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Abstract

This study was conducted to estimate species density and diversity of some
common resident bird species in relation to increasing human disturbance
along the bank of Dal Lake during summer 2013. Data were collected by
direct counts made on three fixed width transects (1 km long and 0.1 km
wide) which were marked on the road running along the bank of the lake.
These three transects represent a gradient of disturbance due to human
habitation whereby the first and farthest transect involved low degree and
the third transect involved a high level of disturbance. In total, 1,161 birds
belonging to 20 species were recorded. Mean bird density differed
significantly between transects (ANOVA; F = 3.494, P = 0.037) with the
highest being 67.7+26.80 birds/km® on the first transect and the least
density on the third transect (4.5+1.77 birds/km?). The maximum number of
bird species (19) was recorded in the low level disturbance transect
followed by the medium level of disturbance transect (15) and least in the
high level disturbance transect (5). The species studied showed their
wariness by avoiding unwanted human social interactions when it lives very
near human habitations despite being residents. The low density and low
diversity of these birds in the high human disturbance transect point to an
almost unbearable tolerance of these species to humans which might
ultimately force them to avoid human habitations leading to a more
impoverished environment.

1. Introduction

India. The Kashmir region in particular attracts

The state of Jammu and Kashmir is in the
Western Himalaya and Trans-Himalayan bio-
geographical region of India and lies between
the temperate Palaearctic and tropical Oriental
biogeographic regions of the world (Rahmani et
al. 2012). Because of its picturesque location
together with good climatic conditions, this
state is one of the most popular tourist
destinations in
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many domestic as well as international tourists
during the summer season.

Dal Lake is very popular with tourists
because of its scenic beauty but this lake also
serves as a stopover for thousands of migratory
and wintering birds especially during winter
from late October to late February. Despite the
aesthetic, economic and ecological values of
this lake, it faces severe threats from
eutrophication, siltation, encroachment,
pollution, etc. It was therefore felt important to
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Fig. 1. Study area depicting the three transects which represent three disturbance gradients

(1=Low; 2=Medium; 3=High) along the northern bank of the Dal Lake, Srinagar, Jammu and
Kashmir, India.

study and monitor the avifauna of this lake in
order to try and determine the factors which
might be affecting the bird species present in
one or more ways.

Several studies have been conducted on the
avian species of different wetlands of the valley
(Qadri 1980; Shah & Qadri 1988, Holmes &
Parr 1989; Shah et al. 2000; Fazili 2002; Khan
et al. 2004; Foziah 2009; Hussain et al. 2012)
and on the resident avifaunal diversity of this
lake (Nisar 2012; Kait et al. 2014). But none of
them have given a thought to try and analyse
the disturbance that might be very important in
shaping and regulating the social and ecological
behaviour of various species. According to
Burger & Gochfeld (1991), birds have to be
continuously vigilant in order to avoid
unwanted human social interactions,
approaching potential predators, search for
food, monitoring conspecific members for
mates, or, alternatively potential competitors.

In India, Burger & Gochfeld (1991) have
estimated flushing distances of some migrant
and resident birds in the presence of humans,
extrapolating tolerance and response distances.
While, generally the effects of human
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disturbance on
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either in

breeding
colonies (Kury
& Gochfeld,
1975; Robert &
Ralph 1975;
Ellison &
Cleary 1978;
Burger 1981;
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in the northern
most stretch of
Dal Lake during
the summer
season when
almost no winter
migratory bird is found. We expected that most
of the birds and species would be found away
from the disturbed human habitation areas. We
assumed traffic plying on the road would have a
uniform effect across the three transects since
moving traffic was continuous.

2. Study Area and Methods

2.1. Study area

Dal Lake is a large shallow urban, hyper
eutrophic lake (34" 05” - 34" 09’ N, 74" 50’ - 74°
53’ E, 1583 m a.s.l.), situated to the north-east
of Srinagar city in the Kashmir valley (Fig. 1).
The lake is known as a tourist attraction
providing recreational opportunities for tourists
and local people. Large areas of this lake are
covered by floating gardens, which are land
masses used for vegetable cultivation. This lake
has an approximate area of 25 km® comprised
of open water area, floating gardens, built-up
land masses with human settlements and
houseboats (which are large traditional wooden
boats by providing temporary accommodation
for tourists). Only about 15.4 km® consists of
open water with a maximum depth of 6 m. The
lake has also been observed to freeze over
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during extreme winters (~ —11 ‘C). Early spring
and summer are the wet periods when
maximum rainfall occurs - the average annual
rainfall recorded is 655 mm. It is in this season
that the snow thaws at higher altitudes and
results in maximum discharge in Dachigam and
Dara Nallah which flow into the lake.

