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ABSTRACT
The present research work deals with the avifaunal diversity and community structure in the grasslands of
Majathal Wildlife Sanctuary located in the Solan and Shimla districts of Himachal Pradesh. The present work
has revealed the presence of 34 species of grassland birds belonging to 29 genera spread under 19 families and
5 orders. Of these, 14 species were obligate grassland species that depend on the montane grassland ecosystem
entirely and 20 species were found to be facultatively dependent. The 16 species were reliant for nesting in the
habitat and 18 species partly use the habitat for nesting. The Pearson correlation indicated a strong positive
correlation between grass and bird species. An analysis of the impact of various anthropogenic activities has
also been presented in the present manuscript. This study is the first attempt to describe grassland-dependent
birds from the sanctuary.

Key words: Himalayan Sub-tropical Montane grassland, Avifaunal communities, Obligative and Facultative,
Ground dwelling birds, Majathal Wildlife Sanctuary (MWLS).

INTRODUCTION

Grass-dominated ecosystems are widespread and
cover a significant portion of the Earth’s land surface,
accounting for approximately one-quarter of the total
area (Liu et al. 2021), and play a critical role as
wildlife habitat (Wang et al. 2018). Over the past
two decades, there has been a growing interest in
grassland birds in many regions of the world (Bucher
and Nores 1988, McNicholl 1988, Knopf 1994,
Peterjohn and Sauer 1999), resulting in numerous
studies being conducted (Glover 1969, Goriup 1992,
Leslie 1996, Jacobski et al. 2017). Grasslands are
recognized as being the most vulnerable habitat in
the Indian subcontinent from a biodiversity
perspective (Collar 1996, Grimmett et al. 1998, Peet
et al. 1999, Baral 2001, Thomas and Palmer 2007,
Akash et al. 2018, Joshi et al. 2018) but, due to
fragmentation, and modification of grassland
ecosystems serious stress is noticed on the dependent
faunal diversity (Rosenberg et al. 2019, Lele et al.
2020). The grassland birds are experiencing major
population declines (Marques et al. 2020) because
present-day management practice is mainly focused
on large mammals (Baral 2007). A significant amount
of information has already been collected on bird
species in India (Narayan and Rosalind 1990, Iqbal

et al. 1994) and grassland bird communities
(Majumdar and Bramhachari 1986, Rahmani 1992).
In Himachal Pradesh, grasslands cover about 16.5%
of the total area, occupying 15.3, 21.6, 18.0 and
15.3% of geo-climatic zones 1) (Low hill
subtropical), 2) (Mid-hill subhumid), 3) (Mid-hill
temperate wet) and 4) (High hill temperate),
respectively (Singh et al. 2009). The Himalayan Sub-
tropical montane grasslands, thriving at 1000-1800
m elevation, dominated by Chrysopogon,
Heteropogon, Cymbopogon, Imperata,
Capillipedium and several other species of grasses,
legumes, and herbs from other families (Chandran
2015). Grassland birds rely on specific grassland
habitats for various stages of their life cycle,
including feeding, nesting, roosting, and wintering
(Vickery and Herkert 1999). The Obligate grassland
specialists adapted to grassland habitats and make
little or no use of other habitat types such as Red
Junglefowl (Gallus gallus), Indian Peafowl (Pavo
cristatus), White-crested Kaleej Pheasant (Lophura
leucomelanos), Himalayan Prinia (Prinia crinigera),
Crested Bunting (Emberiza lathami) and Fire fronted
serin (Serinus pussilus). Facultative grassland
specialists utilize grasslands alongside other habitats
but are not entirely dependent on them (Jahan et al.
2022). Destruction of suitable grassland habitats
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would partially impact the populations of these birds.
Almost negligible information is available pertaining
to the diversity, composition, and distribution of
grassland birds in the Majathal wildlife sanctuary.
This is the first attempt to describe grassland birds
from the sanctuary.

