0.68
82 |Leea alata 0.68
83  |Oxalis corniculata 0.68
84  |Blumea hieracifolia 0.68
85  |Heliotropium strigosum 0.68
86 |Eulophia homusjii 0.68
87 |Sida rhombifolia 0.53
88 |Diclitptera roxburghiana 0.68
89 |Abelmoschus crinitus 0.68
|_D. [Sedges (n = 293)
|1 |Fimbristylis dichotoma 12.29
2 |Scleria levis 7.51
3\ Cyperus niveus 546
4 |Cyperus kyllingia 212
S [Carex fedia 2.73
8 [Cyperus iria 0.68
’E\\
1\- Ferns (n = 293) T
2\Pf‘r’ans\m‘a1’a 278
3\Ad’émwmulatum 210
4\Wexuosum 0.68
@%mw’?"w 0.68
—=270Ptris thalicteroides
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TWentY'ﬁve :
m occurred in as many as 41,989, Sampled plots (n = 293). This
’ was

f ||owed by Saccharum narenga and Imperat cylindrica with values of
0

frequency of
nce, being 33.5% and 31.8%, respectively ( ’

occurm® : - Table 3.20). Other important
es on the basis of their higher values of frequency of Occurrence were: Apluda
mutica; Sclerostachya fusca, Themeda ar undinacea, Vetiveria Zizanoides, and
De smostachya bipinnata. Phragmites karka occurred in just 8.9%

Remaining grass species obtained frequency values <6.5%.

plots sampled.

Thus, it was inferred
that two species of Saccharumi.e. S. spontaneum ang Saccharum narenga and also

Jmperata cylindrica were widely distributed in grasslands of TCA. These three

species alongwith Vetiveria zizanoides contributed for nearly 55% grass cover in
TCA. Imperata cylindrica alone occupied almost one fifth of the ground cover in
grasslands. Interestingly, Phragmites karka characterizing Phragmites — Saccharum
- Imperata grass cover type just occupied 2.7% grass cover in TCA. It clearly
indicates that a long history of cutting and burning has favoured Saccharum,
Imperata, Vetiveria, and Themeda species in TCA. Desmostachya bipinnata and
Cymbopogon jwarancusa indicators of frequency cutting, burning and resultant drier

conditions occupied just 3.7% and 3.3% grass cover, respectively.

3.3.8.3 Grassland Distribution and Succession

The Lowland grasslands consisting of tall, coarse grasses occurred in swampy and
moist situations. Five assemblages deciphered in the Lowland grasslands seem to
have a direct relationship with soil conditions, particularly seasonal inundation and
Soil moistyre, Thus, the Phragmites karka — Arundo donax assemblage found in the
Lowlang grassland was favoured by extreme wet/marsh conditons while Themeda
Mindinaceq — Saccharum narenga — Apluda mutica occurred on the relatively lower
"M of the moistyre gradient. The later assemblage (TASNAM) was, thus inundated
or 2 brief periog only. Three other assemblages Viz., SSSNAM, SNSSAMj and
SFSSAM Were probably intermediate with reference 1o their affinity to moisture

r i . »
“Oime. Likewise, in the Upland grassland also Imperata cylindrica - Desmostachya

Ipi i ively moist areas
Mnaty _ Saccharum spontaneum assemblage occurred in relatively
Whereag o

nbopogon d mostl
Sitg Y gon jwarancusa dominated assemblages was foun " y

€se assem i ing.
" A thes semblages are subjected to cutting and burning
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e rre
rable 3.20 ~ :’ne_'if?;\‘t(anizg 3) quency of Occurrence and Cover of Grass Species
W'F/'Spemes I;?:;i'::g; Percentage Cover Abundance
| [Saccharum spontaneum 42.0 11.00 26.22
—5 _|Saccharum narenga 33.5 15.99 47 .81
—73 _|Imperata cylindrica 31.7 18.03 56.80
—24  |Apluda mutica 21.2 4.86 2208
—%  |Sclerostachya fusca 19.1 8.58 44.91
6 |Themeda arundinacea 17.8 8.76 4935
7 |Vetiveria zizanioides 17.4 10.23 58.78
8 |Desmostachya bipinnata 13.0 - 377 29.08
9 |Phragmites karka 08.9 2.80 31.50
10 |Saccharum bengalense 06.1 0.87 14.22
11 |Cymbopogon osmastonii 05.5 0.06 1.00
12 |Cymbopogon jwarancusa 05.1 3.35 65.40
13 |Oryza rufipogon 041 - 0.04 1.00
14 |Arthraxon prionodes 04.1 0.20 4.83
15 |Cynodon dactylon 03.4 0.03 1.00
16 |Heteropogon contortus 02.7 0.027 1.00
17 |Eulaliopsis binata 02.7 0.03 8.75
18 |Paspalum paspalodes 02.1 0.02 1.00
|19 |Hemarthria compressa 02.1 0.02 1.00
20 |Bothriochloa bladhii 01.4 0.01 1.00
|21 |Dendrocalamus strictus 00.7 0.01 2.00
22 |Sorghum halepense 00.7 0.01 1.00
23 |Cymbopogon flexuosus 00.7 0.01 1.00
|24 |Seteria verticillata 00.7 0.01 1.00
25 |Arundo donax 00.7 0.50 72.50

Frequent Cutting, burning, harrowing and reduced.inundation gradually results into
drigr habitat conditions replacing Phragmites karka by Saccharum, Sclerostachya,
Téemeda and Imperata species. Further, excessive grazing in addition to burning at
his Stage favouyr the establishment of unpalatable species viz., Desmostachya

b' ' . . .
’Dlnnata, Cy’"bOPOgon jwarancusa and Vetiveria zizanoides. This is the reason

! Sveral Pure stands of these grasses can be seen in TCA. In other words,

ygrophytic habitat conditions are gradually replaced by mesophytic or even in some

¢ : f TCA
Ses tg Near Xerophytic conditions. The successional trends In grasslands 0

AQ A
deplcted in Fig. 3.8.
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ig- 3-8 Succession in the Upland ang Lowland Grasslangs in TCA

A - Lowland Grasslands

mites karka — Arundo donax
phrag Fresh alluvium

Protection Cutting and Burning
Sclereostachya fusca — Saccharum spontaney, — Apluda mutica Reduced
inundation
and soil
moisture
Protection Cutting and Burning
Saccharum narenga — Saccharum spontaneum — Apluda mutica
Protection Cutting and Burning
V
Saccharum spontaneum — Saccharum narenga - Apluda mutica
Protection Cutting and Burning
V
V
Themeda arundinacea — Saccharum narenga - Apluda mutica Old Alluvium

B — Upland Grasslands
Imperata cylindrica - Desmostachya bipinnata — Saccharum spontaneum
Protection Cutting and Burning
Vetiveria Zizanoides \-/Saccharum spontaneum

Protection Cutting, Burning and Grazing

\'
Cy mbopogon Jjwarancusa - Saccharum bengalense
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conclusions

e Terai Conservation Area represents 3 unique lands
orest - grassland — wetland complex. Forests in TCA pred
ropical Moist Deciduous type and can be grouped in Moist Sal forests, Moist Mixed
Deciduous forests, Swamp forests and Savannah (grasslands). Thes;a forests and
grass|a”d5 exhibited rich plant diversity owing to a variety of factors — physiography
topograPhy’ climate, biotic interactions, long history of management, and resultan;
succession. Since 1886, successive Working Plans have guided forest management
in TCA upto the present time except in two PAs je. DNP and KWLS wherein
reserved forests were managed for the commercial production of wood products and
for the subsistence needs of the local people upto 1977 and 1991, respectively.
Present study aimed to assess and compare vegetation diversity in the four
constituent areas of TCA (DNP, KWLS, NKFD, and SKFD) and to evaluate the effect
of two broad management options i.e. PAs and MFs.

Cape characterized by
Ominantly belong to the

The cluster analysis based on the similarities in tree abundance pattern grouped all
Sal forest types. Chandar Sal and Sal Mixed forests could not be separated as they
merged with dense Sal and moderately closed Sal forests. Khair and sissoo forests
and the Upland grassland clustered together. The Tropical Seasonal Swamp
fore3sts showed affinity with Tropical Semi-Evergreen forests. Plantations were
dstinctly separated out. In addition to these major vegetation types, the Lowland
diasslands and Tamarix scrub devoid of trees were also delineated in the present
Study. The TWINSPAN analysis resulted into nine grassland species assemblage in
the Uplang and Lowland grasslands of TCA. The Upland grasslands had altogether
three assemblages characteriszed by Imperata cylindrica, Saccharum spontaneum,
t?]ZSTSSIfaChya bipinnata, Cymbopogon jwarancusa., and Vetiveria zizanoides whilst
SaCch;I:l- and grasslands characterized by Phragmites karka, Ssler OStaCh}; aAfulsfa;
Muticg :m narenga, Saccharum spontaneum, Themeds arundlr-racea, and Aplu
ad five assemblages. Further, Typha elephantina dominated assemblage

OCCurrey ;
®d in Permanently waterlogged sites.
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| 48

i

| 31 467 trees (>30 cm girth) of 96 tree species we
pal ="

| mpled plots (20m X 20m). Mallotus philippensis OCCurred in 54,79 Sampled plot
. - ' ots,
sauowed py Syzygium cuminii. Tectona grandis, an exotic toT

re €Numerateq in 1,748

0 CA occurreq in as

€ species, 47 tree

species had less than 1% frequency of occurrence., Only 10 Species obtained values

»10% frequency of occurrence based on extensijve sampling.

A gradual increase in number of tree species i.e. from 33 to 56 was recorded while
moving from the dense Sal to open Sal forests. The open Sal forests had favoured
presence of several miscellaneous species.

The overall tree density computed for forests in TCA was 450.04 trees/ha. The
highest tree density, being 115.5 trees/ha was obtained for Shorea robusta, followed
by Mallotus phillippensis. Interestingly, two exotics to TCA i.e. Tectona grandis and
Eucalyptus citriodora together constituted 16.4% of the total trees enumerated.

In other words, it can be said that nearly one fifty of the forest standing crop was
"eplaced by planted exotics. Further, only 13 tree species or 13.5% tree species
eCorded in TCA obtained density values more than 6 tree/ha. The values of
Importance Value (IV1) for 96 tree species recorded in TCA ranged from 0.02 to
.16, The highest IVI was obtained in the case of Shorea robusta — the most

dominant tree species. Prominent co-associates based on the values of Importance

(Vi) Were Mallotys phillippensis, Syzygium cuminii, Milliusa velutina, Dalbergia

Siss . .
90, Terminalig alata and Acacia catechu.

, 1 . .

ntereSt'”QW. Shorea robusta was the most prominent tree species in two PAs (DNP
3 o o

nd KWLS)_ In contrast, Acacia catechu, Dalbergia sissoo, Terminalia alatja,
"gtonig acutangula, and Haldina cordifolia obtained much higher values of IVIin

0 . ; ed areas. This
y Manageq forests than their corresponding values in two e
gq|

tree S

re H wye f
s tinetinn i and composition 0
ation Aamply indicate a marked distinction in the structure

PeCies in two PAS and two MFs.
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Value of Importance (IVI) for select tree species in
he red. Accordingly, values of Acagjs catechy r

The ; .
5l and Sal Mixed forests in KWLS. Barringtonia acutangula, Ficys benghalensis

yiliusa velutina, and Terminalia alata characterized forests in SKFD based ontheir
Corresponding higher values. The prominence of these four tree species in SKFD
was attributed to the fact that SKFD harboured g greater extent of Tropical Seasonal
swamp, moderately dense Sal, and open Sg| Sg| forests. Tectona grandis registered
its highest IVI in KWLS among the four constituent areas while Eucalyptus citriodora
obtained its highest value in DNP due to extensive plantations in grassy blanks or

‘phantas’.

Shorea robusta distinctly occurred in just five Sal forest types. Its IVI values declined
fom dense Sal to open Sal forests. The maximum IVl of Sal was obtained in
Chandar Sal forests.

Diperocarpaceae was the most important plant family in TCA based on the Family
Importance Value (FIV) computed using the data on the occurrence of tree species,
dominance ang abundance in respective family. This family was just represented by
single one tree species i.e. Sal. The second important family in TCA was
E“Phorbiaceae. The order of first ten families based on descending values of
Family Importance (FIV) was Dipterocarpaceae 9 Euphorbiaceae = Myrtaceae
Voraceae > Verbenaceae 9 Mimosaceae 9 Fabaceae & Combretaceae
RUbiCeae > Anonaceae. These ten prominent families were represented by 52 tree
"Pecies out of recorded 96 species in TCA. Thus, these 52 species contributed for
" than three-fourth diversity, density and dominance. More than 86% tree
"Pecies (83 out of 96) were represented by a small number (~250) of individuals, ?Ut
" ot 31,467 trees enumerated in TCA. This amply indicates that such species
th:re Sither highly localized or were in low abundance. It is possible that several of

‘ species are
® Specieg Might occur naturally in low number. Nevertheless, such sp
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Aot
¢ utmost ecological importance and cgji for a
0

Priority attention and monitori
generation and establishment, e e

their ré

The Upland grasslands harboured widely scattereq eleve
ones were: Bombax ceiba, Bauhinia racemosa, Acacia

and Butea monosperma, Tectona grandis ang Euca
 ocourred as these two species were extensively planted.

n tree species. Prominent
catechu, Dalbergia sissoo,

Clerodendrum viscous was the most widely distributed shrub in TCA as it occurred in
as many as 56.9% sampled plots (n=1,674 plots of 10m x 10m), followed by
Flemingia macrophylla and Tiliacora acuminata. Ardisia solanacea and Murraya
koenigii occurred in almost 1/4th plots sampled. Other common species were
Glycosmis pentaphylla and Helicteres isora. As many as 18 species out of
28 recorded shrub species obtained lower frequency values, being less than 5%.
Lantana camara, an exotic weed occurred only in 5.7% sampled plots with density
value, being 393.1 shrubs/ha. Noticeably, the values of percentage frequency of
occurrence of Tiliacora acuminata was proportionately much lower in NKFD (28.2%)
and SKFD (10.8%), against 52.3% in DNP. Similarly, the density values of Tiliacora
acuminata declined from as high as 6,293.4 shrub/ha in DNP to 829.0 shrubs/ha and
234.1 shrubs/ha in NKFD and SKFD, respectively. This, amply indicates that
relatively open canopy forests and other habitat factors were not favourable to
Tiiacora acuminata in two managed forests while this species was highly favoured in
majority of the forest types in DNP. The overall shrub density was highest in NKFD
(20,737.1 shrubs/ha), followed by 19,755.7 shrubs/ha in DNP. The shrub density in
SKFD was almost half as of DNP., being 9,017.8 shrubs/ha. One of the possible
"'®asons for this low shrub density in SKFD can be attributed on the account of

Jreater disturbance by livestock grazing, fire and even forest working.

. “Mparative of shrub layer across different forest types in TCA also allowed
Severa| Noteworthy observations. Accordingly, the number of shrub species ranged
from g to 22 in different forest types. The Tropical Semi-Evergreen forests had the

Owest NUmber of shrub species while open Sal frests had the highest number of

“hrup SPecies. As in the case of trees, the number of shrub species also

; . inata
COnSIderany increased dense canopy Sal to open Sal forests. Tiliacora acuminat
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in other forest types, except
o Tropical Seasonal Swamp forests. Ardisia solanac :

< ) ! a showed specific affinity to
opical Seasonal Swamp forests, Tiliacora acuminata was conspicuous in its

absence in Chandar Sal forests, Otherwise, it commonly occurred in all other forest

ypes- Lantana camara was almost absent in dense Sal while Khair and Sissog

forests favoured this species. Helicteres isora was the prominent shrub in Chandar

sal forests. The density of Helicteres isora also increased considerably from dense
sal to open Sal forests. Flemingia macrophylla occurred widely and profusely in all

forest types.

Against 13 shrub species recorded in different forests of TCA, interspersed
grassland harboured only 11 shrub species. Three species viz., Helicteres isora,
Ziziphus mauritiana, and Leea asiatica were common between forests and
grasslands while other 10 species exclusively occurred in grasslands. This included
four species of Desmodium, Fleminigia chappar, Ventilago denticulata, Ichnocarpus
frubescens, Tamarix dioica, Securinega macrophylla, and Calotropis gigantea.
Helicteres isora ocfurred in 4.78% sampled plots. Otherwise, all other shrub species
occurred in low frequency and abundance.

In all, 89 herb species were recorded in TCA. Forests harboured only 27 species
While grasslands had representation of all the recorded herb species. It is
apprehended that this low herb diversity registered in the present study could be due
o the fact that majority of herbs were short-lived and seasonal in nature. It is
Possible that several of such species were excluded in sampling carried out in later
Months, Dioscorea belophylla was the most prominent herb species in different
forests of TcA based on its highest value of frequency of occurrence. This was
olloweq Sonchus asper, Dioscorea hispida and Ageratum conyzoides. Casia
t.ora Was the densest herb, followed by Ageratum conyzoides. Both these herbs had
e or g value to wild animals instead they were more as weed plants. Herb
SPecigg Were much widely distributed in two MFs than PAs. The number of herb
SPecieg In different forest types ranged from 7 to 18, being the lowest in thé case of
Pical Semi-Evergreen forests while the highest number of herb species were

" .
*ordeq in open g3 and Moist Mixed Deciduous forests. The herb species richness
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present study recorded 25 grass species in TCA based on 293 plots sampled in the
Upland and Lowland grasslands. Saccharym spontaneum was t

he most widely
distributed species with the frequency value, being 41.98%.

Three other prominent
species were: Saccharum narenga, Imperata cylindrica, and Vetiveria zizanoides

based on their higher values of percentage frequency of Occurrence and per cent
grass cover. Thus, these four species occupied nearly 55% grassland cover.
Imperata cylindrica alone occupied one fifth of the ground cover in grasslands. A
long history of cutting and burning has favoured Saccharum, Imperata, Vetiveria,
and Themeda species. Despite Phragmites karka being the featured species of the
Phragmites — Saccharum - Imperata grass cover characterizing the tall, wet
grasslands in Terai occupied just 2.7% grassland cover in TCA. Desmostachya
bipinnata  and Cymopogon Jwarancusa characterized sites experiencing frequent
cutting, burning other disturbance, and resultant dry conditions. Each occurpied less
than 5% grassland cover. Grasslands in TCA are always in a flux due to seasonal
inundation,cutting, burning and grazing. A pattern of grassland succession was,
therefore, observed and documented in this study. A large proportion of the Upland
drasslands represent the mesophytic conditions. Several pure stands of coarse,
UNpalatabe grass dominated by Desmostachya bipinnata, Cymbopogon jwarancusa,

and Vetiverig Zizanoides were also seen.