2.2. Materials and Methods

2.2.1. Population estimation

The line transect method described by Gaston
(1975) was followed to study the population
density of birds from 28 June to 12 July 2013,
along a 4.5 km stretch (called Foreshore road).
Though many methods of avian population
enumeration are available, the line transect
method is preferred because of the nature of the
study area which is predominantly open with
sparse distribution of trees and vegetation along
the northern bank of Dal Lake. We divided this
road stretch into three 1 km long transects and
for each transect birds were counted in a 50 m
strip on both sides. The three transects represent
an increasing gradient of human disturbance
(e.g. vehicular traffic and human habitation)
from the first through to the third transect.
Counts were made early in the morning from
06:00h to 09:00h whereby each observation
recorded comprised species and the total
number of individuals involved. The transect
lines were separated from each other by a
distance of 500 m to account for independence
of observations and each was repeated five
times during the study period. A total of 15 km
of effort was attempted in transects by walking.
The data obtained were extrapolated to estimate
the bird densities per square km using the
following formula:

D= Number of birds /2 x L x W where, L=
Length of transect and W= half-width of
transect (i.e. 50 m). Double counting was
avoided by noting the direction of movements
of the birds while counting.

2.2.2. Species diversity indices
Species diversity, evenness and richness indices
such as the Shannon-Weiner Index (Shannon &
Weaver 1949), Simpson Index (Simpson 1949)
and Margalef Index (Margalef 1958) were used
to evaluate the bird species diversity.
Shannon-Weiner Index (H’): The Shannon-
Weiner Index assumes that individuals are
randomly sampled from an independently large

population and all the species are represented in
the sample. Shannon diversity is widely used
index for comparing diversity between various
habitats (Clarke & Warwick 2001). It was
calculated in order to know the species diversity
in different transects (Hutchison 1970) based on
the abundance of the species by the following
formula:

H" =-Y (p: x Inp;) where, p=is the proportion
of each species in the sample; Inp; = natural
logarithm of this proportion. The presence of
one individual of a species is not necessarily
indicative of the species being present in a large
number. The value of Shannon-Weiner
Diversity Index usually falls between 1.5 and
3.5, only rarely it surpasses 4.5.

Simpson Index (D): This measures the
probability that two individuals randomly
selected from a sample will belong to the same
species. Simpson gave the probability of any
two individuals drawn from a noticeably large
community belonging to different species. It
has been measured by the given formula:
D=1-{3nxm-1)/Nx(N-1)} where, n=
the total number of birds of a particular species
and N = the total number of birds of all species.

Margalef’s Index (RI): This evaluates the
species richness of a sample. We chose it for its
ease of calculation and its widespread use
(Magurran 2004). It is calculated by:

RI =S - 1/InN where, S= total number of bird
species in a sample and N= total number of bird
individuals in the sample.

3. Results

A total of 20 species of birds were counted
amounting to 1,161 individuals. Among the
three transects maximum number of bird
individuals were recorded on the first transect
(which has the lowest level of disturbance)
followed by the second transect (which has a
medium level of disturbance) and the least
number of birds on third transect (which has the
highest degree of disturbance) (Fig. 2). It was
found that amongst the bird species, House
Crow Corvus splendens has the highest density
(2053 + 4890 birds/km®) followed by
Common Myna Acridotheres tristis (124 =+
68.54 birds/km®) whereas the Night Heron
Nycticorax nycticorax and Large-billed Crow
Corvus macrorhynchos are found to have the
least population density (0.67 + 0.1 birds/km’
each) (Fig. 3). The mean density (£SE) of birds
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differed  significantly = between transects
(ANOVA; F = 3494, P = 0.037) with the
maximum mean density of 67.7 + 26.80
birds/km® in the low level disturbance category
and the least in the high disturbance level
category (4.5 * 1.77 birds/km?) (Table 1).
Among the recorded species 40% (8) were
found in all three levels of disturbance, though
their densities were lower proportionally in the
highly disturbed area; 30% (6) species were
observed from the Ileast and moderately
disturbed areas and absent from the highly
disturbance area. Similarly, there were 20% (4)
species that appear only in the low disturbance
area and absent altogether from the medium to
highly disturbed areas. Only one species (5%)
i.e. Common Hoopoe Upupa epops appears in
both the medium and highly disturbed areas and
similarly Himalayan Bulbul Pycnonotus
leucogenys was the only species recorded from
the least as well the highly disturbed areas
(Table 1).

Table 2 represents the diversity indices of
the birds on transects whereby the medium
level disturbance category represents the
highest value of diversity Index (H) = 2.27
while the least value was in the high level
human disturbance area (H’ = 1.87). In terms of
evenness index, the medium level represents the
highest value (D = 0.87) and the least value by

the low level disturbance (D = 0.80). The low
level disturbance category depicts the
maximum value of richness (RI = 2.76)
followed by the other two levels which have
almost similar richness values.
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Disturbance gradient on three transects (1=Low; 2=Medium; 3=High)

Fig. 2. Number of birds recorded on each transect of
Dal Lake. Outer bars in each box indicate the 75th
and 25th percentiles, the line inside each box
indicates the median, and lines (error bars) represent
the maxima and minima.