MATERIAL AND METHODS

Study area
Majathal Wildlife Sanctuary falls within the mid-
Himalayan ranges and present within geo-
coordinates of latitude 31°15´00" N - 31°18"45" N
and longitude 76°56´45" E - 77°02´18" E comprising
an area of about 30.86 km2 (WIIENVIS 2023) is
situated in the Solan and Shimla districts of Himachal
Pradesh, India (Fig. 1) (Negi 2002). The sanctuary
comprises four beats namely, Harsang bhajji, Chandi,
Kangri, and Matrech. The elevation gradient of the
study site varies between 575 to 1975m. The soil is
hard and clayey loam and rocks are formed of shale,
slate and sandstone. The climate of MWLS is sub-
tropical, experiencing cold winters with temperatures
ranging from 1°C in winter to a maximum of 40°C
in summer. The rainfall follows a monsoon pattern,
concentrated from July to September, with average
monthly rainfall ranging from 17 mm in April to 214
mm in July (Shah et al. 2015, Rahmani et al. 2016).
The slopes are sparsely forested with Chir Pine
(Pinus roxburghii), Ban Oak (Quercus
leucotrichophora), and Deodar (Cedar deodar) are
mostly dominated by grassy tracts. The
Chrysopogon, Heteropogon, Cymbopogon, and
Imperata are dominant grasses found in the sanctuary
(Fig. 2). This sanctuary provides shelter to globally
important fauna such as Cheer pheasant, Leopard,
Black bear, and barking deer.

Methods
The present study was conducted in 2023 to study
associations of birds with their grassland habitat by
using Random sampling and line transect method
(Gaston 1980, Sutherland 1996, Bibby et al. 2000).
Linear transects were laid out in the four beats of the
sanctuary and the length of the transects varied from
3 to 6 km depending upon the area of the beat. A
data sheet was maintained for each visit in which all
observations were recorded. Nikon Coolpix P1000

Figure 1. Map of the study area (Majathal Wildlife
Sanctuary)

camera was used to capture the birds and Nikon
Aculon A211 (8×42) binoculars were also used in
the field. Identification of birds was done after Ali et
al. (1983), Grimmett et al. (1998) and Kazmierczak
(2000). The nomenclature was followed as per
Manakadan and Pittie (2001). The relationship
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between residential status and population trend was
carried out in the habitat. The residential status was
categorized according to their presence in specific
season such as Winter Visitor (WV), Summer Visitor
(SV), Resident showing Seasonal Movement (R/
SM), Resident showing Local Movement, Resident
showing Vertical Movement and Resident (R) (Fig.
3).

(March)                                                                         (May)

Figure 2. Pictorial view of Montane grasslands of Majathal Wildlife Sanctuary

RESULTS

The exploration of the sub-tropical montane
grassland ecosystem of MWLS revealed the presence
of a diverse population of birds consisting of 34
species, belonging to 29 genera, spread over 19
families and 5 orders. Of these, 8 species were
resident, 14 species were resident with vertical

Figure 3. Relationship between population trend and residential status of observed species in the habitat
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movement, 4 species were resident with local
movement, 3 species were resident with seasonal
movement, 3 species were summer visitor, and 2
species were winter visitor (Fig. 3). According to
IUCN Red List, the global population trend of 6
species was noticed to be increasing (), 5 were
decreasing (), 22 were stable and the trend of 1
species was unknown (Fig. 3). The Indian Peafowl
and White-crested Kaleej Pheasant were documented
under Schedule-I (Part III) and Jungle Crow was
recorded under Schedule V and the remaining 31
birds were under Schedule IV of the Wildlife
Protection Act (IWPA 1972). A systematic list along
with their status, dependence, food, and nesting in
the habitat based on direct observation and Ali and
Ripley (1983 a,b) is presented in Table 1.

Out of the recorded bird species, 14 species were
found to be obligative grassland species and 20
species were facultatively dependent in the habitat
(Fig. 4). The former included pheasants, buntings,
finches, accentor, stonechat, prinia, and pipit and the
latter included species such as robins, chats, bulbuls,
and thrushes. Muscicapidae was the most dominant
and species-rich family with 6 species and the second
most abundant family was Phasianidae, comprising
4 species that belong to the order Galliformes. These
4 species of Phasianidae family were totally
dependent on the grassland habitat as this family
consists mainly ground-dwelling birds. The 16
species of birds prefer to nest in the grassland habitat
whereas 18 species were observed to be partly
dependent on grasslands, as they use grass to
construct their nests. The large-billed crow was
observed using the grassland habitat as a roosting
ground during dusk.