DiVersity indices computed for the four constituent area allowed noteworthy
observations. Accordingly, the DNP revealed the greatest tree species richness,
fouowed by other PA j.e. KWLS. Two managed forest divisions (NKFD and SKFD)

" Well as g MFs combined had lower tree species richness than two PAs. In
“Onlrast o MFs were more even in terms of distribution of species abundance.

kew; : D was
L'kerse, the PAs were richer in shrub and herb diversity than MFs. The SKFD w

the . _ - arsity.
he "chest jn shrub diversity while DNP was the richest in herb diversity
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ose scrutiny revealed that DNp area lackeq young trees while Middle-aged, and
Lt and larger trees existed in adequate proportion, The inadequate
epresentation of young trees reflected poor régeneration as well as est

| ablishment,
which have been particularly affected in past 2-3 decades.

In contrast, three other

nterestingly, small and scattered forest patches of NKFd those are adjacent to DNP

had the highest percentage of young Sal trees. Detajleq assessment on girth class
distribution of selected timber, NTFP and fryit bearing tree species revealed that
regeneration and establishment is a common problem.  Syzygium cumini was
probably only species in TCA, which depicted a near normal distribution of girth in all
the four constituent areas. Regeneration and establishment of important tree
species have been major concerns in the forests of TCA. On the one hand, high
biotic disturbance, particularly grazing and burning is a major factor for poor
regeneration while probably passive management and resultant closed canopy is the
cause of poor regeneration and recruitment in forests of DNP.
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Faunal Diversity, Habitat Use 5

Faun: nd Conservation Issues

Overview

4.1
The alluvial action of the many streams ang rivers disgorging monsoon rainwater
fom the Himalayan and Shiwalik hill tract creates in the Gan

getic plains a complex
landscape  of Sal dominated moist deciduous forests

with interspersed tall
grasslands, and swamps. This complex landscape harbours rich and diverse wildlife

habitats. The original large herbivore community alone equaled the diversity and
hiomass of some better-known east African grassland-herbivore ecosystems
(Lehmkuhl, 1989).  Elephant (Elephas maximus), wild buffalo (Bubalus bubalis),
one-horned rhinoceros (Rhinoceros unicornis), five species of deer (sambar —
Cervus unicolor, swamp deer — C. duvauceli duvauceli, hog deer — Axis porcinus,
chital - A. axis, and barking deer — Muntiacus muntjak), and wild pig (Sus scrofa)
were abundant, and supported a host of large and small carnivores such as tiger
(Panthera tigris tigris), leopard (Panthera pardus), wild dog (Cuon alpinus) wolf
(Canis  lupus), jackal (Canis aureua), and striped hyaena (Hyaena hyaena)
(Plate 4.1). The numerous rivers and swamps supported exceptionally abundant
and rich waterbird and waterfowl assemblages, both resident and migratory, and
*Qally rich amphibian, reptile, and fish communities. Both wetland and upland

habitats are home to over 450 species of resident or migratory birds.

lnternationally, the TCA is a critical link in an informal network of Protected Areas
that Stretches across the Terai through India and Nepal. Although the Terai
Ia“dSCape is fragmented, and increasingly so with mounting population pressure, the
TCA is the potentig| link between Nepal's Shuklaphanta Wildlife Reserve and Bardia
“lonal par Elephants and rhinoceros still manage on occasion to reach the TCA
Ough tenuoys corridors that cross the intervening human-dominated landscape. It

f Iikely that tigers have been making the same movements. The TCA could be vital
or th

IS

SPeg ;
%S With sufficient dispersal capability.
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plate 4.1 — Species of Conservation Concern in TCA

B 1 Flori '
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2 paunal Diversity in TCA
4.

- ollowing section briefly describes the faung| diversity in TCA
4ild animals has been taken from the available [iteraty
made during the present study.

Information on
re and field observations

4,21 Invertebrates

Little is known of invertebrate diversity in the TCA. De (2001) listed 120 species in
several taxonomic groups, including 19 species of Spiders, 36 species of butterflies
and moths, and nine species of mollusks for the Dudwa Tiger Reserve (DTR).

4.2.2 Fishes |

The swamps ‘tals’ and rivers of the TCA Support a wide diversity of fish representing
20 families. De (2001) recorded 79 fish species in the DTR, which likely is
representative of the fish fauna in the entire TCA because most rivers and ‘tals’
occur in and around the DTR. Fish in the family Cyprinidae dominate the fish fauna
with 36 species in four sub-families documented in the DTR. Fish are important
primary and secondary predators and important prey for other species in the aquatic
Systems of the TCA.

423 Amphibians

The umerous perennial and seasonal water bodies provide excellent and diverse
habitat for amphibians. Ten species of amphibians in three families of the order
Anura have been recorded in the DTR (De, 2001). With the exception of the
“mmon toad (Bufo malenostictus), the known amphibians are split among the frogs
“the Ranigae and Hylidae families. Little attention has been given in the past to
Wrveys of amphibian diversity, and much likely remains to be discovered. A

preViO“SIV Unknown hylid species of the genus Chirixalis and a range extension of

' ' de
( ° Ieap'ng frog (Racophorus taeniatus) have been recorded during the last deca
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424 Repﬁles

is relatively rich in reptiles, Particularly tyrtjes a
The TC.A | alustris and gharia| — Gavialjs gangeticus)
Crocod’/usbﬁ:tats. As with amphibians, Jittle intensive
aquajzh:‘:y and Bhupathy, 1993). Thiry.
(cho

nd Crocodilians (mugger-
associated with wetland ang
Survey work has been done
Ve species in five families have been

Peacock Sofshell Turtle — Aspideretes hurum, Indian Softshell Turtle — A,
lndlant-cus and Red-crowned Roof Turtje _ Kachuga kachuga) of the Wildlife

icus, -
. tion) Act, 1972.  The Indian Eyed turtle (Morenia petersi) was reported in
(Protec ,

fee,1995). The snakes are similarly diverse with 12 recorded species, Python
Hanfee, .
(Python molurus) is commonly found in Lowland grasslands.

4.2.5 Birds

The complex habitat diversity of forests, grasslands, ar-1d Wellands enge;:;eerds i:
likewise high avian diversity in the TCA. About 450 species have been r:;:an o
54 families (De, 2001 ). The TCA is a north Indian stronghold for‘ t::g? iy :]Jmani
Bengal florican — Houbaropsis bengalensis (Sankeran and R.ahmam-, tall ’wet Terai
et al. 1990 and 1991), as well as for other species assocna.ted with ta .
Jrasslands sych as the swamp partridge (Francolinus gulaﬂsl) i SE,,\T:ar:]azsslandS in
(Javed gf al,1999). In order to assess the status of Bengal ﬂoncan,f 2050 and 2001.
TCA were Searched during the breeding season (February-JL:nse)) °Were e
Thirty.six independent Sightings (33 males ar:d:sjuz::ees are extremely shy,
tr:zrr:::fe:el:‘:r::aenternszaiier,Tvt:hfjc?j:lassex ratios, the total population was

; Fully
; isted in Schedule I.
esﬁ”lf:lted to be atleast 70 adults. Nine bird species are liste

: A (De, 2001).
25% of the species (109) are accounted rare in the TCA (
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mammals — Focal Species
4.2.6

ise diverse assemblage of smg]| and large
h'kewnsr—;ven o ssembiege Mammals in 1g or
Forty-S‘jj in the TCA (De, 2001). Many of those
recorde xtirpation: nearly a third of thoge Species (
f::::l:ed (7) or endangered (7), ang another 5 are

Considered rare, Nationally
ted endangered species include tiger, fishing cat
liste

(Felis Viverrina), leopard cat
Felis bengalensis), sloth bear - Melursus ursinus (although locally common), Asian
(Felis

elephant, one-horned rhinoceros, ang Swamp deer. Nationally threateneg and
locally rare species are leopard, Indian fox (Vulpes benga/ensis), and rate (Mel/ivo.ra
capensis). At least two large mammals have been locally extirpated: the last wild
buffalo and rhinoceros were killed in the area nearly 120 years ago. The rhinoceros,
however, was reintroduced in 1984 in Dudwa National Park ang currently numbers
17 animals in a carefully mbnitored and fenced population. Thus, this re-
introduction programme makes the TCA the western most Indian location for the
endangered species.

Along with rhinoceros, the TCA is 3 critical area for tiger, swamp deer, and elephar.n
onservation. The TCA has an estimated 100 tigers (1999 estimate) and their
Population bhaseq On pugmark counts appears to be relatively stable (De, 2901),
although Poaching and international trade in tiger parts cont'inues to be an.ls:rse
(Sawarkar. 2000). Another estimate places the tiger population at 65-80 f'amrln :
and mych reduced in number and range during the last 15 years due -to habitat ;:ss
Mereasing 'solation of remaining habitat and poaching outside the
(Sawarkar. 2000).

_ , and are found in
SWamp deer also has its western-most Indian location in the 1(;(:’:,- were considered
Ml 5 handfy) of other locations in India and Nepal. Swamp estimated to occur in
relati\/ely NUMmerous in 1980 when about 2,100 animals were

i icting, but there
t i mates are conflic

e TCA (SaWarkar, 2000). Current population esti

havg

. Sawarkar (2000)
®N recognizeqd declines in some areas of the TCA
Bsti

i 700-750 animals as
Mategy the 1998 swamp deer population to have declined to
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sult of grassland successiong| changes wit
re ] {4 oge
mps and ‘tals’ in traditional yse areas o
swa

hin PAs in the TCa, conversion of
utside the PAs to aqri
i riculty
aching of animals leaving the PAs to use tragiti _ g re, and
0

(sathiana) and outside (Ghola, Gajraula) the PAs have declined
population in that area is in danger; Whereas, other local populations appear
elatively secure (Kakraha, Kishanpur). The TCA is also the last stronghold for
hispid hare (Caprolagus hispidus) in the Upper Gangetic Biogeographic Province.

Elephants formerly were relatively common to the area, byt deforestation, Particularly
in adjacent Nepal, has converted hapitat to agriculture ang disrupted trave] corridors.
Currently, an estimated 5-10 animals use the TCA, primarily DNP, on g permanent
or seasonal basis.

43 Methods — Habitat Use

Effective management of natura| resources requires the combination of high quality
science and the availability of data-rich information. A wildlife manager thus often
needs key information on the current state of knowledge of wildlife species and their
habitats (Johnson and O’Neil, 2001).

Wildife Habjtat Is a concept related to a particular wildiife species. More specifically,
habitat jg an area with the combination of the necessary resources (food, cover and
Water) ang environmental conditions (temperature, precipitation, presence or
absence of Predators and competitors) that promotes occupancy by individuals of a
SVen species (or population) and allows those individuals to survive and reproduce.
Understanding Species and their habitat relationships is paramount to predicting
SPecieg response to past, present, and future land uses within a managed
'andscape. Keeping this in view, the present study aimed to develop an
understanding of wildlife use of different habitats in TCA. The following methods

:Vere ®Mployeq to assess the habitat use and selection by select featured species
ng

Spegi .
Pecies of conservation concern.
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10

o data on the presence/absence of indirect signs (dung/scat) in Mmapped
Vegetation types was collecteq during Vegetation Sampling for Species of
onservation concern. In all, 1,967 Vegetatio

c

N plots were Sampled in djffe
_ rent forest
and grassiand types. Out of this, 1,674 plots Were sampleq in nine different forest
ypes plantations and Tamarix scryp While 2

44 The Results

44.1 Wildlife Use

Field studies for this project revealed habitat use by several species based on an
assessment the presence/absence of their signs (dung or scats). Values of

types are given in Table 4.1. About 50% of the 1,967 vegetation plots sampled
showed some formal use by selected species.

Sign of chital (26.2%), nilgai (12.5%) and hog deer (10.8%) was most frequently
€ncountereq. Cattle dung was also recorded in as many as 10.3% sampled plots.
Sign of Swamp deer was recorded in just 6.9% of the vegetation. Frequency of
OCCurrence of all other species was <5%.

Chitay Used almost g| vegetation types except Tamarix scrub. Chital prominently
sed Uplang grassland (44.8%), Tropical Semi-Evergreen forest (41.9%), dense Sal
forest (41.6%) and Lowland grassland (41.5%) plots. A gradual decline in use
Fl’attern Was observed while moving from dense Sal to open Sal forest. Relatively
it Use of Moist Mixeg Deciduous forest (10.9%), Tropical Seasonal Swamp forest

15.2%) and Khair ang Sissoo forest (8.8%) was made. Chital sign was encountered

Only ;
Yin 200, of the plots in plantations.
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contrast t0 chital, sign of nilgaj Occurreq Minimally i 9rasslands (3

. 0

45 most frequently encountereq jn Sal Mixeq forest (32.8%
£vergreen forest (29.0%), Probably due to thej :

)- Nilgai sign
), and Tropicg| Semi-

scrub was conspicuous. lnterestingly like chital, nilgai also

the extent of 20%.

sampled in Lowland grassland while only 59.0% Sampled plots in Upland grassland

absence was conspicuous in Tamarix scrub,. Sign of Indian hare were mainly
encountered in Tamarix scrub (26.7%), followed by Khair and Sissoo forest (10.6%)
and Lowland grassland (10.1%).

Sign of Blackbuck Was encountered only in plantation areas of SKFD. Sign of
domestic livestock (cattle) were pre-dominantly encountered in Khair and Sissoo
forest (37.5%), Tamarix scrub (31.7%) and as well as in Upland and Lowland

grasslands. This was mainly due to the availability of forage, water and proximity to
Vilage areas.

Scats of figer Were prominently found in Tropical Semi-Evergreen forest (6.5%),
Tamariy SCrub  (5.0%) and Tropical Seasonal Swamp forest (3.5%). A
dispropOI’tionate use of these habitats by tiger can be correlated to the greater
abundance of prey (chital, hog deer, nilgai and cattle) in such vegetation types.

\ “Mparatiye assessment on habitat use by above select species in differfant
constituent reéas of TCA based on indirect sign also allowed interesting
‘Observations (Tables 4.2 and 4.3). Accordingly, only 8.1% vegetation plots sampled
" managed forests (NKFD and SKFD) had the presence of chital against 41.6%

’ tal sian. Withi lots
e Plots in PAs those had the presence of chital sign. Within MFs, plo
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sampled " SKFD have l?lgher value of fr €quency of Occurrence (10.1%) than NKFp
(5.0%)- This can be atiributed to the fact that forests i NKFD are i s
solated patches, that 100 are in proximity g . Thus, they ex,
more piotic disturbance. Strikingly, there was

maller and in

erience much
Conspicuoys absence of chital sign in

land habitats jn two PAs (DNP and

KWLS) harboured abundant chital Population, Thjg révelation can pe attributed to

the fact that grasslands in MFs were relatively g
higher biotic pressure and disturbance.

11% grassland plots sampled in MFs haq the presence of nilgai sign. Further, nilgaj
used Upland and Lowland grassland habitats in NKFD while there was no such sign
in the case of SKFD. This finding can be attributeq to the fact that nilgai made use of
larger peripheral grassland patches in NKFD while completely avoided smaller
grassland patches in SKFD Surrounded by forest (Table 4.2). Data on indirect sign
for other select Species revealed absence of swamp deer, sambar, hispid hare,
rhinoceros, elephant and sloth bear in two MFs (Table 4.3). In contrast, cattle sign
(21.3%) were prominent in plots sampled in two MFs. Sambar in TCA occurred in
very low number that too only in DNP. Likewise, sign of hispid hare and sloth bear
Was encountered only in DNP amongst two PAs. Indirect sign (scat) of tiger were
fecorded as sych in low number despite extensive sampling. However, these signs
Were absent in plots sampled in NKFD. This can be due to its small, isolated and

disturbeq forest patches (Table 4.3).
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2 - Percentage Frequency of Occurrence of

A

rable 4- Different Constituent Areas of Tca Chital and Nilga Signs in
— yegetation Types TCA | PA
egetation Typ S | MFs | DNP
-/ n=1,967|n=1,087 N=780|n=812 KYVLS SKFD | NKFD
n=375n=477 n=303
No. .
—[chital (Cervus axis)

4 [Chital (%7~
/

A |Forests
1/D ense Sal (>60%) Forest 41.6 m * —Wr*\fﬁ
L— - 0/ ) I

oderately Closed Sal (40-60%

; ,f\:/lorest 35.0 399 | 268 | 375 451 | 26.8 *
5 lopen Sal (<40%) Forest 261 | 381 | 115 | 315 | 471 | 81 | 200
TSaI Mixed Forest 37.7 37.7 * 60.0 | 16.1 ¥ "
5 |Chandar Sal Forest 293 | 302 | 267 | * |302 | 287 | =
6 |Moist Mixed Deciduous Forest | 10.9 | 19.3 | 11 | 237 | o1 | 36 |
7 [ropical Semi-Evergreen Forest | 419 | 419 * |49 | = . .