Table 1. Density (km'z) of bird species recorded on each transect in varying disturbance levels.

r 20

F 18

- 16

- 14

F12

- 10

Species Low Medium High
Little Grebe Tachybaptus ruficollis 24 2 -
Night Heron Nycticorax nycticorax 2 - -
Indian Pond Heron Ardeola grayii 108 84 8
Cattle Egret Bubulcus ibis 4 - -
Little Egret Egretta garzetta 150 104 2
Black Kite Milvus migrans 36 12 -
Common Moorhen Gallinula chloropus 8 4 -
Whiskered Tern Chlidonias hybrida 6 - -
Rock Pigeon Columba livia 36 34 -
Eurasian Collared Dove Streptopelia decaocta 18 2 4
White-throated Kingfisher Halcyon smyrnensis 36 38 2
Common Kingfisher Alcedo atthis 48 48 4
Pied Kingfisher Ceryle rudis 80 64 -
Common Hoopoe Upupa epops - 8 4
House Crow Corvus splendens 516 82 18
Large-billed Crow Corvus macrorhynchos 2 - -
Himalayan Bulbul Pycnonotus leucogenys 20 - 2
Barn Swallow Hirundo rustica 32 66 -
Common Myna Acridotheres tristis 222 120 30
House Sparrow Passer domesticus 6 210 16
Mean Density (+SE) 67.7126.80 43.9+12.37 4.5+1.77
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Fig. 3. Overall density of each bird species (km™) recorded in the study transects. Error bars represent standard

error (£SE).

Table 2. Diversity of bird species recorded on each
transect in the study area.

Diversity Index Low Medium High
Shannon-Wiener Diversity 2.0789 2.2727 1.8792
Index (H')

Simpson's Evenness Index 0.8022 0.8765  0.8202
(1-D)

Margalef's Richness Index 2.7617 2.3009 2.3643

(RI)

4. Discussion

4.1. Species diversity and density

In this short study we present abundance
estimates of some of the common species found
along the northern bank of the Dal Lake during
summer 2013. We recorded 20 species during
the study of which five were summer migrants.
Nisar (2012) recorded a total of 76 species of
birds belonging to 34 families in and around
Dal Lake. These comprised 26 species of
summer visitors, 20 species of winter visitors,
21 species of residents and 9 species of local
altitudinal migrants. Kait e al. (2014) reported
a total of 54 species of which 25 were resident,
17 summer visitors and 12 winter migrants. The
population densities varied across the varying
degrees of disturbance (Fig. 2) with the
maximum number of recordings being on the
transect which had relatively low disturbance
from surrounding human settlements. This
clearly becomes more significant when we

move towards the third transect which almost
ended up in human habitation. Therefore, as the
human disturbance gradient increases from low
to high levels the number of sightings
decreases. This results in low records of even
those species which are more tolerant to
humans such as Common Myna, House
Sparrow and House Crow (Burger & Gochfeld
1991) (Table 1). The high density of House
Crow in the least disturbed area can be
attributed to a small willow sp. plantation
nearby which they use as their roosting or
nesting sites (as the study period falls within
their breeding season). Similarly, House
Sparrow density was high in the medium
disturbance transect which, in our opinion, was
due to presence of agricultural fields a little far
away which might have acted as food resource
for the sparrows. Species which are totally
intolerant and wary of human disturbance have
not been recorded in the transect with high level
of disturbance. The common species, found in
all three transects, which are generally
considered to be resilient to disturbance decline
in numbers as we move further towards the
increased disturbance and this is visible with
both terrestrial (e.g. Common Myna) and
waterbirds (e.g. Indian Pond Heron Ardeola
grayii and Kingfishers) alike (Table 1). Burger
& Gochfeld (1991) have estimated the flushing
distances of most of the species covered in this

51



Species diversity of Dal Lake, Kashmir— Noor et al.

study and have documented their tolerance and
responses.

It has been observed that the allocation and
abundance of numerous bird species are
determined by the composition of the
vegetation that forms a major element of their
habitats. As vegetation changes along complex
biological and environmental gradients, a
particular bird species can appear, increase or
decrease in number and vanish as the habitat
changes (Lee & Rotenberry 2005). Although
the first transect is richer in terms of avifaunal
species, more bird diversity was found in the
medium disturbance category. This could be
attributed to the uneven distribution of the
number of individuals in the species and thus an
artefact of the number of individuals in each
species of a sample. Nisar (2012) reported the
Shannon-Wiener diversity values in the range
1.78 to 3.48 at four sites in nearby locations of
our study location and the diversity values in
our study fall well under this range.

4.2. Conservation

This study shows the abundance of some
common species of birds which are often not
studied and ignored because of their low
conservation status in India. Although these
species are of Least Concern on the Red List of
the International Union for Conservation of
Nature (IUCN) but many of them are shown to
have decreasing population trends (IUCN
2014). The foremost species which has
garnered much attention in the recent past is the
House Sparrow which has been in decline in
India (Singh er al. 2013) and elsewhere
(Robinson et al. 2005). This is a matter of
concern since if this trend continues, many
common species will soon be uncommon to
find. Some of these species are more tolerant to
human presence but in the face of ever
increasing human pressure on their habitats
they may soon lose their ecological elasticity.
Meanwhile, other species which would also be
affected are their natural predator birds, thus
affecting the whole ecological balance.
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