The 14 grass genera and 7 herb genera were
abundantly noticed in the sanctuary. The
Cymbopogon, Cynodon, Imperata, Heteropogon, and
Sacharum genera were observed to be dominant and
important genera among various grass genera. It was
observed that Serinus pusillus primarily consumed
seeds of Artemisia as their main food source. Some
common obligate inhabitant species of montane
grasslands such as Red junglefowl (Gallus gallus),
Common Stonechat (Saxicola torquata), White-
crested Kaleej Pheasant (Lophura leucomelanos),
Indian Peafowl (Pavo cristatus), Black francolin
(Francolinus francolinus) and Red-headed Tit

(Aegithalos concinnus) were observed feeding on the
seeds and insects. The insects found in montane
grasslands such as grasshoppers, beetles, ants, grubs,
and caterpillar larvae of many insects and bugs
constitute an essential diet for the obligative and
facultative inhabitants. The 26 species of birds
namely Himalayan Prinia, Altai Accentor, Common
Stonechat, Indian Robin, and Pied Bushchat were
partly dependent on insects found in the grasslands
(Table 1).

The relationship between grasses and birds were
further evaluated with the Pearson correlation
method and their number were counted monthly from
February to June (Fig. 5). This method has yielded
an r-value of 0.798842 which indicated that a strong
positive correlation exists between grasses and birds.

DISCUSSION

The grass-like Cynodon dactylon (Doob grass) was
observed to be the main nesting habitat for several
ground-nesting passerine birds such as the Oriental
skylark, Indian Paddy Pipit, and Black-Winged Stilt
(Ali and Ripley 1969, Nair and Pandav 2015). Similar
observations were also recorded in the MWLS. The
16 species of birds preferred to nest in the grassland
habitat whereas 18 species were observed to be partly
dependent on grasslands, as they use grasses to build
their nest.

Many bird species, such as sage sparrows and
horned larks, rely heavily on the Artemisia plant
(Baker et al. 1976, Weins and Rotenberry 1981,
Reinkensmeyer 2007). In MWLS among granivorous
birds Crested bunting, Eurasian collared dove, and
White-capped bunting were found to be dependent
on the seeds of Amaranthus sp., Cymbopogon sp.,
Polypogon sp. Artemisia plants usually produce seeds
during February and March, hence a good number
of Fire-fronted Serin was observed. Furthermore, the
common Rosefinch was observed consuming seeds
from the Polygonum sp. plant in the sanctuary.

Grasshoppers serve as an important source of prey
for insectivorous birds in grassland habitats
(McEwen 1987, Wiens and Rotenberry 1979,
Manakadan 2014). The healthy population of
grasshoppers and other insects in the grasslands of
Majathal Wildlife Sanctuary accounts for the
presence of fair diversity of insectivorous birds.
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Habitat loss and degradation are accounting for
the decline in the population of grassland-dependent
birds in many countries (Goriup et al. 1991, Sauer et
al. 2008, Vickery et al. 1999, Johnson and Igl 2001,
Manakdan 2014). In the Himachal Pradesh region
of NWH, there are negligible scientific studies on
ecology and various other aspects of grassland and
meadows-dependent birds. These habitats provide
breeding and feeding grounds to many important bird
species such as Red Junglefowl (Gallus gallus),
Common Stonechat (Saxicola torquata), White-
crested Kaleej Pheasant (Lophura leucomelanos),
Indian Peafowl (Pavo cristatus), Black francolin
(Francolinus francolinus) and Red-headed Tit
(Aegithalos concinnus) in the sanctuary.

It was observed that the grasslands in Majathal
Wildlife Sanctuary are under stress due to many
anthropogenic activities such as fire, livestock and
household purposes. The Himalayan sub-tropical
montane grasslands are highly vulnerable to fires
during the summer season (March to May), which is
the breeding period of many ground-dwelling birds.
Therefore, fires can have negative effects on these
birds including the destruction of nests and chick
mortality. The timing and frequency of fire can
greatly impact the survival of bird species that require
specific habitats. Nomadic pastoralism, a traditional
form of human livestock-grassland interaction, is still
predominant in the mountainous reaches of the
Himalayas (Roy and Singh 2013). The Gaddi, a
pastoral community, inhabit the MWLS and rely on
it for their livestock, particularly sheep and goats.
The increase in livestock population is accounting
for excessive stress on the grasslands, furthermore,
cutting of trees, burning of grass, and conversion of
grasslands into agricultural fields (Douglas 2023)
coupled with other activities like introduction/
presence of exotic species of grass/plants are
accounting for dwindling area of grasslands in the
many parts of HP including MWLS.