8 [Tropical Seasonal Swamp Forest| 152 | 172 | 135 | gg 323 | 83 | 60.0

9 [Khair and Sissoo Forest 8.8 38.9 * 38.9 * 0.0 N

10 |Plantations 200 | 317 | 24 | 282 | 395 | 32 | =

B (Grasslands

12 |Upland Grassland 44 .8 66.7 * 50.0 | 100.0 * *

13 [Lowland Grassland 41.5 57.4 * 61.2 | 46.7 * *

Overall 26.2 | 416 | 81 | 37.8 | 38.7 | 101 5.0

2 Nilgai (Boselaphus tragocamelus)

A [Forests
| ! Pense Sal (40-60%) Forest 138 | 123 | 165 | 125 | 118 | 165 | *

2 M *

F(?rii{ately Closed Sal (<40%) 22.7 18.8 * 32.6 30.6 6.7
| 3 [Open Sal Mixed Forest 328 | 328 | * |633] 32| * .
| Moist Mixed Deciduous Forest | 120 | 174 | 76 | 224 | 64 | 250
8 [Tropical Sem; Evergreen Forest | 29.0 | 290 | * [200 | *

5 : i 6.7
—_[["opical Seasonal Swamp Forest| 106 | 11.5 | 99 | 89 | 164 | 125 o
7 H s * * 2

—[hair and Sissoo Forest 106 | * | 137 :
8 Plantationg 200 | 220 | 7.1 | 27.1 | 105 | 226
iGrasslands —

9 * * * 1 «
\Upland Grassland 3.0 ¥ 9.1

10 Low N 14 | * * ¢ 16.7

and Grasslang 3.1 : 55 s
o verall 125 | 124 | 141|144 | 48 | 16.
eﬂotes ab - :
Sence of indirect signs
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3 - Percentage Frequency of Occurrence

. . . of Indij g
Table 4 of Select Animal Species in Different Consrt]i?:;::tt l?rlg:ss é?#gi’\'scat)

T e e, O87 %ﬁ%sﬁw
4 Hog Deer 108 | 190 | og TT";\?"%?_
/Z’ISwamp deer 6.9 12.4 * ? 45 $$
/3/Barking deer 1.2 2.0 0.1 TTT$
2 lsambar 0.2 0.4 * T\\\
5 Hispid hare 3.7 6.6 . 89 | =+ T -
"6 |Indian hare 2.9 1.6 5.3 01 | 43 | 1.9 10.6
’T‘Honey badger 0.5 0.9 * 1.2 * . :

8 |Blackbuck 0.2 0.0 0.4 * * 0.6 "

9 |Wild pig 2.0 1.3 | 32 | 14 13 | 19 5.3

10 |Rhinoceros 0.4 . 04 * 0.5 * * *

11 [Elephant 1.0 1.8 * 21 0.8 ¥ *

12 Sloth bear 0.5 0.9 * 1.2 * * *

13 [Tiger 1.4 1.7 1.2 1.5 1.6 1.9 *

14 [Cattle 10.3 3.3 21.3 2.7 3.7 14.7 31.7

¢ denotes absence of indirect signs

44.2 Cluster Analysis and Similarity Index

Above data on indirect signs in vegetation types was used to examine similarities in
habitat use among species with cluster analysis and determination of similarity
indices based on Jaccards Proximity Matrix. Cluster analysis broadly deciphered six
aSsemb|ageS as shown in a dendrogram (Fig. 4.1). Accordingly, the first cluster
“Mbineg SWamp deer and hog deer, showing a close similarity of vegetation types
Used, Hispiq hare followed in similarity. Chital occurrence was similar to those three
Specieg that are predominantly dependent upon grasslands. Cattle and comm.on
dan hare also showed proximity among them. Lastly, the remaining species
CIustered together, which may be due to their similarity in the habitat requirement or

My .
¥ due to low encountered rate of indirect sign of these species.
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d Proximity Matrix of habitat yse similarity alsg ing
Jacoar

The

(0-584) index value of 0.224 for hispid hare and hog de
arity 1N

icated highest Proximity
This was followed by a

er. Hog deer ang chital

tween swamp deer and hog deer (Fig. 4.2).
be

simil

44.3 Habitat Selection

Electivity Indices (E) as described by Lechowicz (1982) was used to
viev's (1967) itat selection of studied species using collected data on their indirect
geermine htat')lta' Zices measured the habitat selection in relation to their abundance
it Eléft'vftyt': environment. The values range from zero random selection and
or availability in t:Cany from zero between plus and minus one as a habitat is
o SZ:::ded, respectively. The Chi-Square Test also was performed to
:thz(r::;eodiﬁerence in animal use among different habitat types.

in Fig. 4.3.
Results on habitat selection by chital and nilgai in TCA are Erezsznztz;j 'ff;”z ::ed N
Chital showed the maximum selection for Upland gr aSSlan: ((0 22). anc,i dense Sal
Tropical Semi-Evergreen forest (0.23), Lowland g.raSSIaTecﬁor'l towards Khair and
forest (0.22).  While the species exhibited a negatl\fe Set ards Sal Mixed forest
Siss0o forest. Nilgai showed a maximum selection OV\I:Jilgai had the extreme
€ = 0.35), followed by Upland grassland (E = 0.32)

e =-0.72).
"gative selection for Lowland grassland (E )

ications
44 Wildlife Issues, Concerns, and Implicati

44.1 Forest and Grassland Habitats

tation and the
those of vege

tis difficult tq Separate wildlife issues and concerns ffor?ng as a result of processes
“bitat base. Wildlife habitat within the TCA is Cha“fg ast selective tree harvest in
Withi : ries. The effects or p and resultant

" @nd outside the TCA boundaries. g on canopy
3|terin
9 fore

fellin
st composition, the stoppage Of (e.g.
Ung

intervention
her human in
erstorey deVelopment, removal of NTFP, and ot




r

Species 0

Fig:4.1- pendrogram Showing Similari
" Based on their Habitat Use

5

Rescaled Distance Cluster Combine

10 15

gwamp deer

T

20

Hog deer

Hispid hare

ﬁ\

Chital

Nilgai

Cattle

|ndian hare

Wild pig

Elephant

Honey badger

Tiger

Sloth bear

Rhinoceros
Barking deer

Sambar

Blackbuck

Indirect Signs

ty Among Select Anima] Species

Fig.4.2 - -
g ‘fJ:CC:rd'PI'OXImIty Matrix Incorporating Similarity Index Values
r Habitat Use by Select Herbivores in TCA Based on their

’\
v | Species
1
—5—tonital 0.000
\ML .
3 | Barki 0.155 0.000
I To2king deer | 0.0
4 Swam 19 0.019 | 0.000
5 [Hoombdeer | 0.128 | 0.000 | 0000 0.000
%Wf& 0.224 0002 | 0.000 | 0584 | 0.000
Hispid hare | 0.074 | 0000 | 0.000 | 0264 | 0.224 | 0.000
Chital Nilgai | Barking | Swamp Hog Hispid
deer deer deer hare
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0.30 -
0.20 -
0.10
0.00 -
X
5 -0.10 -
£
> 020 -
(V]
> -0.30 -
-0.40 | Chisquare =115.7
-0.50 - (df-11) p<0.01
-0.60 - - e
070 Vegetation Types
o Dense Sal Forest mModerately Closed Sal Forest
0O Open Sal Forest 0O Sal Mixed Forest
m Chandar Sal Forest O Moist Mixed Deciduous Forest
m Seasonal Swamp Forest O Tropical Semi-Evergreen Forest
m Khair and Sissoo Forest mPlantations
O Upland Grassland o Lowland Grassland
10.00 - Nilgal
546
5.00 283 334 31
5 000 : ::I_"
_g -1.38
S -5.00
9
2
-10.00 - Chi square =71.8
-1051 (dﬁS) p<0.01
-15.00
-20.00 . 63 Vegetation Types
B Moderately Closed Sal Forest mopenSalForest 0
D1Sal Mixed Forest O Moist Mixed l?f?:argreen Forest
W Seasonal Swamp Forest illep'cglGS':g:I'and
B Khair and Sissoo Forest @ Uplan
B Lowland Grassland
\
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» cutting) ON habitat pattern and development has not been fully studied
o). For example, there is the perception that stoppage of felling has resyt
g of the Sal forest canopy and the resulting loss of ungulate forage

(De,

. ed in
the closin ' "
with an increase In unpalatable Tiliacora cover. This hypothesis has been addressed

nthe present study and confirmed to a great extent through the vegetation analysis

plants

Also, some feel that changes in human use of grasslands, e.g., stoppage of thatch
grass cutting and grazing, has fostered the development of ta]| grasses over the
shorter grasses (e.g., Imperata cylindrica) favored by ungulates like swamp deer in
alluvial Lowland grasslands. Past planting of Teak and Eucalyptus in ‘grassy blanks’
and in forest gaps has also changed in varying degrees the nature of wildlife habitats
tom natural to cultured conditions. The later was shown by higher Importance

values (IV1) for these two planted species from the extensive vegetation sampling
and assessment in the present study.

current management practices are also a concern for wildlife habitat. Continued
planting of Teak, Eucalyptus and other species designed to enhance wood
production, primarily in managed forests and private lands is still practised. Salvage
of dead or dying trees is an important loss of habitat for cavity-excavating species
that use defective trees, and for species that use down wood for food or cover. For
example, invertebrates that infest down wood can be important food for many
Species of birds and mammals and provide cover for terrestrial amphibians, reptiles
and small mammals (Morrison et al., 1998). Fire in the forest understory is a
Widespread unplanned event that is viewed as detrimental to the forest ecosystem.
Extensive fire breaks have been built in both protected areas and managed forests,
but groung fire remains widespread during the dry season. Other than effects on
"®generation of favored timber trees, such as Sal, there is little known of the effects
offire on ecosystem patterns and processes, such as the successional dynamics in

underStorey forest species, and the implications for important wildlife or biodiversity
M generg),

| [ for
We”ﬂntenﬁoned widespread burning of grasslands provides dry-season forage
wn. For example, complete
e undisturbed breeding sites

h as the hispid hare. Tilling

Un
ugulates, but impacts on other species are poorly kno
i -
for "Ng of grasslands over the dry season may eliminat
8 .
oMe grassland birds, or cover for other species Suc
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ative for some important species such as the endan

pe ned gered Bengal florican,

bt change is being affected from the matriy Outside the TCA boundaries.
abitat degradation by invasion of weedy species fike Lantana camara, Cassia tora
and Parthenium hysterophorus occur along disturbed boundaries and along humar;
use corridors such as roads and railroads. Human encroachment, illicit grazing and
wood collection along TCA boundaries degrade habitat and shrinks the effective size

of remnant habitat patches in the managed forest. Increasingly intensive use of

agricuh‘.ural lands and in river floodplains is eliminating remnant grassland, wetland,
and forest patches and connectivity among remaining habitat patches. Changes in
land use are affecting the hydrology and subsequent dynamics of downstream
riverine systems.

4.4.2 Aquatic and Wetland Habitats

The hydrology of the TCA ecosystem is dynamic, and alterations in the hydrology
are of major concern. Natural fluvial processes and the high water table have
Created the many ‘tals’ and oxbow lakes, but those same processes in many cases

May gradually contribute to their disappearance. Sediments in rivers and streams

dllows them to dry more quickly during the dry season. Many ‘tals’ are supplemented
With water from bore wells in the DTR (De, 2001). Increased sediment loads brought
i from deforested watersheds in the hill tracts of Nepal on the one hand appear to
be “ontributing to increased sedimentation of ‘tals’ and alluvial grasslands. While on
e other hand, some forest patches get inundated by flood water during rainy

s . ;
sason, résulting into changes in plant communities. Natural successional processes

alsg .
"SSultin the gradual infilling of ‘tals”.

s of
t”der % Natural hydrological disturbance regime within 2 large landscape, many d
59 Issues would not be problems. Changes in river channels would create an

"oy Wetlands over time, but the balance likely would change little across a larg

Arg I i iculture on
% PA boundaries, however, often occur along major rivers, with agr
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are carried in floodwaters and deposited in ‘tals’. The resulting shallower depth
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osite side. That situation alters the balance of give and take: hence t

. " ! , Cre
possib”ity that changes in river channels may eliminate -
e

0 dplain habitats in. the PAs while creating them on the unprotected side of the river
rere they are subject to development. Although the converse can happen, i.e.
arving Wy agricultural land‘ to create floodplain habitats on the PA side, the loss 0;
agricultura' lands is viewed dimly by citizens who clamor for flood control structures
o hardening of stream banks with check dams. Such changes are sure to alter the
pydrology of the area, hence the dynamics of the dependent ecosystems. For
example, in the central Nepal Terai, bank cutting on the Sauraha village side of the
Rapti River in Chitwan National Park resulted in the installation of a system of check
dams. Subsequent down-cutting of the river channel lowers the water table and is
one potential reason for accelerated succession of prime rhinoceros floodplain
grassland to riverine forest (Anon. 2002).

Fishing the rivers and streams within protected areas has been restricted in the past,
but some poaching occurs. Poisoning streams has been used to catch fish, and has

potentially affected populations of soft-shelled turtles (De, 2001).
4.4.3 Wildlife Populations

Wildiife population concerns are of direct and indirect natures. Poaching in protected
areas is less a problem than in the more extensively used managed forests and in
e outside matrix of agricultural lands. Animals in the boundary areas of the PAs
that venture out into the matrix are subject to poaching. This is a particular concern
for SWamp deer in the Sathiana area of DNP where intensive development over the
last 25 Years has removed traditionally used monsoon habitats outside the PA, which
alsg Provided g linkage to swamp deer in the KWLS. Tigers venturing out into the
sugarcane fields, which are abundant in the TCA agricultural matrix and in many

Ways Mimic natural Saccharum spontaneum floodplain habitats, are subject to
pOaching.

P : . b
Pulationg Within PAs are isolated by intervening agricultural lands and perhapS. Z

- ecie
“ke Oss of Connective corridors within the PAs. This IS 8 concern .for Iartge nj:intain
" Uger and elephant that require large areas or connective corridors 10
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ulations. Populations in scattereq Managed forest fr.
e poP

agments are isolated,
yiab!

ramNa

lisions or drowning and avenues for hymap intrusi
ollisl
m C

sion, disturbance, and
fro

hange (De, 2001). Small populations isolated
i#at C
habﬂa

from large sources of

ting animals, such as the hispid hare, elephant, or r
' n

immigra

eintroduced rhinoceros,
uous hold on viability because of potentially devastating demographic or
ten
have 2

tal change or disturbance. Finally, Jittle is known about the distribution,
enifonmer tus, ecology, and effects of management for the large number of less-
POPUIaﬁOn e Il;m,t and animal species that make up the bulk of biodiversity in the
Conspicuofzsm? the base of the intricate food webs and ecosystems that support the
vTv:: kan':\iNn species that the management typically focus on.
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Chapter 5

Grassland Burning Practices — A

Experimental Trial

54 The Tall Grasslands

once extensive, sub-tropical tall riverine grasslands in the foothills of the Himalayas
or in the valleys of the Ganga and Brahamputra Rivers and their tributaries are now

confined to 10 protected areas in the northern India and four areas in the Nepalese

Terai (Oliver, 1985; Peet et al., 1999a). These grasslands are diverse and among

l the most productive in the world (Dinerstein, 1979a,b; Lehmkuhl, 1989). These
grasslands harbour a variety of floral and faunal life, including several endangered,
charismatic and obligate species viz,, tiger (Panthera tigris), Great Indian One-
horned rhinoceros  (Rhinoceros  unicornis), swamp deer (Cervus duvauceli

duvauceli), hispid hare (Caprolagus hispidus) and Bengal florican (Hubaropsis
bengalensis).

The tall grasslands in Terai are described as stages in the succession continuum
between the primary colonization of new alluvial deposits by flood climax grass and
herbaceous species, and the non-flooded climax deciduous Sal (Shorea robusta)
dominated forest (Champion and Seth, 1968; Dabadghao and Shankarnarayan,
1973, Lehmkuhl, 1989 and 1994). Fluvial processes and actions remain the primary
disturbance effecting spatial pattern and the organization of tall grasslands along soil
Moisture gradients (Seidensticker, 1976; Lehmkuhl, 1989). Tall grasslands occur in
the most hydric areas, and are considered an “edaphic climax” (Dabadghao and
Shankarnarayan, 1973). Other disturbances known to influence the organization of
“nemporary grasslands viz, fire and grazing pressure by abundant, large-

Merbivore fauna are also historically common to these grasslands.

"equent floods, wide spread burning and heavy grazing together result into a ‘h'9h|y
dynamic, tall grassland and woodland mosaic in which a large and diverse

- 7 and
mammalian fauna has evolved (Lehmkuhl, 1989 and 1994; Peet et al, 1997 an
1999a,b).
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, traditiona| means of house

construction could no longer be maintained and tall grasslands were virtually

ts. Lehmkuhl
(1989) based on field assessment on grass ang cane extraction by local people in

chitwan National Park in 1986 determined that that grass (

conspicuous in absence outside protected aréas and managed fores

Imperata cylindrica only)
was valued at Nepali Rupees 4.6 million and canes at NR o.4 million. The benefit

accrued to individual family was estimated at NR 2,500 (US$ 115). The study also
examined the costs of alternative building materials, and concluded that most
villagers close to the park do not have enough capital to invest in other supplies, but
they do have the time to cut grasses for their own use. Brown (1997) concluded that
there are several factors, which make attaching a monetary value to the collection of
grass and canes problematic. In addtion, the economic value may not reflect or be
indicative of the cultural significance of these resources. Despite the apparently low
overall economic value, findings indicate that the grass is a very important resource,
especially for the "“Tharus". The grassland produces have also a great cultural value

in terms of ceremonial uses.

Broadly, two types of tall grasslands — the Upland grasslands and Lowland
drasslands have been recognized in the Terai region. The former occured on drier
O well-draineq soils while the later type in low lying waterlogged sites or sites
i"Uf\dated during the monsoon or subsequent months. Floristically, Imperata
Yindr ica, Saccharum spontaneum, Vetiveria zizanoides and Saccharum
benga’ense characterized the Upland grasslands. The Lowland grasslands were
predominated by Sclerostachya fusca, Phragmites karka, Arundo donax, Themec?a
arundinacea, Saccharum narenga and Saccharum spontaneum. The.grasseS '2
Plang grasslands usually attained height upto 2m while grasses in Lowtan

Orag
Slands Were even 6m tall.

179

|




current Knowledge

1994, 2000; Bell and Oliver, 1992; Inskipp ang Inskipp, 1
Rahmani et al.,1990; Peet, 1997; Peet et al., 1997 and
.Richard et al., 2000; Mathur, 2000).

983; Qureshi et al., 1991;
2000; Wegge et al., 2000;

Mathur (2000) has reviewed the status of research ang monitoring in protected areas
of the Indian Terai and highlighted the need for experimental research on grassland
management practices, which has lacked in the majority of Indian PAs. Peet ef a/.
(2000) have reviewed researches on the tal| grasslands in Nepal. They have
summarized the research, and conclusions on management priorities based on the
investigations addressing botanical diversity, plant-animal associations, effect of
cutting and burning of grasslands and its impact on ungulates, and socio-economics
of grassland harvesting.  The following paragraphs summarize the current
knowledge on tall grasslands and the challenges in managing them.

5.2.1 Grassland Diversity

Severa| botanists and foresters have provided valuable checklists, flora and
i”UStrations, Particularly in the case of grasses (Duthie, 1883; Raizada, 1931;
il 1933; Bor, 1941 and 1960; Whyte, 1957; Champion and Seth, 1968;
Dabadghao and Shankarnarayan, 1973; Chaudhuri and Naithani, 1985; Singh and

Tomr, 1983; Hajra and Shukla, 1983: Singh, 1997).

Lehmk“hl (1989) first revealed the complexity of the tall epessinis T IdTntlZ:agt
Bight grasslang assemblages in Chitwan National Park, Nepél. SubseQUen: :fs,s "
8t q (1997) described nine grassland assemblages with elght. phasc.as acrasSIaInd
four Teraj Protected areas in Nepal. Present study also identified nltr;esi o
Secigg 3ssemblages in the TCA (see Fig. 3.7). Interestingly, both the

180

~0



inan
domfrequen cy and abundance.
low

early successional or Lowland grasslands consist of t
The

nragmites, Saccharum, Themeda spp.). They are natyrg
(P me established and are maintained as g resyj of fluvi
beco

all, perennial grasses
in the sense that they
al action and flooding
ut they are considereg

ooding ceases and the
i| conditions were stabilized. On the contrary, assemblages on drier well-drained
sol

and better-developed soils (Upland grasslands) consist of shorter perennial grasses
predominated by Imperata cylindrica and Vetiveria Zizanoides. These Upland
grasslands are considered to be originated following the anthropogenic interventions
(forest clearing, burning, livestock grazing, and cultivation). Both, the Upland and
Lowland grasslands share the characteristic of a high water table, which promotes

ing the monsoon (Lehmkuhl, 1989; Wegge ef 4/, 2000). B
uri
d be successional and would develop into forest jf periodic fl
to

extensive grass growth and provides graminoides a competitive advantage over
trees and shrubs.