Studies in other regions of the world have
demonstrated that carefully managed areas can have
a positive impact on declining species (Swengel
1996, Jacobski et al. 2017). Since the grass was found
to be essential for the sustenance of 34 important
species of birds in the sanctuary, therefore it is
important to devise suitable management practices
to protect the existence of grasslands in the sanctuary.
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Figure 5. Pearson correlation between grass and bird

Figure 4. Associations of obligative and facultatively dependent birds on montane grassland for feeding
and nesting
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Gallus gallus (Linnaeus 1758) Eudynamys scolopaceus (Linnaeus 1758)

Serinus pusillus (Pallas 1811) Aegithalos concinnus (Gould 1855)

Photo Plate. Glimpses of avifauna of the Majathal Wildlife Sanctuary

Lophura leucomelanos (Linnaeus 1766) Pavo cristatus (Linnaeus 1758)
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CONCLUSIONS

This study has emphasized the importance of the
subtropical montane grassland ecosystem as a crucial
habitat for grassland-dependent birds. The
composition of bird species in the grassland habitat
is found to be impacted by many factors such as fire
in the habitat, grazing pressure, and anthropogenic
disturbances like developmental activities. Thus, the
conservation of grassland birds requires management
practices that ensure the perpetuation of grassland
habitats. The present work provides baseline data
regarding the composition and diversity of grassland
birds and their association with different flora. It is
hoped that this work will help to design proper
strategies for the sustenance and preservation of
grassland birds in MWLS.

ACKNOWLEDGEMENTS

The authors are grateful to the Principal Chief
Conservator of Forest (PCCF) Wildlife, Chief
Wildlife Warden (CWW), Himachal Pradesh Forest
Department, and DFO Wildlife (Shimla) for granting
permission and necessary logistic support to carry
out present work in Majathal Wildlife Sanctuary of
District Solan and Shimla. The authors are thankful
to the University Grants Commission (UGC) for
giving the financial support during the fieldwork. The
authors are grateful to the Chairperson, Department
of Biosciences, Himachal Pradesh University,
Shimla, for his support to carry out the present
research work.

Authors’ contributions: Both the authors
contributed equally

Conflict of interest: Authors declare no conflict of
interest

REFERENCES

Akash, M., Khan, T. and Chowdhury, S.U. 2018. Association
of grassland birds with Saccharum-Imperata patch in a
northeastern tea estate of Bangladesh. Journal of
Threatened Taxa, 10(7), 11831-11843.

Ali, S. and Ripley, S.D. 1969. Handbook of the Birds of India
and Pakistan together with those of Nepal, Sikkim, Bhutan
and Ceylon. Oxford University Press, New Delhi. 1-10.

Ali, S. and Ripley, S.D. 1983. Handbook of the Birds of India
and Pakistan. Oxford University Press, New Delhi.

Baker, M.F., Eng, R.L., Gashwiler, J.S., Schroeder, M.H. and
Braun, C.E. 1976. Conservation committee report on
effects of alteration of sagebrush communities on the
associated avifauna. Wilson Ornithological Society, 88(1),
165-171.  https://www.jstor.org/stable/4160730

Baral, H.S. 2001. Community Structure and Habitat
Associations of Lowland Grassland Birds in Nepal.
University of Amsterdam, Amsterdam.

Baral, H.S. 2007. Can community managed grassland help
maintain globally threatened bird populations. The
Initiation, 1, 62-64. https://doi.org/ 10.3126/init.v1i0.2682

Bibby, C.J., Burgess, N., Hill, D. and Mustoe, S. 2000. Bird
Census Techniques. Academic Press Limited, London.

Bucher, E.H., and Nores, M. 1988. Present status of birds in
steppes and savannas on northern and central Argentina.
Pp. 71-79. In: Goriup, P.D. (Ed.). Ecology and
Conservation of Grassland Birds. ICBP Technical
Publication no. 7. International Council for Bird
Preservation, Cambridge, U.K.

Chandran, M. 2015. Grassland vegetation of India: An update.
In: Rawat, G.S. and Adhikari, B.S. (Eds.). ENVIS Bulletin:
Wildlife and Protected Areas, Vol 17: Ecology and
Management of Grassland Habitats in India. Wildlife
Institute of India, Dehradun. 15-17.