Traditionally, local villagers have utilized both types of grasslands for various
Purposes.  The Lowland grasslands are cut and harvested mainly for canes,
Whereas the Upland grasslands were earlier grazed by livestock and grasses. cutand
Emoved for g variety of local uses (Brown, 1997; Wegge et al., 2000). | leesto;:k
drazing is now prohibited in the Indian national parks while regulated g_rfizmghcfn r:
Permitted jn sanctuary areas. It is believed that local .comr?unltles ttae r fhe
aditionally dependent on forest and grassiand resources efther fllegally enor they
Protected areas and collect grasses for ‘thatch’, fodder and <‘)ther purposleesd o
Marvest fesired quantities of grasses for their sustenance in the : n(::lsslagnd are
permission of PA management (De, 2001). Further, both' types Oa Q-February oy
‘Mt each yeqr intentionally in early part of the dry season i.e. Ja"“mr: On many
the PA Management as a part of habitat management pr°|£:rafr:are'lessness. In
Occasions, fires are also set by peripheral villagers or as a resu ot o ed ol
8 Process extensive areas of both the type of grasslands ge

. . d
‘e hi f soil moisture an
"Hoept for a few localized patches where there is high level 0

ar
5583 are stil moist.
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studies have indicated that whilst burnjng, Cutting,

inﬂuencing the structure and composition o
i ntained by flooding, the overall distribution and diverci
f yenced by the fluvial action. Changes in the
fooding, erosion, and alluvial deposition pq

' Ve direct implications for the
stablishment of early succession grasslands and

their ultimate maintenance.

5.2.2 Grassland Management and Faung| Conservation

Researches on the tall grasslands have primarily focussed on larger mammals. Peet
et al. (1997) have described faunal associations for g range of species in the ta]|
grasslands. Likewise, the present study (Chapter 4) has also highlighted several
grassland dependent and obligate species in the TCA Oliver (1985) believed that
grasslands maintained by regular and too frequent burning are characterized by poor
species diversity and the extensive and rapid growth of fire-resistant species, notably
the various ‘thatch’ grass e.g. Saccharum, Themeda and Imperata spp. In spite of
this fact, Bell and Oliver (1992) were of a view that forest and wildlife managers in
such areas justify the practice of early burning of grasslands for a number of
reasons: (i) prevent incidence of ‘spontaneous’ and ‘more damaging large scale
summer fires by removing accumulated combustible fuel; (ii) to promote new grass
and quality forage for herbivores; (jii) to check succession from grassland to forest by
Preventing invasion of woody species or encroachment of grassland by climax forest

habitat; ang (iv) to facilitate a ‘thatch’ crop in the ensuing year.

Severa authors have documented that the faunal species respond differently to
Management of tall grasslands, and the implications of annual cutting and burning
for faunal utilization of grasslands have been poorly understood. It has been well
eStab"s'hed that widespread cutting and burning has deleterious effect on smaller,

: S Mobile, coyer dependent and disturbance sensitive species. Studies on hispid
are (

i ve revealed that
" CaprolagL,s hispidus) and Pygmy hog (Sus salvanicus) ha
Ima

S become confined to remnant patches of uncut and unburned grassIaTnd
f°"owing fire where they are vulnerable to disturbance, predation, and hu-ntm‘g
gOIiver, 1980; Bell, 1986: Bell et al, 1992; Oliver and Deb Roy, 1993; Adhnl;lan,
000)' In Contrast, ungulates probably gain some benefit due to regenerating
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ies composition and abundance
ecl

sp ertebrates (Peet et al.,, 1999b),

inv

particular, there is an urgent need to understand b
In ’

etter the Succession processes
ithin the grasslands and the effects of disturbanc
wi

€, particularly cutting, burning,

zing on floral and faunal species Composition, species abundance, and grassland
gra

oductivity. The effects of current management practices on the patterns of habitat
pr '

use by faunal species, particularly for poorly known taxonomic groups such as small

mammals, grassland dependent birds (e.g. Bengal florican) and herpetofauna call
immediate attention.

3.3  Grassland Management Practices in TCA

The present extent of tall grasslands in the TCA forms an integral part o.f the
forestlands, controlled by the Forest Department which is the custodian of wildlife
and natural ecosystems in India (Sawarkar, 2000). In the popular perception, the
importance of grasslands is seen only in their utility for grazing livestock and o-the’r
needs of sustenance. Till very recently, foresters considered them ‘unproductive’,
and administrative and political decisions in favour of local or regional developme(r;t
have diverteq large tracts of grasslands to other uses. Grasslands are overgraf:ah,
Subjected to uncontrolled fires, and taken over by an abundance of weeds, whic

ultimately leads to degradation.

. : inued to ignore the
The forest Policies formulated in the country from time to time continu

i asslands
0 s, and ipso facto gr |
bIOI gical values and ecological functions of grassland )

, d Sawarkar, 1988;
Werg Considereg unproductive in the foresters lexicon (Rodger: e::nce to wildlife or,
awarkar, 2000)‘ The earlier policies do not have any re iurther the TCA like
““derStandably to the ecological productivity of grasslands.
t

such as its
) her reasons,
®raj elSeWhere was malarious and inhospitable for ot

ild
d abundance of wi
“Mpy Nature, The extensive tracts of tall grasslands ha
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The forests, grasslands, and wetlands are Part of a landscape that has rich
agriculture, human habitations, cattle, and other indicators of progress of human
society. Therefore, there are a wide range of interacting influences, including the
powerful socio-economic interests of humans, that affect the ecological integrity of
the Terai ecosystem (Sawarkar, 2000).

The forests and grasslands in TCA have been managed under forest working plans
on a regular basis since the turn of twentieth century, with the principal interest of
producing timber or other economically valuable products. Thus, extensive
plantations of Acacia catechu, Dalbergia sissoo, Syzygium cumini, Tectona grandis,
and Eucalyptus citriodora were raised on ‘grassy blanks’ and are being continued
€ven now in the managed forests. Tectona grandis and Eucalyptus citriodora are
the exotics in this region. The non-timber forest produces (NTFPs) collected from
different forests in TCA included ‘thatch’ grass. Seven species of tall grasses for
thatch Eulaliopsis binata for making rope and several grass species are being
haWeSted for fodder purpose by local people. Till recent past, cattle grazing was
also alloweq throughout the forested tract except areas earmarked under
“9eneration programme, The present wildlife law in Indiaprohibits cattle grazing

" other ygeg in a national park area while regulated grazing only is permitted in

the ,
¢ase of wildlife sanctuaries.

0 ‘ ,
e the Years, a combination of tools and methods like grass cutting, removal,

"arrou in di in th
“ow ng, Uprooting, planting and burning have been used in different PAs in the

g ” 2000;
fan Terai 5o as to maintain grassland diversity and productivity (Mathur,
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Anon 1997). Unfortunately,
non-

1986; Deb Roy, 1986; Qureshi et al,, 1991 Mathur, 2000).
infensive management inputs at a high cost wity potential
TCAis noO exception.

Some PAs are providing
risks involved therein. The

54 The Experimental Trial

It is evident that the tall grasslands in TCA have been i
significance for a very long time, ang potentially fayl

gnored their ecological

ty or ad hoc management
practices have been continued. The tg]| grasslands in TCA have also been

extensively grazed, harvested, and annually burnt except in the Dudwa Nationa
Park wherein livestock grazing and grass harvesting have been officially curbed for
more than 20 years (Plate 9.1). However, some level of illegal grazing in peripheral
areas and harvest of grass takes place. Occasionally, some grasslands have also
been harrowed by tractor and burnt to promote new grass growth. In view of the
above, the first experimental study on the tall grasslands in TCA was initiated in
1998 as a part of the major WII-USDA Forest Service Collaborative Project with the
Support of PA management. The experimental study aimed to assess the effect of
Various grassland burning regimes in TCA on grass composition, production and
Ungulate yse. Specifically, the study was planned to test the following hypotheses.

(i) Treatments would increase dry season forage for ungulates; and |

(i Harrowing and burning would simulate the agricultural processes formerly
keeping tall grasses down when people were allowed to graze and cut in the
Park, thus providing more forage and maintain composition in favourable
forage species.

34, .
1 Experlmental Design

T Lowland
"o e"pefimental sites were selected in homogenous stands of Upland and

r - iana block
gaSSIandS' "espectively in the compartment number 4 (Madria area), Sathiana
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Plate 5.1 - Grassland Management Practices in the TC
e TCA
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aracterizeq by the /m .
" . Perata ¢ylindrica —
pesmostachya bipinnata assemblage yhije the later type yygs Characterized py
sclerostachya fusca — Saccharym Spontan Y e

eum type of grass assempia
| ge. The
gathiana block of DNP used to pe the main Strongholg of SWamp deer (Schaller

1967). Schaaf and Singh (1976) Counted 627 Swamp deer in Sathiana areg ip 1972
while they estimated a population of 1200 degr, Later, Singh (1 984) counteq 950
swamp deer in 1977 in the same aréa.  The population drastically reduced i

subsequent years. Sankaran (1989) thus, counted 287 SWamp deer only in 1989
and estimated a population of 300 geer in the once prime habitat,

Split plots of 100m x 260m were used (Fig. 5.1
burning treatments. Three replicates of split
grassland  type. Each experimenta| plot was split into f
(100m x 50m) so as to provide four different treatments viz., (i) grass cut and burned:
(ii) grass cut, removed, and burned; (jii) grass harrowed and burned; and (iv) grass
burned as standing. The fifth block separated by a strip of 10m buffer was provided

experimental trial.

Fig. 5.1 - Layout of Experimental Design

— 260 m —>
? — ,
CONTROL CUTAND |cuT, HARROWED| oo
100 m UN-BURNT BURNT REMOVED |AND BURNT
AND BURNT

Buffer
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542 Field Sampling

February, and 5 February in 1998, 1999, and 2000, respectively. Thus, the
experimental treatments were continyeq for three consecutive years.

January, 1998 till the termination of experimenta] trial in January, 2001. Details of
different field assessments made during the three-year experiment are presented
below. In all, four sets of Mmeasurements were repeated every year i.e. in January,

life cycle of grass growth, grass production, grazing Occurrence, and seasonal use
by two selected wild ungulates. These four data sets included one sampling prior to
the commencement of experimental treatments each year and three times at an
interval of three months thereafter. As far as possible, all field data collection was
Undertaken and completed in the first week of corresponding month itself.

3.4.2.1 Biomass Production

Standing biomass was assessed in ten 1m x 1m random plots in each treatment and
“ontrol biock Standing biomass (live and dead) was cut at the ground level with
fickles ang Weighed in the field with spring balances. Subsequently, biomass was
“Orteq SPecies-wise and fresh weight for each species was immediately recorded.
Mmal| Sub-samp|es weighing about 100g of each species were chopped., tra.nsferred
?SeDarate Paper bags and weighed. These sub-samples were later dried in a hot-
" oven gt 80°C ang ultimately weighed to determine dry weight in each case. The
Valygg for the 19 Plots were averaged to yield a biomass estimate for treatment plots

at
sac SaMmple date.
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54.2.2 Phenology and Ungulate Use

Field data on grass phenology (sprouting, flowering,
and ungulate use was also collecteq jn €ach of the
and afterwards as in the case of standing biomass,

and senescence), grazing signs
Split block prior to the treatment

any confusion during the next reading.

5.4.3 Data Analysis

In all, 1830 plots (1m x 1m) were sampled in each of the grassland type for the
quantification of aboveground biomass (AGB) under different treatments. Thirty plots
were clipped in the control block prior to the initiation of experiment. Subsequently,
12 periodic data sets covering different seasons were collected from April, 1998 to
January, 2001 wherein 150 plots (5 treatments x 10 plots x 3 replicates) were
sampled at the time of each reading. The preliminary data analysis revealed that
there was no significant difference in values of total biomass among multiple plots
Sampled at any given replicate and year as well as treatment. Thus, values of total
biomass (dry weight) for a given treatment at the time of each reading for the Upland
and Lowland grasslands were separately summed up and a mean value with
' Standarg deviation was computed. Likewise, field data on relative pellet occurrence
for SWamp deer ang hog deer was also pooled together by adding values of pellet
9roup count in six belt transects of three replicates for corresponding treatment and

Periodicg) Measurement in each grassland type. The values of pellet density (Pellet
9roups/ha)

Were computed in each case.

Abovegrolmd biomass data set was later used to first investigate the effect of
treatments and seasons individually using 2-way Analysis of Variance (ANOV.A).
his Was followed by a multiple range comparisons for each grassland usnrlg
"Mhane T2 Test so as to see the effect of interactions among different treatments
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and seasons:  The SPSS/PC+ pagq Software was ygeq for all anays
(NorusiS, 1994). Two-way ANOVAs followeq p analysis

' rsons were
de on data sets on relative pellet OCcurrence, also
ma

55 The Results

The results illustrating the effect of different burnin
phenology, standing biomass, grazing intensity

below.

55.1 Aboveground Biomass (AGB)

The effect of four burning treatments on the total abovegroung biomass (AGB) in two
type of grasslands is presented in Table 5.1 lnterestingly, only a slight variation in
mean values of AGB in the corresponding control block of both the type of
grasslands was observed over a 3-year experimental tria, Accordingly, the
aboveground biomass, being 10.74 t/ha was registered in the Upland grassland prior
to the initiation of different treatments (January, 1998) while the corresponding value
in the case of Lowland grassland was 24.66 t/ha. Hence, values of AGB were nearly
2.5 times higher in the Lowland grassland than the Upland grassland. In contrary to
the control, valyes of biomass were markedly lower in all the treatments three
months after the initiation of experimental trial or once the treatments given. The
Values of AGB in the Upland grassland, therefore, ranged from 2.72 t/ha to 5.09 t/ha
in the foyr treatments in the month of July. The lowest value was registered in the
harr OWed-burneq treatment, presumably as a result of the late response of different
Jrass Species ang their delayed sprouting after the disturbance of sub-soil by
"atrowing ag Well as likely uprooting of grass tussocks along with the rhizome. The
Nighest value (5.09 tha) in burned treatment in comparison to other three treatments
N be Altibuted to the fact that in burned alone treatment, some portion of culms
;Z:]?;”ed Un'burned and there was also prompt grasjs Spf:::i: ::]dﬂ;jt-b:neoj::-r
Urnedg 'eading to higher standing biomass. While in C%l  cums a5 grass v
thg, . MeNts, there was hardly any remnant portion o -

Sithey Completely cut at the d level or removed once it was harvested. Similar
Patt Sk lowest values of AGB

"M was Observed in the case of Lowland grassland. The
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ore gistered in the harrowed-burneg treatment. Drast
e

piomass A i harrowed-burned treatment, N
; « M0
rapid gain in total aboveground biomass in subsequen Wever,
a

ic reduction jn the Standing

1 — Effect of Grassland Burning Practices on the i
Table 3.1 = P ecorded During the Period: 1998.2001 ' °Ve9round Biomass (thg)

October (1998-2000) 25.78 +0.22 | 22.41+0.37 21.78 +0.34 | 19.10 + 0.42 | 23.63 +0.32
January (1999-2001) 25.88+0.19 | 23.92+0.55 | 23.66 +040 | 21.39+0.60 | 24.26 + 0.67

[’ST_ [ Period Control—T ¢ Treatments
No. ut - Cut- Harrowed - Burned
Burned Removed - Burned
Burned
A. | Upland Grassland
1" | January (1998) 10.74 + 0.36 [ 10.74 2 0.35 Fm(mfm
2 | April (1998-2000) 10.87 + 0.19 | 4.49+ 010 mmm
3 | July (1998-2000) 1094+ 019 | 6.13+017| 5975017  5382012] 68210151
4 | October (1998-2000) | 11.07 + 0.21| 960 $021| 947+020] 851+045 9.72 +0.19
5 [January (1999-2001) | 11.14+0.36 | 1 0.12+0.29 | 10.02+0.20 | 982 +0.14 | 10.10 + 0.29
B. | Lowland Grassland
1| January (1998) 2466 +0.54 | 24.66 1 0.54 | 24.66 + 0.54 24.66 +0.54 | 24.66 +0.54
| 2 | April (1998-2000) 25.32+0.21| 6.83+0.25| 658 024 | 359+0.19 | 14.22 +0.24
3 | July (1998—2000) 25.58 +0.37 | 10.21 029 | 977+022| 7.78 +0.18 | 17.30+0.37
4 |
5

In order to get a better understanding of the effect of four treatments on AGB, the
Values of Percentage change in the aboveground biomass in relation to the initial
'+ Control werg worked out (Fig. 5.1). Different treatments resulted into substantially
"Sduceq Standing biomass immediately after each of the treatment. Biomass in the
lang drassland was as low as 25% in the harrowed-burned treatment in April
onth, followeq by 39% in cut-removed-burned, 41% in cut-burned, and 47% in
Pumeg Ireatments, respectively. In later months, rapid recovery in the standing

e

; B in
Ief ont treatments, only a marginal difference of maximum 16% lower AG
tle

Lowland
9 s to control was observed in the harrowed-burned treatment. The iod of
" rio
aSSland 8lso fésponded in a similar manner to the four treatments over a pe

% was recorded in
ars. In this case also, the lowest biomass as low as 14%
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harrowed-burned plot immediately after the
the land grassland, the harrowed-pyrneq trea
of UP ss almost comparable to other three treat
oma

treatment.
tment Subs
ments,

However, as in the cage
€quently gaineg standing
bi

effect of different burning treatments on the ab
e . , .
Thd Lowland grassland was investigateq using 2-way ANOvA
an

Table 5.2

5.2 — Results of Analysis of Variance (ANOvA
Table . (AGB) in the Upland ang Lowland G
Experimental Design

) for Aboveground Biomass
asslands in Split-Block Burning

iati Significance
f Variation Degree of

| Bous Fredom (df) (p)

A. Upland Grassland

Model 20 226.2 000
] OO***

Treatments 4 387.7 0 -

Seasons 4 585.8 .(())(()J((:***

Treatments * Seasons 12 45.5 J

Total 1830

B. Lowland Grassland -

Model 20 605.2 .000
.000***

Treatments 4 1174.8 -

Seasong 4 1417.5 .(())gom

Treatments * Seasons 12 131.7 :

Total 1830

- Signiﬂcant at the 0.001 level

_ ts and seasons
The Null hypothesis tested to prove that there is no effect of treatm::cted Siforent
oN the abovegroyng biomass in both the type of grasslands W?S ;njts * s;a,asons on
treatmentS, four periodical seasonal data (Seasons), and Treadm showed significant
the abOVegroun d biomass in the Upland and Lowland grasslands
UMerence o the 0.05 level (Table 5.2).
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rig. 51

. Percentage Change in the Aboye Ground Biomgagg of

owland Grasslands Consequent to Dj Of the Upland ang
the Period : 1988-2001 ierent Burning Treatments During

f’, Upland Grasslang
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5
o
Treatments
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: :
0 o m
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e
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Table 5.3 -  Multiple Comparisons for the Aboveground Biomas

"—TTeatment 0] Treatment (J) Upland Grassiang Lowland Grassiang
Mean Significance Mean Significance
Difference (p) Difference (p)
(1) I-J
\(-)\\
Control Cut-Burn 340.0 .000*** 994.6 .000***
Cut-Removed-Burned 356.0 .000** 1055.8 .000**+
Harrowed-Burned 455.7 .000*** 1311.3 .000***
Burned 302.4 .000*** 471.7 .000***
Cut-Burned Cut—Removed-Burned 16.0 .998 NS 61.2 .961 NS
Harrowed-Burned 115.7 .000*** 316.7 .000***
Burned -37.6 510 NS 422.9 .000***
\
gut-Removed- Harrowed-Burned 99.6 .000*** 2555 .000***
urned *kk
Burned -53.6 .099 NS -484.1 .000
Harroweg. Burned -153.3 000 -739.6 000+
Burneq

- Significant at the 0.001 level; NS — Non-Significant.