Collar, N.J. 1996. The Conservation of Grassland Birds:
Towards a Global Perspective. pp 9-18. In : Gutierrez, J.F.
and Zuasti, J.S. (Eds.). Conservation de las Aves Esteparias
y su Habitat, Junta de Castilla y Leon, Valladolid.

Douglas, D.J.T., Waldinger, J., Buckmire, Z., Gibb, K., Medina,
J.P., Sutcliff, L., Beckmann, C., Collar, N.J., Jansen, R.,
Kamp, J., Little, I., Sheldon, R., Yanosky, A., and Koper,
N. 2023. A global review identifies agriculture as the main
threat to declining grassland birds. International Journal
of Avian Science, 165(4), 1107-1128. https://doi.org/
10.1111/ibi.13223.

Gaston, A.J. 1980. Census techniques for Himalayan pheasants
including notes on individual species. Journal of World
Pheasant Association, 5, 40-53.

Glover, F.A. 1969. Birds in Grassland Ecosystems. The
Grassland Ecosystem: A preliminary synthesis,
Proceedings of the Information Synthesis Project. Colorado
State University, Colorado.

Goriup, P.D. 1992. Europe’s Vanishing Lowland Dry
Grasslands. RSPB Conservation Review, 6, 82-86.

Goriup, P.D., Batten, L.A. and Norton, J.A. 1991. The
conservation of lowland dry grassland birds in Europe.
Joint Nature Conservation Committee, Peterborough and
The Nature Conservation Bureau, Berkshire, UK. 1-136.

Grimmett, R.F., Inskipp, C. and Inskipp, T. 1998. Birds of the
Indian subcontinent. Christopher Helm, London.

Iqbal, P., McGowan, P. and Rahmani, A.R. 1994. Ecology and
Behaviour of the Swamp Francolin Francolinus gularis in
Dudhwa National Park. Annual Progress Report.
Unpublished. Wildlife Institute of India, Dehradun.

IUCN. 2020. The IUCN Red list of Threatened Species.
Version 2020.2.



50 (2): 209-222        Kaur & Banyal : Avifaunal diversity in grasslands of Himachal      221

IWPA. 1972. https://www.wiienvis.nic.in/Database/
ScheduleSpeciesDatabase_7969.aspx (update dt. 28/4/
2014).

Jacobski, L.I., Paulsen, R.K. and Hartz S.M. 2017. Bird-
grassland associations in protected and non-protected areas
in southern Brazil. Perspectives in Ecology and
Conservation, 15(2), 109-114. https://doi.org/10.1016/
j.pecon.2017.05.002

Jahan, I., Savini, T., Thompson, P.M., Round, P.D. and Gale,
G.A. 2022 Microhabitat variables influencing the presence
and abundance of birds in floodplain grassland of the lower
Ganges and Brahmaputra rivers, Bangladesh. Global
Ecology and Conservation Global Ecology and
Conservation, 38, e02201. https://doi.org/10.1016/
j.gecco.2022.e02201

Johnson, D.H. and IGL, L.D. 2001. Area requirements of
grassland birds: a regional perspective. The Auk, 118(1),
24-34. https://doi.org/10.1093/auk/118.1.24

Joshi, A.A., Sankaran, M. and Ratnam, J. 2018. ‘Foresting’
the grassland: Historical management legacies in forest-
grassland mosaics in southern India, and lessons for the
conservation of tropical grassy biomes. Biological
Conservation, 224, 144-152. https://doi.org/10.1016/
j.biocon.2018.05.029

Kazmierczak, K. 2000. A Field Guide to the Birds of India,
Sri Lanka, Pakistan, Nepal, Bhutan, Bangladesh and
Maldives. Om Book Service, New Delhi.

Knopf, E.L. 1994. Avian assemblages on altered grasslands.
Studies in Avian Biology. 15, 247-257.

https://sora.unm.edu/sites/default/files/SAB_015_1994%
20P247257_Avian%20Assemblages%20on%20Altered%
20Grasslands_Fritz%20L.%20Knopf.pdf

Lele, A., Arasumani, M., Vishnudas, C.K., Joshi, V., Jathanna,
D. and Robin, V.V. 2020. Elevation and landscape change
drive the distribution of a montane, endemic grassland bird.
Ecology and Evolution, 10, 7756-7768. https://doi.org/
10.1002/ece3.6500

Leslie, J.K. 1996. Pastures for prosperity. Tropical Grasslands,
30, 1.