Tamhanes T2 Test revealed that the values of AGB in January, 1998, i.e. the control
Plot prior to the initiation of experimental trial and at the time of termination of
experiment after three years in January, 2001, were not different in both the type of
Jrasslangs (Table 5.4). This amply explains that despite repeated four diffel"ent
Urning treatments for consecutive three years there was hardly any disce-rmble
.ifferenCe in the aboveground biomass. Likewise, there was not a significant
d'fference between the values of AGB recorded in October (1998-2000) and
JanUary, 2001 i

A

N the Lowland grassland.
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lef?:?nce gnl( l|=c):ance By ff:l%e:jae:ce Significance (p)

pe— April (98-2000) 525.1 T\{éo})? oo
July (98-2000) 369.2 .000** 1025.7 .000**
October (98-2000) 106.7 073 NS 184.4 014%%+
January (99-2001) 63.9 610 NS 154.7 .060*+

April (98-2000) | July (98-2000) 155.9 000"+ 211 [ ogom ]
October (98-2000) -418.4 .000*+* 1122.3 000
January (99-2001) -461.1 .000** 1152.1 000+

July (98-2000) October (98-2000) -262.6 000 -841.3 .000**+
January (99-2001) -305.3 .000*** -871.1 014%++

@tober (98-2000) | January (99-2001) -42.7 011%x -29.8 939 NS

*** - Significant at the 0.001 level; NS — Non Significant

3.5.2 Species Composition

Data analysis on the prominent grass Species that significantly contributed for the
total abovegroung biomass under the different burning treatments revealed several

Striking findings. These are described below individually for the Upland and Lowland
Jrasslands,

3.5.2.1 Upland Grassland

mper, ala ¢Ylindrica ang Desmotachya bipinnata were two prominent grasses in the
Uplang grasslang stand, which was given four different burning treatments from
%% to 2000. In general, the aboveground biomass contribution by /mperata
Vincricq "as nearly three times higher than Desmostachya bipinf1ata. lmpe;’ata
Vlindrice, "®Qistered a considerable decline (40-53%) in AGB '”_ all the :hu;
treatments at the eng of three consecutive years of experiment (Fig. 5.2:]‘.18 o
greatest loss of AGB, being 53% was in the harrowed-burned treatment whi
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inimal loss (40%) was in the burneg alone tre
:e time of termination of experiment Showed 4
t . e
han what it had at the time of Initiation of the €Xperiment.
on the contrary, the other prominent grass i.e. p
39 to 37% incre

However, a multiple comparison showed no significant differences between the cyt-
burned and cut-removed-burned treatments on AGB of two grasses. The multiple
comparison between the cut-burned and burned alone treatments in the case of
Desmostachya bipinnata also showed no significant difference (Table 5.6).

5.5.2.2 Lowland Grassland

Sclerostachya fusca and Saccharum harenga were the two major grasses in the
Lowlang grassland contributing >80% of the total aboveground biomass.
Sclerostachya fusca contributed nearly double AGB than Saccharum narenga in all
the cases, Generally, the grass composition under the different treatments remained
Unaltereg eXcept in the harrowed-bumned treatment wherein after the second year
featment Desmostachya bipinnata suddenly appeared and eventually established
(Fig. 53). ltis Noteworthy here that Desmostachya bipinnata was otherwise absent
N the Lowlang grassland. Definitely, Desmostachya bipinnata is an undesirat?le
ass SPecies in Lowland grasslands, being a coarse and unpalatable species .on its
Maturiy, lts presence also indicates retrogression of such grasslands. As in the
5 of total aboveground biomass and grasses in the Upland grassla.nd,
c/erosl‘achya fusca and Saccharum narenga registered a considerable reduction

: ' four
%o 92%) in values of the aboveground biomass immediately after the

Urn; howed gradual and
g reatments (Fig. 5.3). However, the control block s

; . imum reduction,
Alincrease in AGB till the completion of experiment. The maxi
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T g

eatment immediately after the treat I
purned tr , _ Ment j.e, Was followed by 4
gradual increase In AGB in all the cases tj|

| the last measurement.

gradual increase, three times consecutive Similar treatments during 1998-2000

Jtimately led to a 15% to 479 reduction in AGB of Sclerostachya fusca in the
purned and harrowed-burned treatment, respectiv

ely. Likewise, Saccharum narenga
obtained a reduced AGB to the extent of 15%

to 53% in the burneq and harrowed-

Grassland
Source of Variation Degree of Freedom T\FRW(W
___(df) (p)
A.Imperata cylindrica
Model 20 408.4 000"+
Treatment 4 1315.8 .000***
Season 4 613.2 .000***
Treatment *Season 12 20.8 .000***
Total 1830
B. Desmostachya bipinnata
ol 20 2371 000"
Treatment 4 1226 .000**
Season 4 781.9 .000***
Treatment *Season 12 92.1 .000***
T 1830

- Signiﬁcant at the 0.001 level

The ANOVA résults showed highly significant differences in the aboveground
tlomass Of Sclerostachya fusca and Saccharum narenga under the four different
“alments ang Seasons (Table 5.7). Like the Upland grassland, in this case also

) Multiple COMparisons showed no significant 2-way differences between the cut-

8).
"Meq and cut~removed-burned treatments on AGB of two grasses (Table 5.8)

Q
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Table 5.

6 — Multiple Com

Parisons for

|'Q

Table 5.7 — Effect of Different

** - Significant at 0.001 lével; NS - Non Significant

—— =

the

A Above :
cylindrica and Desmostachya biping, a;qt; OUi:l]d t hBlomass of Imperata
Among Different Treatments Using Tamhane’g T2 ee Utpland Grassland
S
t]  Treatment [ Imperata sy
Treatmen /lindricq M
q" () o ff;llean Significance (P) Mean OStaChs.a bipinnata
erence Difs. Ignificance (p)
I-J ?:tjence
Cut— Bumn 3144 | oo —+—0 |
ontrOI | 000 ! o,
C Cut - Removed - 336.5 .000**+ 49\2 200
Burned w4 Aog*=
\\
Harrowed — Burned 416.6 W 17.1 050
Bumed R Ny gy
_ \ e .
- Cut — Removed 22.1 S02Ns [T g
B%l:ned Bumed 8.8 .626NS
\
T Harrowed — Burned 1021 | ogom 321 0007
Burned -34.3 010**+ 6.8 ..812NS
Cut— Harrowed -Burned 80.1 .000** -23.3 008**+
Removed - .
Burned
Burned -56.4 .000*** 15.6 017+
Harrowed | Burned -136.5 .000**+ 38.9 .000***
- Burned e ]
—_— 1 ]

Burning Practices on the Aboveground Biomass of

Sclerostachya fusca and Saccharum narenga in the Lowland Grassland in

a Full Factorial ANOVA Desi

gn

fm Degree of Freedom F Ratio Significance (p)
(df)
A Sclerostach ya fusca
Voda] 20 780.6 .000***
oo . 1415 1 006
Season 4 Ao i
Treatment *Season 12 120.9 il
Totg 1830
B. Saccharum narenga -
Mogg 20 1036.4 .000**
Treatment 4 e o
Season 4 21734 =
Treatrnent Season 12 = —
"TOtal 1830

- S‘
Onificant atthe 0.001 Jevel
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- Multiple Compari

Table 5.8 fuscapand Satharstmsn;zng‘:iAboveground Biomass of
Treatments for Using Tamhane’ s" ;'hZeT Ozvland GrasslandOA r:;:;er%s:?chya
es g Different

Treatment () Tfea(j’)“ent Sclerostachya fusca
IJ (P) Differonce | Sigicancs—
Cut - Burn 4828 W ) (P)
- . \
Cut - Removed - 486.6 000+ 326.8 000+
Burned -000 3403
control e - .000*++
Harrowed — Burned 748.7 W
e L0 | )
Burned 306.4 OOO.** 513.1 .Ooo‘l'l'
Cut—Removed— | 35 ] - 2272 000++*
8 1.000NS '
Burned 13.5
Harrowed — Burned 265.9 000**+
I : 186 *kdk
Burned -176.3 .000** 9 2 08
Cut-Removed | Harrowed -Burned TW 25 000"
-Burned Burned TOZ . 172.7 .000**+
-180. 000+ -113.1
. .000*+*
Harrowed - Burned 442 3* \m'\\
Humed 3 .000 -285.8 .000***
** Significant at the 0.001 level; NS-Non Significant g\—l\

5.5.3 Phenology

Generally, perennial grasses in the unmanaged Upland and Lowland grasslands
.start Sprouting from the base of old tussocks immediately after the onset of monsoon
" the month o July and thereafter continued growing till the end of rainy season i.e.
September. Thus the rainy season (July — September) was the active growth period
:zlrk:cvz:sjor ity of grasses and other plants growing in tall, wet grasslands. This was
by mid o y the Senfescence and the Upland grassland started looking pale and dry
_ Clober while the Lowland grasslands remained green for a much longer
:ilsczr:“ the end of November or beyond depending upon the available soil
With ing ) Usually, both the grassland types also had peak flowering and were. full
" orescence dur ing August-September. The Upland grasslands were in a
:::;Z:: :)0 be burned after mid December while the Lowl.tamd grasslands could.be
folloWed smed in-mid January depending upon the moisture content. BurmrTg
promoted ny OCcasional winter rains i.n .the months of Jinuary;:zzru?erinasstlz
aMch of eeW grass growth and in majority cases new flush rem g .

arly April. However, even this phenomenon could be observed in later

mon . -
e Gep €nding upon late grass burn and available soil moisture. The following
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5,5.3 1 Upland Grassland

imperata cylindrica was the first to respond anqg Sprout in earl
four prominent grasses of the Uplang grassland after gj
given. It promptly sprouted in the burned alone and cut-

y February among the
fferent treatments were
burned treatments probably

sprouting in the harrowed-burned treatment, The Cut-removed-burned treatment was

last in the sequence to respond. The overall time difference in Sprouting among the
four treatments was of maximum 4-5 days, Intensity of sprouting was much reduced
in the harrowed-burned treatment among the four treatments due to obvious
disturbance of tussocks and rhizomes by harrowing. Except in the harrowed-burned
treatment, Imperata cylindrica began to flower by the end of February and its
senescence started in March. Desmostachya bipinnata and Vetiveria zizanoides
responded simultaneously and sprouted by the end of February. These grasses
ramained tender for much longer period in the harrowed-burned treatment and thus,
there was delayed senescence. Saccharum Spontaneum was last to sprout in March
and by this time, Imperata cylindrica, Desmostachya bipinnata, and Vetiveria
Zizanoides were in profuse flowering. This way, staggered response of four species
Was quite evident after the four treatments. Olax nana, a undershrub was commonly
9rown in all the treatments and control block except the harrowed-burned treatment
in summer months. Herbs viz., Eulophia flava and E. homusjii have prominently
%Ppeared in summer (April-May) months in the control plot as well as in the
harroWed—burned and burned treatments. These two herbs were not favoured by

the CUt~burned anq cut-removed-burned treatments.

5,
32 Lowland Grassland

Upland
OWlang grassland showed a much delayed (15-20 days) response than the Up

charum
"esslang after the four different treatments. Sclerostachya fusca and Sa:r s
n . wever,
enga Were first to respond and they sprouted in late February. Ho

; , rowed-burned
SCiag Sprouteq little later in the month of March in the case of har
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iment. As in the case of the Uplang drassland, Saccharyp, SPontaneum wag |ast
fre prout in April. Cyperus kyllingia (Cyperaceae), Selinum monnieri (Apiaceae)
to $

rusely grown in the cut-burned and CUt-removed—byrmeq reatments in symme
pro

.
1. May) months. In addition to thege two plant spe
(Apri-

cies, Solanum Surattense ang

tment lacked occurrence of such herb, undershrub ang sedge species. The
trea

cutting, removal ang harrowing
favoured such unpalatable species. Lygodium flexyo
av

Sum, a fern species commonly
urred in the control plot and the burneq alone ftr
occ

eatment during rainy and post-
iny seasons. However, it was conspicuously absent in the Cut-burned, cut-
rain '

oved-burned, and harrowed-burnt treatments during the rainy season due to the
rem - ’ . 0
xposed ground situation. Once grasses have grown therein during the post-
e
season, Lygodium flexuosum was seen in such areas also.

rainy

5.5.4 Ungulate Use

Values of the relative pellet density (pellet groups/ha) for swamp deer and hog deer
were computed on the basis of pellet group counts in the Upland anfi Lowland
grasslands given different burning treatments for three consecutive ye:rs
(1998-2000). The results are presented in Fig. 5.4 and 5.5. In general, trfe rctala t::
bellet density for both the wild ungulates was low in January, 1998 pm: Oellet
Commencement of experiment trial. The relative grassland use t.)ased o: tt eszt .
Counts increased many folds in all the four treated are?s in the firs =
assessment i.e. in the month of April immediately after the different treatm: control
Given, However, there was a marginal change in the caée 4 unm:ngizvber, and
block The ungulate use gradually declined to low levels .m e 2001. These
ﬂ”a"y to the lowest level closer to the initial control I_evel ) Ja:::tr};r,]onths. Before
retrogressive changes reflect the gain in grass height in Suzse:igh' after the different
" COmmensement of reatments the grass height was q:rlw:ir pelatabity was it
hri::tments grasses were short and in thé ea:rlysr::,ntt:: grass height increased and
due tg tender green shoots. As the time lap

o 3 lative
: decline in the re
° palatab“ity decreased and this was accompanied by 2
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et occurrence. Specific observationg made in the
pe

; case of Upla
asslands after different treatments are describeq belo Pend and Lowiand
r

W.

5.5.4 1 Upland Grassland

The Imperata cylindrica—Vetiveria zizanojges communi

burned alone treatments than the two other treatments (Fig. 5.4).

ANOVA results showed a highly significant difference between all the treatments and
seasonal use of managed Upland grassland by swamp deer and hog deer
(Table 5.9). The multiple comparisons among treatments revealed a highly
significant difference in use of the control vs. treatment plots. However, a 2-way
comparison between any two treatments showed a non-significant difference in the
use of managed Upland grassland by two wild ungulates (Table 5.10).

9.5.4.2 Lowland Grassland

The relative pellet occurrence of swamp deer and hog deer substantially increased in
the four Managed Lowland grassland plots than the control plot immediately after
ey were treated (Fig. 5.5). The values of relative pellet density ranged from
%3 pellet groups/ha to 172.5 pellet groups/ha in the burned alone and cut-burned
"eatments, respectively in April (1998-2000). This was followed by a considerable
“ecline in the ungulate use in all the four managed Lowland grassland plots.
Sradua decline further continued in all the cases even in the month of October
(1998.2000) and finally the lowest values were recorded in January, 2001 after thte
e years of repeated treatments. The open ground situation e thT i:d
tumed' CUt‘remOVed-burned, and harrowed-bumned treatments was mor: si:siing
han the burneq alone treatment. Both the ungulates used open areas 1or

Whilg the values of pellet counts in
New tender shoots for foraging. In all the cases,
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anaged plot (control) remaineq low. Thege low v
e unmthat’the unmanaged grasslang continued to hay
he fact Id not attract swamp deer anqg hog deer, |t
which C-(t):ation might have also affecteq ap effi
grai‘j::J locate pellet groups and count them in
easl

alues can pe attributed tq
e tall, dense Coarse grass,
is also Possible that the dense
cient counting of pellets While it was
the four Managed grasslang plots.

ANOVA results showed a highly significant differenc
- p deer and hog deer under the foyr different treatm
swam

land. ~ There were highly significant difference
rassland.
3eatments and seasons (Table 5.11).

e in the pellet counts of

S between the different

Likewise, the Multiple comparisons between
he different treatments revealed highly significant differences in
the

es. However, there was no significant difference between th
cases. ’

the majority of

e relative pellet
currence in the cut-burned, cut-removed-burned, and harrowed-burned treatments
oc

based on the multiple comparison using Temhane's T2 Test (Table 5.12). In other
ords, except the burned alone treatment, rest other three treatments provided more

words, ' |

or less similar favourable conditions to two ungulates for resting, foraging and cover.

Table 59 — Effect of Different Burning Practices on the _ReltaliveUPle;:‘eJ
- Occurrence of Swamp Deer and Hog Deer in p
Grassland in a Full Factorial ANOVA Design

mVariation Degree of freedom (df) | F-Ratio Significance (p)
u W < L *kk
Modela = 24 24.257 .000
.000***
Treatments 4 28.477 o
Seasong 4 72.112 -000*“
.366 .
Treatment *Seasons 12 6.3
Total 366
i Hog e 10.7 .000***
! 2 ' 000"
e — 2 6.8 900
e — 4 32958 000"
Fement Seasons 12 ‘
1ot 366

* Highly Significant at the 0.001 level
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- Itiple Compariso
510 — Mu ns for the ;
Table Swamp Deer ang Hog Deer inRtei::tlne Pellet Occurrence of
Tamhane’s T2 Test Pland Grasslang Using
t | Treatment Swamp Deer
reatmen — - M
T ) (J) Mean Significance ?H"g Dger.
Difference Bt Significance
-3 (p) Difference (p)
Cut-Burn -.723 W\_%‘JOSL\
| X . ddkk
Cut. ~612 000 g7gp——20™
Removed- 000
Control Burned
Harrowed- -1.001 WT&SO\W
Burned ' 00
Burned -1.015 .000*** me
Cut- -278 691 NS -009 | 1.000NS
Removed- 1.000 NS
Burned
Cut-Burned | Harrowed- -.278 691 NS -.009 .994 NS
Burned
Burned -.292 .563 NS -.1944 .755 NS
Cut- Harrowed- -.389 109 NS .1528 .850 NS
Removed- | Burned
Burned Burned -403 .109 NS -.009 .993 NS
Harrowed- | Burned -.001 109 NS .009 .995 NS
Burned

** Highly Significant at 0.001 level; NS-Non-Significant.

Table 511 — Effect of Different Burning Practices on the Relative Pellet
Occurrence of Swamp Deer and Hog Deer in the Lowland
Grassland in a Full Factorial ANOVA Design.

"\ . .
Source Degree of freedom (df) | F-Ratio Significance (p)
A. Swamp Deer
Model 24 15.0 .000***
Treatments 4 14.4 .000***
SeaSOns 4 49.9 '000***
Tr €atment *Seasons 12 3.9 .000*

Tma'\ 366
B‘ Hog Deer %%k
Mode| 24 31.9 .000
Treatments 1 39.3 .ooom

W 2 90.2 0

N 9.1 .000***

Ton ot *Seasons 12 '

‘IOtal 366

“Highly Signr

Cant at the 0.001 level
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- Itiple Comparisons f
512 — Mu or Relatjye
Table Deer and Hog Deer in the Lowlang Fg.er"et Occurrence of Swamp
T2 Test assland Using Tamhane’s
Sment | Treatment Swamp Deer T
Tre (J) | Mean [ Siguw Hog Deer
(1) , 'Onificance | poa——mr— |
Difference (p) Differ an Significance
a-J) eénce (lJ) (p)
Cut-Burn -751 | oo T—mm— |
Cut: - B
Removed- ' .000**
trol Burned
Gor Harrowed- -.654 .000*** WW
Burned | 000
Burned -.251 .026*** 5\13W
Cut- 306 MONS |3 T ;s
Removed- '
Burned
cut-Burned | Harrowed- .009 999 NS .004 1.000 NS
Burned
Burned .500 .000*** .001 000
Cut- Harrowed- -.208 571 NS -.389 494 NS
Removed- Burned
Burned Burned 194 .369 NS .583 .002**
Harrowed- Burned 403 .004** 972 .000**
Burned

*** Highly Significant at 0.001 level; NS-Non-Significant,

3.6 Discussion

The present Management oriented experimental study was probably the first attempt
in the Indian Terai to investigate the effect of different burning regimes over a period
of three consecutive years (1998-2000) on the species composition, aboveground

biomass ang ungulate use in the Upland and Lowland grasslands.

The earlier two well documented studies (Lehmkuhl, 1989; Peet et al., 1997) were
“Mdertaken in the Chitwan National Park and Royal Bardia National Park,
"*SPecively ang both were thus, confined to Nepal. Lehmkuhl (1989) examined the
PMects of fire and by grazing wildlife herbivores on aerial net primary production and
aNnyg) herbage dynamics in three major grassland types viz. Saccha'rum
sponta"e‘lm, Saccharum narenga, and Imperata cylindrica. Basically a SRpAr=a

: lots was
between the early bured and late burned and grazed with ungrazed plo N
Madg, Gra pared to late burns. The reas

Zin i arly burns com L
Aty 9 was short-lived on early which is

rned early,
®dfor this was that the area surrounding the plots was bu
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5.4~ Effoct of Diﬁerec'l‘ t|-|Bumi“9 Practices on the Relative pej
Fig- amp Deer and Hog Deer in the e Pellet Dens;
Sw Upland Grasslands ty of
/ \
—
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ig.55~ Effect OB l:;f:t:r:gtH%ungng Practices on the Relative Pejlet p
[ - .
F swamp 9 Deer in the Lowlanq Grasslang ensity of
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saccharum narenga biomass. In the case
production was 81% of early burn production; unburned
purn production.  Grazing removed the greatest bj

by older and less palatable forage.
No significant fire and grazing effects were found with Saccharum harenga standing

biomass. Lehmkuhl (1989) highlighted problems with the Saccharum spontaneum

experimental plot. Villagers and departmenta] elephant handlers Surreptitiously cut
grass from the plots, and ruined the treatment design, Large herbivore grassland
consumption in the study area averaged 6% of the aboveground production. The
literature reports less than 10% consumption for most natural grazing systems,
except the Serengeti.

Peet et al, (1997) carried out a randomized block experiment with four treatments
(cutting, burning, cutting and burning, and no management) to examine the effect of
these treatments on plant species abundance, species richness and grassland
structure, The Studied grassland was dominated by Imperata cylindrica. The study
"®Vealed that in the year three, two years after first treatment, Imperata cylindrica
*Mained the dominant grass species under all treatments, but increased in
abuhdance in Unmanaged plots and declined in abundance in managed plots.
Desmostachya bipinnata showed the opposite response. Plant species richness
"3 significanty higher in managed plots, which were structurally more

in cuttin
#erogeneoys, Interestingly, no significant difference was documented in cutting

. he study
flone, burning alone and cutting and burning combined. Further, t

tation
9esteg that patches of grassland could be left unmanaged on a two year ro

Wi nity, thereby
DrlthOt Signiﬁcanﬂy altering the composition of the plant community

OVid :
ing "®fugia for cover dependent faunal species.
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i the afore-described studies (Lehmkuhy, 1 989:
Bo

Lehmku ,

stren Uhl (1689) n o
yas of just one year and productivity estimates were made in smai twan Np
ose have their own limitations. For thjs reason, the study re ged plots

Rodgers, 1986; Deb Roy, 1986). Whilst Peet et g/ (1997)
offect of different cutting and burning treatments on only one of the grassland
assemblages recognized in the Royal Bargig National Park je, Imperata cylingrica

could investigate the

grassland.
The present study made the following noteworthy findings:

5.6.1 Species Composition and Standing Biomass

% Primarily three grasses Viz., Imperata cylindrica, Desmostachya bipinnata, and
Vetiveria zizanoides contributed overwhelmingly to the vegetation cover and
standing bomass in the Upland grassland whilst Sclerostachya fusca, Saccharum
harenga and Saccharum Spontaneum were the main contributors in the Lowland
grassland. The dominance of these species was maintained under all the
treatment regimes despite repeated treatments for the three consecutive years.
The only ©xception in the present study was of the harrowed-burned treatment in
the Lowlang grassland wherein Desmostachya bipinnata has suddenly appeared
immGdiately after second treatment and continued to grow and gain standing

biomass il the termination of experiment.

\)
Q"

The Managed (treated) plots showed an increase in the number of undershrfi.bs,
herbS, Sedges and ferns. Thus, treated plots were heterogeneous in composition
ang structurally while the unmanaged plots were more homogene?us. Th:
increase in number of herbaceous and other species was a resnflt of dlsturbanc:n

y differen burning regimes. These disturbances resulte(? in an mcr:ased ::gier
° Manageq grassland plots and decreased the density of canopy.

: . ter capacity to
MWeles haye inferred that the herbaceous species had a grea
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Different burning regimes yielded substantia]|
immediately after each of the treatment

aboveground biomass, being 16% was registered under the harrowed-burned

treatment given to the Upland grassland. The Lowland grassland also responded
in a similar manner in response to four treatments over g period of three years
and there was a maximum decline of aboveground biomass to the extent of 149,
Thus, marked negative effect of the harrowed-burned treatment on AGB was
evident in both the type of grasslands and also at ]| stages of the experiment.

Results of Analysis of Variance (ANOVA) showed significant difference among
four treatments and their effects on the aboveground biomass. However, the
multiple comparisons among them using Tamhane’s T2 Test showed that there
was no significant difference between the (i) cut-burned and cut-removed-burned:
(ii) cut-burned and burned: (iif) Cut-removed-burned and burned alone treatments
on their corresponding values of AGB in the Upland grassland. Likewise, the cut-
burned and cut-removed-burned treatments in the Lowland grassland also had
No significant difference. This, revelation is more or less in conformity with the
sarlier findings of Peet et al. (1997) wherein it was clearly illustrated that there
"as no significant difference in cutting alone, burning alone and cutting and
burning combined. In short, in the present study all the four treatments except
e harrowed-burned treatment yielded more or less same aboveground biomass
indicating that other three treatments resulted almost similar effect on AGB.

i osition
NeVertheIess, the effect of four burning treatments on the species C;mpty e of
: : e
and Standing biomass of major grass species was prominent in both tribu::)r .
i n
9rasslangs. Imperata cylindrica, the dominant as well as il

. iderable decline
the Standing biomass in the Upland grassland registered 2 con5|der:d of three
e
(40'53%) in its aboveground biomass in all the cases at the
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consecutive years of repeated treatments, The m
the harrowed-burned treatment While the Minima|

| loss (409,
rreatment. In opposite, the contro| block attained 109,

experime”t' In contrast to the Imperata Cylindrica, Desmostachya bipinnata
showed gain in its aboveground biomass ranging from 1% 1o 3704 i, three

treatments (cut-burned; cut—removed-burned; and cut-bumed) ang the control

tment indicating that the
chya bipinnata by replacing

The maximum gain was in the harrowed-burneq trea
harrowed-burned treatment favoyred Desmosta
Imperata cylindrica.

+ The burned alone treatment was the only exception Wherei
bipinnata also registered a decline by 4% in its abovegroun

n the Desmostachya

d biomass at the end
of three years. The above loss of Imperata cylindrica and gain in the case of

Desmostachya bipinnata can be attributed to the fact that the former is a sod-
forming species that grows in dense swards (Lehmkuhl, 1989). Desmostachya
bipinnata and other grasses viz., Vet('veria zizanoides, Saccharum Spontaneum
and Saccharum narenga have a clumped habit often with wide spacing between
clumps. Imperata cylindrica is known to be very susceptible to shading; perhaps
the dead material on the unburned (control) plots and burned alone treatment
with remnant unburned portions shaded the surface sufficiently to depress
Surface temperature, nitrogen mineralization and growth from basal meristems
(Weaver ang Rowlands, 1952; Lehmkuhl, 1989). Thus, on one hand the shading
effect must have influenced new growth and AGB atleast in the case of unburned
| control block while on the other hand intense grazing and utilization of new
growth by wilq ungulates in the four burned treatments on the other hand might
have résulted in reduced AGB of Imperata cylindrica. However, it can be inf‘e.rred
that DeSmostachya bipinnata was definitely favoured by the open Cond't":::s
Created in the Upland grassland by different burning treatments except the

bUrned alone treatment.

Strikingly, Desmostachya bipinnata which was otherwise absent |:19t:8e :(:,‘:ﬂ:,;:

drasslang Prior to the commencement of experiment in January, n ,oppOSite.

emerged and established in the harrowed-burned treatmelnt. ot i the
C/erostachya fusca and Saccharum narenga were adversely a
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5.6.2 Phenology

«» Broadly, all major grass species in both the
variedly under the different burning treatments,

to different treatments in comparison to the Upland grassland. Sclerostachya
fusca and Saccharum harenga were first to sprout while Saccharum spontaneum
was again last to respond as in the Upland grassland. Ojax nana, a undershrub
and herbs viz., Eulophia flava and E. homusjii occurred solely in the managed
Upland grassland plots while Cyperus kylingia, Selinum monnieri, Solanum
Surratense, and Argemone mexicana exclusively appeared in the managed
Lowland grasslands. Lygodium flexuosum, a fern species commonly occurred in
the control plot and burned alone treatment of the Lowland grassland. The
Species was conspicuously absent immediately after the cut-bumned, cut-
fémoved-burned, and harrowed-burned treatments. However, once grasses
have grown in these treatments by the post-rainy season, Lygodium flexuosum

found favourable conditions to grow even in such managed areas.
56.3 Ungulate yse

* The Managed Upland and Lowland grassland plots distinctly favoure.d wild
“"Qulates, particularly immediately after the treatments were given and during thz
SUmmer Season. Thus, the management objective of promoting new gr owth ar;_
Palatah)g grass during the lean season was definitely achieved. The harrc;v;/eby
Pmeg and burned alone treatments in the Upland grassiand wer. % I 1= toor
"oth the W“d ungulates based on their relative pellet occurrence 1.e. s:v::aptmem
nd hog deer. Even in the Lowland grassland, the harrowed-burne
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S
-

d faVOUrable to Swa“'p deer and “09 deer. Ho
ine
remal

Wever, the burneq alone
i ided. Instead in this case
as relatively avoi ,

the cut-
trea

burned treatment
latively selected more based on the observatig

a
was e

NS on pellet OcCcurrence,

' lications
nt and Conservation Imp
Manageme
5.6.4

t study on one hand has allowed severg| interesting observations anc?
The presen ings as in the previous studies (Lehmkuhl,1989; Peet of al., 1997
snifoart Tne ngs 1997) while on the other hang has posed a number of issues
Karki, 1997; Ghosh, ement of tall grasslands ang conservation of biodiversity..
relevant to the ma”i?ibed three major grassland experimental studies in the Terai,
Despite the.afore-des wer the basic premise: (i) Whether the continuous £?,rass ?Ut
tis st difficult to. - re harmful to grassland diversity and productrivity?; _(.!l) Wh.ICh
(harvest) and burning at is ideal for the long term conservation goals?; (l.") Wh"cr;
managemeflt tlteatmen favourable and less harmful i.e. early or late burn?; andﬂ(;vn
s open i more nt management practices on the species of 'conser\:.a o
el th effect of curre known in the absence of adequate information?.
Sneem as well as lesser o rovide a better insight on the above
Nevertheless, the following section attempt.S o tion and present findings.

Premise based on the synthesis of existing informatio

sslands have revealed
A large number of researches on the Contem‘porary -gra;us grass harvest, wide
deletegrious r:ffects of well known disturbances. VIZ;QC;C:tczgle, 1974; Heady, 1975;
Spread burning, and heavy grazing (Daubenmire, fon '1979; Mishra, 1982; Brown,
Pandeya ef 4, 1997; Coupland, 1979; MCN.aughus)’m), Lehmkuh (1989), Brown
1997). However, studies by Karki (1997), MlShraTera:i system is maintained in palrt
(1997)' ostet 11997) have i”dicate(: thac:ftr:i}omalss removal are not ;;\r/‘elf::
b hy i tion, and current rates ices bring benefits to
affecﬁ::;a:a:'n;i;vsesrl]ands. Instead the current practices

"Munitieg ' din
an tainable, an
he practices are sus
\CNO Idlife. However, whether the pr
Unitj d to wildlife. : |
hey can b ' uestion.
" Y they e regulated, is open to q
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sent study has also revealeg that at the e
pre : . ,
The-ﬁcant difference in the overa]| standing biomass among the foyr treatments
sign! ompared to the control plot. At the Same tim

when ©

nd of three years, there was no

ed plots, particularly the harrowed-burneg treatment,
e f the Upland grassland predominated by Imperata
Changeta(i:hya fusca, Saccharum narenga ang Saccharum spon
f;::,;onsd grassland to Desmostachya bipinnata due to repeate
reatment is @ major management concern. This calls for g regul
species composition and their abundance.

The resultant likely
Cylindrica and the
taneum dominated
d harrowed-burned
ar monitoring of the

ltis also clear that ending the current practices of cutting and burning wo'uld remove
the benefit of new and palatable grass to ungulates during the lean pel-’lod. Grass
removal and burning are also helping in controlling hotter and. destructive summer
fires by reducing fuel loads. Local communities wherever permltt.ed \.Nc.>uld no longer
be able to cut and collect grassland resources. Therefore, mal.ntalnlng the status
quo, by annual cutting and burning would provide ungulates with Sl.lmmilj f?rgzg;
from the regenerating grassland (Lehmkuhl, 1989; Peet et ?I., 1997; Ka; ;;Stence,
Mishra, 1984; Deb Roy, 1986; Rodgers, 1986) and an important su

résource to local communities.

. : t one
Atleast three studies (Lehmkuhl, 1989; Peet et al., 1997) lncmd:'ff::nf :::trr;ents
have Clearly demonstrated that the short term variation between V\:ere insignificant.
(Cutting, grass removal, burning) in studied grass.land: | trials the biomass
Interestingly, Over- a short period (2-3 years) of experimenta los comnain,
eMova Of Whatever form resulted into a more or less same -:,Ztion of experiment.
abu"daﬂce, Structure, and standing biomass at the time of tzrm;as marked influence
MWever, the harrowed-burned treatment in the presenlt " :nd ungulate use. The
stn the SPecies Composition, standing biom'asds,thzr:z:;g;’was short-lived on e:;r]ly
Udy p ier reveale : s from the
bum); CZ;:ZZZUL' l(;tzasl):r:isv;:l"gegrazing removed the greatest biomas
latg bUrned plots.

A

0
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case of Terai, the fluvial Processes sge
e
in th

- ctin the
ion of large scale spatial patterns and the i

rem

ization by grasses are no longer
flooding, available soil moisture,
to Community organization and

reated. Resultant soil development Ssubsequent to
c .
fire and grazing are other important factors leading

succession.

The present study could assess the effect of different burning regimes on two wild
ungulates only. None of the previous studies have been able to study concurrently
the effect of such practices on different faunal species including the mega
herbivores, small mammals, birds and herpatofauna. Bell (1986) and Oliver (1980)
have shown adverse effects of above management practices on hispid hare and
Pygmy hog, respectively. Whilst Laurie (1978 and 1982) and Dinerstein (197?a,b;
1980; and 1987) have documented that cutting and burning practices are essential to
tfeate the mosaic of habitats so as to maintain the viable populations of one. hor?ed
finoceros and other wild ungulates in the Terai region, respectively. leesv:;:a;
Braithwaite and Estbergs (1987) studied the effect of different stagefsf roef ::"Zard
Vegetation régeneration on birds while Fyfe (1980) studied the effect o 'S -
©OMmunities, Fg and Sanchez-Cordero (1993) studied th‘e respo;:;ing, -
mammals to grassland fire. These studies advocated ‘patch

c°"Sel'vation Mmeasure in fire-prone areas.

a (, h i i SUCh
at blrd SpeCIGS
J Ve (1996) Whl'e Worklng |n Dwaa National Pal‘k Observed t

Graminicola
. ass warbler (
s Ye”OWbeIIied wren warbler (Prinia flaviventris), Large gr

imalia pileata)
, d babler (Tima
en ; _ g ilis), Yelloweye
8 Ielensis), Fantail warbler (Cisticola exilis) restricted to the patches of tall
nd ) were more open

two type of

®deyed babler (Chyrosoma sinense d pipits preferred
graSSes‘ Whereas species like bushchatS, larks ana p

s stands had
oas and Patches of short grasses. Burning of tall gras
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¥ o T

octs O the composition of dependent avian specigg:
jreaﬂng openness, and (b) easy ang POssibly increaseq
abitat Was not suitable for species sych g the Large
nwarbler and the Yellow and Redeyeq babblers, Th

(a) it altered the habitat by
food availability, Opening in
grass Warbler, Yellowbellied

. . . .

emselves to the unburned patches of the tall grasses, |t is clear that on one hand

diversity of insect and there was increased invasion of insectivores such as

bushchats. The clear visibility, and plenty of perches in the form of incompletely
burned grass culms provided an idea| foraging ground to these birds. There was an
influx of such insectivorous birds leading to increased birg densities in the post-bum

period.