Liu, Y., Zhou, R., Ren, H., Zhang, W., Zhang, Z., Zhang, Z.
and Wen, Z.  2021. Evaluating the dynamics of grassland
net primary productivity in response to climate change in
China. Global Ecological Conservation, 28, e01574. https:/
/doi.org/10.1016/j.gecco.2021.e01574

Majumdar, N. and Brahmachari, G.K. 1986. Major grassland
types of India and their bird communities: A conservation
perspective. pp. 187-204. Ecology and Conservation of
Grassland Birds, Technical Publication No. 7. International
Council for Bird Preservation, Cambridge.

Manakadan, R. 2014. The grassland birds of Rollapadu
Wildlife Sanctuary, Andhra Pradesh, India, with special
reference to the impact of grazing-free enclosures. Journal
of the Bombay Natural History Society, 111(2), 81-89.

Manakadan, R. and Pittie, A. 2001. Standardised common and
scientific names of the birds of Indian Subcontinent.
Buceros, 6(1), i–ix, 1–38.

Marques, A.T., Moreira, F., Alcazar, R., Delgado, A., Godinho,
C., Sampaio, H., Rocha, P., Sequeira, N., Palmeirim, J.M.

and Silva, J.P. 2020. Changes in grassland management
and linear infrastructures associated to the decline of an
endangered bird population. Scientific Reports, 10, 15150.
https://doi.org/10.1038/s41598-020-72154-9

McEwen, L.C. 1987. The function of insectivorous birds in
shortgrass IPM system. Pp. 324-333. In: Capinera, J.P.
(Ed.): Integrated Pest Management on Rangeland. West
View Press, Colorado, USA.

Mcnicholl, M.K. 1988. Ecological and human influences on
Canadian populations of grassland birds. Pp. l-12. In:
Goriup, P.D. (Ed.). Ecology and Conservation of Grassland
Birds. ICBP Technical Publication no. 7. International
Council for Bird Preservation, Cambridge, U.K

Nair, M.V. and Pandav, B. 2015. Cynodon dactylon (L.) Pers:
A Pinch Period Fodder Resource for Wild Ungulates and
Nesting Habitat for Certain Ground-nesting Birds. An
update. In: Rawat, G.S. and Adhikari, B.S. (Eds.). ENVIS
Bulletin: Wildlife and Protected Areas, Vol 17: Ecology
and Management of Grassland Habitats in India. Wildlife
Institute of India, Dehradun. 216.

Narayan, G. and Rosalind, L. 1990. Status and Ecology of the
Lesser and Bengal Floricans. Bombay Natural History
Society, Bombay.

Negi, S.S. 2002. Handbook of National Parks, Wildlife
Sanctuaries and Biosphere Reserves in India. Indus
Publishing Company, New Delhi.

Peet, N.B., Watkinson, A.R., Bell, D.J. and Sharma, U.R. 1999.
The conservation management of Imperata cylindrica
grassland in Nepal with fire and cutting: An experimental
approach. Journal of Applied Ecology, 36(3), 374-387.
https://doi.org/10.1046/j.1365-2664.1999.00405.x

Peterjohn, B.G. and Sauer, J.R. 1999. Population status of
North American grassland birds from the North American
Breeding Bird Survey 1966-1996. Pp. 27-44. In: Vickery,
P.D. and Herkert, J.R. (Eds.). Ecology and Conservation
of Grassland Birds of the western Hemisphere. Proceedings
of a Conference, Tulsa, Oklahoma, October 1995. Studies
in Avian Biology No. 19. Cooper Ornithological Society,
Camarillo, California.

Rahmani, A.R., Islam, Z.U.M. and Kasambe, R.M. 2016.
Important bird and biodiversity areas in India: Priority sites
for conservation. Revised and updated 2nd ed. India:
Bombay Natural History Society, Indian Bird Conservation
Network, Royal Society for the Protection of Birds, and
BirdLife International (UK). Vol. 1, i–xii, 1002 pages.

Rahmani, A.R. 1992. Threatened fauna of the Indian
grasslands. pp 143-150. In: Singh, K.P. and Singh, J.S.
(Eds.). Tropical Ecosystems: Ecology and Management,
Wiley Eastern, New Delhi.