Intensive study on Bengal Florican (Houbaropsis bengalensis) undertaken by
Sankaran and Rahmani (1991) in Dudwa National Park revealed that floricans start
arving in the grasslands sometime after the burning is completed in February.
Males are highly territorial and the breeding season can be said to have commenced
once the display has begun. The breeding season of Bengal Florican at Dudwa
extend from early March to end June with April and May being the peak season.
Study thus, inferred that the late burning of grasslands and particularly harrowing of
dround grasslands during the breeding season were detrimental to floricans and
Other nesting birds (Swamp Partridge - Francolinus gularis and Peafowl - Pavo
istatus) as they also begin their nesting in March. Study specifically recommended
that grasslands traditionally used by floricans for their territories and breeding must
"otbe harroweq.

' ; ing of both
:n VoW of the above, it is evident and essential that patch cutting and bur 2’"9 °d "
’ rne
 Wpe of grasslands or a mosaic of habitats created by cut, uncut, bu

unburned Patches would provide suitable habitat for the persistence of diverse faunal
SDECieS " g would also create different patches
(1989) has indicated that
gered

Terai, Staggered cutting and burnin

Arying forage and cover conditions. Lehmkuhl ing lawns. Stag
€req burning foster the formation of pasture like grazing

pmVidin gy
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of grasslands in small patches could proy;

de tender and palatape forage for

time during the lean season. Grazing
longer

a

lawns would prodyce high quality

year round, may decrease crop depredation by attracting wild herbivoreg
forage

ay from agriculture.
aw

» @nd a patch too smg|| might
rgrazed and may not provide adequate benefi
be ove

ts to Warrant management

land type, patch size, quality ang distribution, the ability of different species
viz., grass '

rse to neighbouring or newly created patches, temporal ang Spatial
to dispe

ity and dynamics of the landscape ang disturbance factors, in particular
oo )1:' and flooding (Rodgers, 1986; Lehmkuhl, 1989; peet etal, 1997). A
U“CO”tm”edt're for using different burning practices in the Case of TCA keeping
e Sttraine?nyind would be desirable. Likewise, a long term monitoring system to
;t\)/c::teig::t:eschanges in the composition of the Upland and Lowlalnttj Igra:::;j:da:rz
essential recommended. The harrowing will have to be completely
judiciously used on at least 2-3 years interval.
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Chapter g

General Discussio

N and Conclusion

6.1 Introduction

Forests grasslands and wetlands contribute varioys goods and services to manking.
0 ’
e time immemorial, resource dependent communiti
Sinc :

loited these natural resources for their Sustenance
exp

development in recent times, socia| structures and cultyre
ev

€S have colonizeq and
and Prosperity.  Rapid
have played a significant

hose natura] resources.
Development is widely considered Synonymous with increase in consumption while

culture has a direct bearing on population, economic activities, settlement patterns,
political structures, resource use patterns and other factors  affecting biodiversity
(Stedman—Edwards, 2000). This means that environmental and social concerns in a

le in shaping environmental outcomes relevant to t
ro

given situation are inextricable woven together.

The Terai Conservation Area (TCA) is an important regional, national, and
international center of biodiversity. The whole range of biodiversity or the “ttle
things that run the world” are known poorly — including many species and. The
functions that link them and their habitats. The TCA includes the Ia.rgeSt rema"'":g
Natural habitat representing the Terai ecosystem on the Indian snde.' .ZZF:::
intense human pressure, the persistence or reintroduction of most. species ::ncess )
management generally has been a success. However, cont|nu:ajdm::agement
Uncertajn Large flagship species have been the focus of re.search a1ngg1. Sowariar
(Sale anq Singh, 1987: Singh, 1982; Singh, 1984; Qureshi et al.j Om;nt el
000: De, 2001 Mathur, 2000). Populations are small for some imp

SUch ag SWamp deer, rhinoceros, tiger, elephant.

: CA has
iid animals, the T
8 rich i, hatural forests, grasslands, swamps and wild

' ; ignificant changes

Wltnessed a seq change. The living memory thus testifies the Sltgre - exionsls
' : ricu

brought in, Particularly conversion of natural areas into vast ag

A
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Key Stressors

6.2

siressors 10 the TCA ecosystem are NUmerous, De (2001), Srivastava (2000) and
anon. (2002) have summarized the primary threats to wilgjif '
n .

telling encroachment, grazing, and fire. The spread of weeds, in
e ]

vasion of woody
ecies and changes in composition fro
sp

m short to tg] Coarse grasses threaten

rasslands. Lantana invasion is alarming in forested buffer Zones. Changes in
g

hydrology and associated siltation are causing changes in forest and grasslang

areas (PAs)
has resulted in increasing dominance of unpalatable and other undesirable species.

composition and structure. Passive management of forests in protected

Poaching is a potential threat, primarily for animals that venture out of forest areas,
and along the international border with Nepal. lllicit felling of trees on the periphery
of the PAs and within the managed forests (MFs) is a concern, especially with
increasing population density. Large-scale operations are uncommon, but small-
scale felling for household use is common. Encroachment on forest lands for
agricultura| conversion is a serious ongoing threat (Rawat, 1996). Grazing and the
demand for livestock fodder is a persistent issue. Fire occurs over most all the area
either as controlled burns in grasslands, or uncontrolled ground fires in fore.sts.
C0nsequences of fire or its exclusion are poorly known. Disease from livestock is a
Concern for wildlife.,

The Landscape Approach

t
it scape assessmen
N the above context, it was imperative to use a holistic landscap

. : sent study so as
“Phroach for the various types of field quantification during the pre

. t on the spatio-

to _ se and its effec

temLlhderstand the relationships between land u -wetland complex,
Porg) Vv

o -grassland
Wh Ariations jn species diversity in the forest-g
il

) : rvation.
. iodiversity conse
©its jrnli < e by human and bi ffocts
'Mplications for resource us ethe e

min
' t so as to exa
nally, an eXperimental study was also carried o entofthe landsospe.
Crent burning practices on grasslands, a featured compo!
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Land, Land Use and the People
6.3-1
landscape mainly included the foyr types of |angs.

TheS and managed forests) owneq by the State Fo
a

are nue land (other than forest department), (iii)
e

re\:j (iv) private lands. The landscape is 3 yag all

an

(i) forestiang (protecteq
rest Department, (ii) state owned

Community owned ‘Panchayat’ land,
uvium plain,

Alarge proportion of the population in TcA Particularly *
laborers inhabiting villages in proximity to forests an
forest resources. Thus, they try to meet their susteng
fuel wood, grazing, thatch (grass), medicinal plants,
Thus, traditionally the economy of the people inhabiti

NCe requirements of food, fiber,

ng the landscape was primarily
forest based. However, agriculture is now the mainstay of the loca| economy. The

favourable conditions in terms of plain land, fertile soils, high water table, cheaper
labor and improved agricultural practices have led to the rapid expansion of
agriculture and its increased productivity. Currently, little over 60% of the land. is
being ploughed or net sown. Burgeoning human population and its increas.lng
demands have resulted into the need of more and more land for cultivation.
Rampant encroachment of forestland, reclamation of swamps, changed policies and
"esultant land use pattern have greatly reduced wildlife refuge in TCA and also the
loss of vita] linkages for movement and dispersal of wildlife from one area to‘ .the
other. These ultimately manifest current challenges faced by the local communltltes;
and fielq practitioners. People inhabiting the TCA have observed an unexpec ea
"ansformation of the landscape within their living memory. In the first Sta"‘\’;re
Jeater expanse of wilderness got either occupied by the.°”ts'der.7 t::’s:yment
*otlled here by the Government or immigrants those moved n;1 to avai zunL;ab -
“PPortunitieg, The enterprising migrant farming community tf’::”:/ast ot o
favourable Policy facilitating green revolution ultimately turned

: Ids.
Al g ®as (forests, grasslands and swamps) into crop fie

ilable forest area in
D“”ng the past 2-3 decades, nearly more than half of the availa
TCp ,

PR '-"“A:-J & i rity

in view of the"priority

has been designated as wildlife protected areas (PAs) ‘ (
Co

: ts'in TCA has
, : loitation of fores
a "Servation Need. Thus, the era of commercial exp vof )"9’9?) o

Most Seized by 1970s. | H ': }} 7 e
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e history of forests in TCA dates back to 1

jided into two broad types: (a) Reserveq

Furthermore, in 1976 strips along roads, canals and raj
iransferred 0 the Forest Department for ma
legal status of Protected Forests,

- Since then, there has been
regular succession of Working Plans. Tj| 1970s, the old Reserved Forests ang

Vested forests were managed Separately and they came to pe managed jointly
afterwards. Comparatively, the vested forests were heavily exploited in past by
erstwhile  Zamindars, whereas the old Reserved Forests were commercially
exploited. Local people have continyed to enjoy various rights and concessions in
different Reserved, Protected, Vested forests and later two PAs, Despite rights and
concessions have been extinguished in the case of National Park area and greatly
reduced in the case of Sanctuary, local people illegally collect various forest
fésources and graze their livestock.

The present study (Chapter 2) on the assessment of landscape and forest spatial
heteroQeneity revealed that the landscape chiefly included the forestland (25.8%)
“omprising protected areas and managed forests and matrix (74.2%). Either a few,
larger €Ompact blocks or several smaller, isolated fragments represented the
forestiang, The matrix included extensive private agricultural lands, community
IandS: and scattered government lands. Once, extensively interspersed grasslands
Nd swamps Covered just 2.8% and 0.5% area of the landscape, respectively.
Deta"ed landscape level assessment using remotely sensed data delineated 17
"togories of land use/land cover types including nine forest types, two grassland

PSS, forest Plantations, and five other non-forest categories.

busta
Forests Covereq nearly three-fourth (73%) of the forestland. Sal (Shorea ro )

ther

"Minat i o of the forested tract. Four o

| Po = T forest types ocoupled 44.5% he forestland. This included
Mtant forest types together covered 19.3% area of the

222




w

Mixed Deciduous, Khair and Sissoo, Tro
poist

Pical Seasgngy Swamp,
ergreen forests covering 9.3, 6.9%

. »2.5%, and 0.6% area of th
mi-EV

se tively. Nearly 6% of the forestland wa

respec

tion. Interspersed grasslands, plantatio
- ation.

cult;/ 2.9%, and 0.7% area of the forestlang.
7.7%, &-970

and Tropicg|
e forestland,
S found encroached ang Under illegg|
vered 12.8%,

ted only 1,59,

ns, rivers ang Swamps co

Tamarix Scrub represen
stland.
f the fore
ared O

stingly, a few of the forest types either remained unre
tere 1

In stituent areas (DNP, KWLS, NKFD, SKFD) or represe
con .

reas as a characteristic type.
a

Presented in some of the

nted just one or two such
For example, the national park (DNP) area
boured all major forest and grassiang types, except Chandar Sa forest and
harbo

Tamarix scrub. On the contrary, dense Sa] and Tropical Semi-Evergreen forest
types occurred in DNP only. Nearly three-fourth extent of the Upland grasslands and
almost half of the Lowland grasslands were confined to DNP only. Further, the other
protected area i.e. KWLS had the maximum extent of Chandar Sal forests, | In
~contrast to DNP, the Sanctuary (KWLS) lacked representation of dense Sal, TI'OpIC(i’lI
Semi-Evergreen and Khair and Sissoo forest types. More than .>90% area of Khair
and Sissoo forests and almost 50% extent of Moist Mixed Deciduous forests wtereI
recorded in the managed forests of North Kheri Forest Division (NKFD). Thehf:lz ::t
area and percentage proportion of Swamps, Rivers and Sé”dy bank.s -w.ere (SI?<FD)
in NKFD. Forests in the managed forests of South Kheri Forest Dlws;or;XtenSive
Were mainly characterized by moderately dense, OP‘.?” Sal foresfts asr: —
Plantations. Dense Sal, Sal Mixed, and Tropical Sem|-Evergre.en (Jfr(;amaﬂx -
absent i SKFD. The maximum area and percentage proporton (:- ns recorded in
Were recorded in SKFD. Nearly two-third (63.1%) area under plantatio

TCA OCcurred in SKFD alone.

. : and MFs also
Beside above, g comparison of two management optlonsrr:-i:;r:/:zrests types viz.,
Alloweg Several noteworthy findings. Accordingly, three pro remained unrepresented
*Nse Sal, gg Mixed, and Tropical Semi-Evergreen foreStss as high as 61.3% while
MFs. The actual extent of five Sal forest types in PAS WfaMFs. Instead, managed
Various Sal dominated forests covered just 37.9% ar. ea ,\‘;ixed Deciduous and Khair
forestg Possessed the much higher proportion of Mc:ustof Tropical Seasonal Swamp
ang Sissog forest types. PAs had larger chunk (>60%)
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(orests than MFs. PAs also had 17.6% of thejr actual g

, réa covered b
ands while MFs had only 7.7% of its areq represent Y tWo type of

QraSSI ed by grasslands.

curther, the detailed landscape leve| analysis on the numpe

: r of patches, pat
aracteristics (size, shape, and quality), Patch

. . Spatial arrangement (conﬁguration), and
proximity of different patches using varioys metrics amply indicated that the

andscape under consideration has high forest spatial heterogeneity due to greater
forest diversity as well as forest fragmentation. Four constituent areas of the
iandscape and different vegetation types were not only diverse, but also unique in
several cases. This was obviously due to highly variable, irregular and scattered

forest fragments having long history of management and also experiencing high
biotic pressure.

6.3.2 Species Diversity

Detailed vegetation assessment undertaken in the four constituent areas, different
vegetation types, and a comparison made between PAs and MFs revealed that the
forests and grasslands in TCA also exhibit rich and unique plant species diversity.
This is mainly due to the complex, dynamic nature of the Terai ecosystem, long
history of forest and grassland management guided by successive Working Plans,
and biotic pressure. Thus, a floral diversity of 259 plant species belonging to 199
9enera and 76 families was recorded through an extensive sampling. The number of
Plant species in the four constituent areas ranged from 143 to 249. The DNP was
the most diverse while NKFD was the least diverse among the four constituent
areas. This difference was due to the non-representation of some of the vegetation
Ypes in one or more constituent areas. The DNP obtained representation of
maximum vegetation types and also highest species richness of trees, end hetbs
While SKFD had the highest shrub species richness. PAs were more‘nch in SPQC'e:
dversity than MFs. Importantly, much of the species richness in forests(,i T:w
Yrasslangs of TCA resulted from a large number of low abundance an

' ed in less
frequency species. Out of 96 recorded tree species, 47 tree SPECies R

ency of
" 1% sampieg plots.  Only 10 species obtained values >10% FeGiery

“CUrrence
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n Sal forests favoured more NUmber of mis
e
The 0P

sal forests. Sal was the Prominent tree Species
a

its IVI. In contrast, Acacig Catechu, Dajpe
d on
base

cellaneouys tree Species than
in two PAs (DNP ang KWLS)
Igia Sissoo, Terminalia alata,
ined much higher valyes of

corresponding valyes in two

tonia acutangula, and Halding cordifolia obtg
ingto
garring ce Index in two managed forests than theijr
jmportan

This revelation highlighted a distinction in the
PAs.

ion in PAs and MFs. Tectona grandis and Eucalyptus Citriodora, two exotics
vegetation her constituted 16.4% of the totg trees (n = 31,467) enumerated, |t
to TCA togtetthee past management has thus resyiteq into replace
reﬂe‘;:i;:am extent as well as diversity. Nearly one
vege

structure ang Composition of

ment of native

-fourth of the standing trees in
of Sal alone. Two other prominent ang widespread species were Mallotus
TCA were

is and Syzygium cumini. These two Species together constituted yet
hillippensi. '
Znother one-fourth of the standing trees.

istinctly characterized the DNP area. The KWLS was characterized by
o d.ls.tmc ' osa, B. squamosa and Lagerstroemia parvifiora due 'to th'e
f:::rlrnelscerac::mexte,nsive Chandar Sal and Sal Mixed .fore'sts.l t B:::it:g:
acutangula, Ficus benghalensis, Milliusa velutina and Terminalia da : areater o
forests in SKFD due to the fact that this managed forest harbc:]urseal fo?ests. i
of Tropical Seasonal Swamp, moderately dense Sal, and Opio o
Catechu and Dalbergia sissoo characterized NKFD due

maximum extent of Khair and Sissoo forests.

i lue
o d on the highest va
Pipterocarpaceae was the most important family in TCA b:S:ee species recorded in
' Family Importance (FIV). Fifty-two tree species out Of-g density, and dominance
TCA countributed for more than three-fourth tree diversity, 86% tree species were
* they belonged to just 10 plant families. More tdhanpite extensive sampling in
f individuals des 1 localized
*Presented by a small number (~250) o e were either highly lo
the Present study. This also indicated that such species W

ical
tmost ecolog
ies are of U

or Were in low abundance. Nevertheless, these specie

importance and calls for a priority attention.

stituent areas
in the four con

COMmparat; t of shrub and herb layers In

rative assessmen

: jliacora
|lations. Ti
important reve
ang different Vegetation types also allowed several Imp
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uminata occurred in as many as 52 39, plots sa

a . .
yency values in two MFs i.e. SKFD ang NKFD

fred

Mpled in pnp,

alatively open canopy forests and other habitat conditions/factors in MFs were not

faVOUrable te Tiliacora acuminata while this Species gregariously occurreg in majority
of the forest types in DNP. Lantana Camara, an exotic woody shrub occurred only in

57% plots sampled in TCA. This species was almost absent in dense Sal while

Khair and Sissoo forests in NKFD favoured this weeq. The density of Helicteres
isora was significantly influenced by density of Sal forests, Thus, density of
Helicteres isora increased considerably from dense to open Sal forests. In general,
herb species were much widely distributed in MFs than PAs. Dioscorea belophylla
was the most prominent herb in different forests of TCA. Cassia tora was the
densest herb, followed by Ageratum conyzoides.

A comparative habitat use assessment by select faunal species revealed that nearly
50% of the sampled vegetation plots showed some formal use. Only 8.1% sampled
vegetation plots in MFs had the presence of chital sign against 41.6% sampled plots
in PAs those had the presence of chital sign. There was conspicuous absence of
chital sign in sampled grasslands located in two MFs while grasslands in PAs
harboured abundant chital population. This observation can be attributed to the fact
that grasslands in MFs were relatively small, isolated and experienced much more
biotic Pressure. In contrast, nilgai sign were absent in grasslands occurred in PAs

While 11% grasslands plots sampled in MFs had the presence of nilgai sign.

63.3 Grassland Management Practices

The tall grasslands in TCA form an integral part of the forestland. Biological va:.ue:
: im
nd Cologicg| functions of grasslands in TCA have been ignored for a long

: ing in practice to
CCause of earlier policies. Mainly, cutting and burning are being in p

iNta: . f dependent
“tain Jrassland diversity, productivity and meet subsistence needs of dep

. ir effects on
:e‘)ple_ The complexities of various management practices o t:'Tuarefore the
r )
aSSland Values and functions have been poorly understood.
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esent study included an experimentg| trial so as tg
fterent burning regimes in combination with treatments
removed; grass harrowed, simple bumned, and ng bur
Speciﬁcally aimed to test two hypotheses:

season forage for ungulates; and (ji)

Understang the effect of

Viz., grass cut, grass cut —

. n (control). The study
(i) whether treatments would in

harrowing ang burning wou|
’ (0cesses formerly kept tall grasses down when People were allowq

jvestock and cut in the park, thus providing more forage and ma
favourable forage species. '

Crease dry
d simulate
ed to graze
intain composition in

prominently, /mperata, Desmostachya, and Vetiveria contributed to grass cover ang
biomass in the Upland grasslands while Sclerostachya, Saccharum, and Themeda
spp. were main contributors in the Lowland grasslands. The dominance of these
species was maintained under all the treatments despite repeated treatments for
three consecutive years. All treatments except the harrowed-burned treatment
yielded more or less same aboveground biomass (ABG) at the time of termination of
experiment. Nevertheless, the effect of different burning treatments was prominent
on the species composition and standing biomass of major grass species in both the
type of grasslands. Imperata cylindrica, the main contributor to the biomass in the
Upland grasslands registered a considerable decline (40-53%) in AGB under
different treatments. In contrast, Desmostachya bipinnata showed considerable gain
in its AGB ranging from 1% to 37% in cut-burned treatments and the control. The
Maximum gain was in the harrowed-burned treatmenit indicating that Desmostachya
bivinnata was distinctly favoured by this treatment that too at the cost of major
desirable species i.e. Imperata cylindrica. Likewise, Desmostachya bipinnata which
"as otherwise absent in the Lowland grasslands prior to the initiation of experiment,
abrupuy emerged and established in the harrowed-burned treatment. In opposite,
Mejor Constituent species viz., Sclerostachya fusca and Saccharum | narenga
“fered in the harrowed-burned treatment as both these species registered a

Substantially reduced AGB i.e. by almost half at the end of three years.
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iative pellet occurrence, swamp  deer and
re

harroWed’bumed and burned alone treatments in t

. harrowed-burned treatment in the Lowland grg

used treated plots for rest or just to move across. Thus, in view of these findings

harrowing in TCA is to be either avoided or judiciously used on atleast 2-3 years

interval.

ltis also clear that ending the current practices of cutting and burning would remove
the benefit of new and palatable grass to ungulates during the lean period. Two
earlier studies on Terai grasslands (Lehmkuhl, 1989; Peet e al, 1997) and the
present one have amply demonstrated that the short term variation between different
treatments in studied grasslands were insignificant. Lehmkuhl (1989) has earlier
highlighted that grazing was short-lived on early burns compared to late burns while
grazing removed the greatest biomass from the late burned plots.

The present study could assess the effect of burning regimes on the habitat use by
two wild ungulates only. None of the earlier studies has been able to study
concurrently the effect of burning practices on different faunal species including the
Mega herbivores, small mammals, birds, herpetofauna, etc. However, the current
knowledge based on several short term, scattered studies on different faunal species
strongly advocate for a mosaic of habitats by cut, uncut, burned and unbumed
Patches which would provide suitable habitat for the persistence of diverse faunal
*Pecies of Teraj Staggered cutting and burning would also create different patches

Providing varying forage and cover conditions.

_ . rehensive
tis Perceptible that in the absence of an appropriate long term. ComF;out their
SXPerimentgy research on Terai grasslands the basic premisé &

m
Magement largely remains unanswered and debatable.
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Landscape Management Units
6.34

management of the entire TCA requireg 4 broader perspective that integrateg
The

pAs with MFs and the human dominateq matrix from which emanates many of
the

tressors identified earlier. Differing gogls and obj
the S

ectives for forest allocations
and MFs), as well as the human dominate
(PAS

quires coordination of forest

gement activities among allocations,  The TCA landscape has f
mana

ve distinct
Landscape Management Units (LMU)
a

that could form the basis for integrating
disparate forest allocations for landscape management focused on biodiversity

tion. These units are: (1) a DNP core area; (2) a KWLS-South Kheri MF
cOﬂSer": (3) MF fragments in the North and South Kheri Division; (4) linear riverine
E:St:: a’nd connective corridors; and (5) the matrix of agricultural lands made up of

community, private, and scattered government lands.

The DNP and KWLS-South Kheri MF core LMUs form two high—valt.Je, but isolated
‘'sources” of relatively high biodiversity. DNP is important for .“S relatively I'argelta,::
ina compact block that minimizes edge effects with the agricultural matnxt. .
highly diverse and productive forests and grasslands. The curr(.e:es o
conservation management focus with core and buffer “zones provi o o
Protection from human disturbance. It has national recognition an: s::p:heri e
important center of biodiversity and tourism. A small block of rtoof -
Contiguous with the southeast corner of DNP that is not currently pa

- ' area.
has potentia| to contribute to integrity of the DNP core

. jon value.
The KWLS-South Kheri MF core LMU has the next highest C(f)r;ir::rt\l/:tion that
KWLs forms the core of this conservation complex, With o o ‘;as been managed
S high, byt less than DNP. The contiguous South Khe‘rl M-F aj]lrerato the buffer zone of
for €Conomic value, but has great conservation potential 3|;m :ape aragemeit p
ONP, i, as a buffer zone to KWLS. An effective TCA Ian|_sS and adjacent managed
Woulq need to recognize the importance of managing KW

.
zone concep

i o core-buffer

orests ag a single conservation unit, perhaps in a ¢
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d MF fragments, the third LMU, ¢qp, have valy
jsolaté ithout connecting corridors, if the integrity of t,
even Wi Usually, the field managers ang conservation;
,esto'red-e g. tigers, elephants) that operate 4 large
Specleslje;jc;e’ small fragments with insufficient oris
a;zaes-eﬁects (e.g., human disturbance)
e

Scales and neeq large protected
olated habitat and large negative

are often considered €Xxpendable. Smgj|

ments, however, can be important elements of a biodiversity conservation plan,
frad ’

Terai. They can be
ne-scale processes (e.q.,

and centers for the dispersal of those
ecies if connectivity is re-established. They might also be stepping stones or
sp

temporary/additional, refugia (sink) for larger core species.

cially where natural areas are extremely limited as in the
espe _ _
areas” for the persistence of sma|| Species and fi
“core
insects, bryophytes, and small mammals),
in ,

Such small patches
ight also be managed to relieve resource pressure on larger core areas by
mig

roviding forest produces, but using new Mmanagement practices that both generate
forest products and maintain or restore ecological values will have to be designed,
implemented, and tested. = Managing small fragments, however, is challenging

because of the large amount of edge exposed to human disturbance in the matrix.

The fourth LMU of linear patches of riverine habitat along small and Iarg?e strear.ns or
rivers are critical special habitats that also might function as c?nnectlng ;O:l:?srslf
The floodplains of the major Sharda and Ghagra rivers could be lmpona.nt :OUId .
current intense human pressures for agricultural development and grazing o
@Meliorated. ~ Corridors on smaller rivers could connect smaller pa;:h:;ctioniné
Maintaining or restoring the ecological integrity, or at le.ast the prc:: o i
Condition, if not complete restoration, will be as challenging, or :;Oosed’to e
Isolateq | fragments because to the high amount of edge exp

disturbange and their importance as water sources.

ized in
. s been recognize
The fifty Matrix LMU as a source of human disturbance haf forest management.
to
C°”Ventional Management plans as an important elemen from protected areas 10
CQde"ek)pment plans try to redirect resource dependency

. at need can no .
‘SPegig) development areas within the matrix. Where th needs might be

iy some resource . o
ort to |0ng term by ecodeveIOPment of the matrix, tent with wildlife

: ction is consis
Met from Within forested or protected areas, if extra
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ment goals. Less easily Managed, except thro
e
manag

ugh COmpensation Payments,
rop depredation and sometimeg human deg

s the C

is

ths that occur when animals

pitat within the forested areas.
ha

lands are themselves highly fragmenteq into commun;

ix la

Matrix rally small (1-2 ha) size, and scattered government |
€ . .

of gef"f rm management options for the matrix are gjfi

or unifo

ty lands, private parcels
ands. Thus, consistent

cult to develop. Revenye

tion and subsistence agriculture are the dominant uses. Most of the area
io

genera

vide habitat for wildlife, although some Species such as the sarus crane
does not pl.'O ) can adapt to human landscapes, although these habitats may in
R antlgo:'en sinks because of high human-caused mortality. Some crops, such
fact be popula l<f3 rm semi-natural habitats with good and bad aspects. Sugarcane
as sugarcasr:)er;1 eotemporary value as refuge or dispersal habitat; but that value may
:leazer::::d by the elevated risk of mortality from poaching.

64 Linking LMUs with Corridors

MFs is difficult in

Linking LMUS to create a interconnected TCA network of PAs ar?d AR
' in the agricultu
LMUs are isolated in |
the current landscape. The five . ownership and the
connectivity will be very difficult to establish because of P”Vateﬁveﬁne MU migh
inear

Pressures of resource dependency. Some parts of -the'“'neathe integrity of those
Serve to connect patches of fragmented MF, but maintaining

re.
: ' human pressu
liverine corridors will be difficult under intense

e 12-15 km between
The Primary connectivity objective within the TCA ShOI:\llldélt:i:gththat link would have
e two cores DNP and KWLS-South Kheri LMUs. nt and critical Ghola and
"*Veral benefits. It would include some of the refﬂn:’ease the area of important
>392 monsoon swamp deer habita outsde B 1° deer populations in the two
Alluig) grassland spanning the Sharda river, link swamp

l.
as as wel
core areas, and link tiger and other species in th

be

tiveness can

ality and effec

Severg) OPtions with varying degrees of praCtlca“;y ould be purchased 10 create
. c

Considered to create that core LMU connectivity: Lan
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(e.g. World Wildlife Fund for

Nature, World Bank and charitable foundations) interested in conservation and

development.

Regional linking of the TCA with PAs in the Indian and Nepalese Terai is another
priority to ensure the viability of large or wide-ranging species like elephant and tiger.
If successful, the TCA would be an important link in between the Bardia and
Suklaphanta PAs in Nepal.

6.5 Establishing Habitat Management Objectives

Management within individual LMUs below the landscape level (e.g., compartments,
circles), also will need to change. Forest areas have a long history of intensive
Management for economic values, primarily timber harvest for railway sleepers and
other wood products, grazing, grass collection, and other subsistence uses.
Management for Sal to the exclusion of “miscellaneous® species has altered and
Shaped the composition and structure, hence potential biodiversity, of TCA forests in
Unknown ways, Hence, TCA forests and grasslands are not by any means pristine,
', formed by natural processes alone. That creates some difficulty in describing

the desired future conditions for forest and grassland vegetation in the TCA from a

biogi ;
Odiversity conservation perspective.

i ment
Managemen; goals or desired future conditions (DFC), for vegetation manage

. _— i of
e often developed using natural conditions (i.e., without @ significant history

t target. The assumption is that

e landscape Will maintain the full
h other and the

Um .
R0 dlStUrbance) as the baseline or managemen

Natyra
ra tural Stand conditions and their pattern across th '
98 of biodiversity, e.g., species and their interactions with eac

232

|



nment. If those conditions are unknown, or
iro
en\/lr

if there s high variation, in the
osition and structure of a vegetation commun;
comp

ty or landscape as 5 result of the
ironment or disturbance processes, then a rang
eﬂVer

acket acceptable conditions. |n the case of th
to br

Given extensive past management it is difficult to determine g
and methods to achieve it, that is consistent with the obj
conservation. For example, how do the manager will kn
dominance of Tiliacora with the closure of the Sal canopy is

DFC for Sa forests,
ectives of biodiversity
ow that the increasing

*bad” and needs to be
ersed? If the DFC is based on the habitat needs of the important ungulates and
rev !

tiger, then it might be safe to assume the reduction of Tiliacora is necessary.
How;ever, from an ecosystem or biodiversity perspective Tiliacora might bfa
recovering its previous dominance in the relatively undisturb.ed Sal forest,-tand it
might have great value for species other than ungulates. V\{hat I‘S th'e .roile of Tiliacora
in the ecosystem and what are the consequences for biodiversity, if it is removed fo
increase ungulate forage? Likewise, one can ask what is the proper role of fire in
forest ecology and management?

Grasslands in TCA also have a long history of human disturbance e haihsahtaz:
their - current composition and structure and the animal communities b
associated with them. What is the DFC for grasslands? Natural proC: s:ezngulates;
leading to the dominance of tall coarse grasses that are Iess. fa.\;orr:re ())’r et
but, tall grasses might be critical for other species such af i tments will impact
birds, Removal of those tall grasses with fire or mechanical t::d ecosystem, the
the Viability of those species. In a large undisturbed gra::rt and tall grassland
balance Of Upland and Lowland grasslands as v.vell as 0snﬁnes the TOA. some
Patches Might be kept over large areas. However, in thet‘; 5e made to ensure the
Alance of Management and natural processes needts ear burning or mechanical
viability of all grassland species. Some form of alternate y

s species.
"Satment Would ensure the persistence of tall grass sp
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standing of forest and grassan q

on
Sucl.cations for biodiversity conservation of resto
jmpl!

cessional and disturbance dynamics, Vegetation-anjmg| interactions, anq the

ration,

Only through 4 good
derstanding of the relationships between forest and
undé

grasslangd pattern ang

That understanding also is necessary to modernize silvicultyra
them from a focus simply on the production of wood and othe
services to the production of both human ang ecological goo
viable and diverse forest ecosystems. That transition from old

Systems by moving
r human goods and
ds and services and

to “new forestry” will
be critical for integrating PAs and MFs to meet the ecological goals of the LMUs in
e

the TCA. It will require a period of adjustment of attitudes and experimentation with

e : i
new methods in an adaptive management process in which managers can team with
scientists to learn while actively managing.

6.6 Managing Specific Habitats

Managers currently recognize the need to manage key wetland and Qr«j:!SS:lfT:
habitats,  |n forests, fruit-bearing trees traditionally have been recognize rle
Management plans and operations as important wildlife treee. M:f;iizriv ;Od
beginning to recognize the ecosystem and wildlife value of defecflvetanes o
(snags and down logs), instead of their value for salvage. D.efectfvde r:nd <econdary
"rovide key cover and foraging habitats for cavity excavating bi Sare key habitats
Cavity nesters that use woodpecker holes, for example. Down Iofj many birds and
for invertebrates, reptiles, and small mammals, which are prey

Other Small mammals.

dscape, such as
Forest types that represent relatively small areas of the fofTS::nizn of biodiversity.
e Most e Deciluous forset, aro mpotien Ile:onsidered in light of the
Ma“iDUIative Management practices needs to be carefu 'y ortant vegetation types.
*Cology and wildlife values of these relatively rare and ':' pa strong link between
o Sxample, studies in Chitwan, Nepal have S:m:;,e establishment of mixed
r inocerOS. the regeneration of Trewia nudiflora, an
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ine forest patches (Lehmkuhl, perg. comm,),
qverine n defecate the scarified seeds into Manure
Trewia, theds germinate profusely amidst in dung pile
TreW?h :iicleus of forest patches if sych dung piles
rm

Rhinos egt the fallen fruit of
-rich dung piles in grasslands.
S, along with other herbs, ang
escapes burning. The mosaic
abitat mix for abundant chitg]

Rhinos, deer, and other herbivores

Along with the tall
is example presents another reason to

. d above, this e

discusse

sity issues in grassland and forest fire management plans,
biodiver:

fo sland and riverine forest provides the key h
of gras

, ich is the primary prey for tiger.
lation, whic
popd

key dispersers of other plant seeds as we|| -Short grass issye
are K€

carefully consider

6.7 Conclusion

: agement of the TCA for biodiversity and forest productivity will be
In conclusion, manag bal and regional biodiversity, but
. TCA remains a vital element of global a
challenging. The at. Past management that
t and future challenges for management are great. { forest and

nt a ; ore

o d social and economic uses was pervasive and has s: o

ed on : implica

o d ecosystems on a trajectory of change with poorly understooth ti e o
sland eco ods that fo

? raT)' diversity. Field managers need to develop new field meth —
iodiv . ; ive

bord' ity and human-oriented goals, then test them in an aldap tively managing

' rsi : ile ac :

f . rkythat allows them to constantly learn and adjust Whlle the administrative
wo

Sram?f lly, management needs to invest in research and develoPrn N

ecifically, iects to lea
a:d scient?/ﬁc frameworks for adaptive management projec:smight ensure long-term
O Testore wildlife habitats or populations to levels tha ology, habitat needs, and
C ’

Viabilit Research also needs to investigate the status, € other less conspicuous

p I}; d habitat management strategies for the t human demands for

Opulation an N Direc .

i the bulk of TCA biodiversity. d water pumping)
SPecies that makes up | ces from the matrix (6.0. groun. s T
forest resources and indirect influen ins) are intense and will incf e i

ion in the mountains : ucceeding
*d beyond (e.g. deforestation in il have a difficult time s
Current Mmodel of forest management Wi

ew
e scale. AN

t the landscap

integraﬁng biodiversity and human use of forests 2

ically and
: tes ecologica
t that integra
managemen
multi-scale model of forest ecosystem

develo
: eds to be
a'drninistratively fragmented forest units ne

ang

ped. A second higher
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ie dicated cadre of professional
TCA that . forest managers
i the can make this new approach " aclentit sl
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