Reinkensmeyer, D.P., Miller, R.F., Anthony, R.G. and Marr,
V.E. 2007. Avian community structure along a mountain
big sagebrush successional gradient. Journal of Wildlife
Management, 71(4), 1057-1066. https://doi.org/10.2193/
2005-702

Rosenberg, K.V., Dokter, A.M., Blancher, P. J., Sauer, J.R.,
Smith, A.C., Smith, P. A., Stanton, J.C., Panjabi, A., Helft,
L. and Parr, M. 2019. Decline of the North American
avifauna. Science, 366, 120-124. https://doi.org/10.1126/



222       Kaur & Banyal : Avifaunal diversity in grasslands of Himachal Int. J. Ecol. Env. Sci.

science.aaw1313
Roy, A.K. and Singh, J.P. 2013. Grasslands in India: Problems

and perspectives for sustaining livestock and rural
livelihoods. Tropical Grasslands – Forrajes Tropicales, 1,
240-243. https://krishi.icar.gov.in/jspui/bitstream/
123456789/6092/1/94-203-4-PB.pdf

Sauer, J.R., Hines, J.E. and Fallon, J. 2008. The North
American Breeding Bird Survey, Results and Analysis
1966-2007, version 5.15.2008. U.S. Geological Survey
Patuxent Wildlife Research Centre, Laurel, Maryland.

Shah, J.N., Kalsi, R., Kaul, R. and Khan, J.A. 2015. Response
of broadcast calls of cheer pheasant Catreus wallichii on
raptors in Majathal-Harsang Wildlife Sanctuary, Himachal
Pradesh, India. Indian Forester, 141(10),1103.

Singh, J.P., Radotra, S. and Roy, M.M. 2009. Grasslands of
Himachal Pradesh. IGFRI (Indian Grassland and Fodder
Research Institute), Jhansi, UP, India.

Sutherland, W.J. 1996. Ecological Census Techniques: A
Handbook. Cambridge University Press, Cambridge.

Swengel, A.B. 1996. Effects of fire and hay management on
abundance of prairie butterflies. Biological Conservation,
76, 73–85. https://doi.org/10.1016/0006-3207(95)00085-
2

Thomas, S. and Palmer, M. 2007. The montane grasslands of
the Western Ghats, India. Community ecology and
conservation. Community Ecology, 8(1), 67-73. https://
doi.org/10.1556/ComEc.8.2007.1.9

Vickery, P.D. and Herkert, J.R. (Eds.) 1999. Ecology and

Conservation of Grassland Birds of the western
Hemisphere. Proceedings of a Conference, Tulsa,
Oklahoma, October 1995. Studies in Avian Biology No.
19. Cooper Ornithological Society, Camarillo, California.
vii + 299 pages.

Vickery, P.D., Tubaro, J.M.C. Da Silva, Peterjohn, B.G.,
Herkert, J.R. and Cavalcanti, R.B. 1999. Conservation of
birds in the Western Hemisphere. Pp. 2-26. In: Vickery,
P.D. and Herkert, J.R. (Eds.). Ecology and Conservation
of Grassland Birds of the western Hemisphere. Proceedings
of a Conference, Tulsa, Oklahoma, October 1995. Studies
in Avian Biology No. 19. Cooper Ornithological Society,
Camarillo, California.

Wang, D., Wang, L., Liu, J., Zhu, H. and Zhong, Z. 2018.
Grassland ecology in China: perspectives and challenges.
Frontiers of Agricultural Science and Engineering, 5(1),
24–43. https://doi.org/10.15302/J-FASE-2018205

Weins, J.A. and Rotenberry, J.T. 1979. Diet niche relationship
among North American grassland birds and shrub steppe
birds. Oecologia, 42, 253-292. https://doi.org/10.1007/
BF00346594

Wiens, J.A. and Rotenberry, J.T. 1981. Habitat associations
and community structure of birds in shrub steppe
environments. Ecological Monographs, 51(1), 21-42.
https://doi.org/10.2307/2937305

WIIENVIS. 2023. EIACP Programme Centre Wildlife &
Protected Areas Management. National Wildlife Database
Centre, Wildlife Institute of India, Dehradun.

Received:18th October 2023
Accepted: 20th December 2023


