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The present work is aimed at comparing the various diversity indices applied to crustacean community
assemblages in the Wular Lake during September 2010 to August 2011. In all, 42 taxa were identified, of
which 23 were Cladocera, 16 were Copepoda and only 3 were Ostracoda. Different species have
different ecological requirements which enable them to thrive well in their ecological niches which
determine the patterns and extent of community structure in an ecosystem. Various indices were used
to assess the basic community structure of crustacean zooplankton, their species distribution and
interactions so as to have an insight into the ecosystem health at large. The study further reveals direct
relationship between Shannon-Wiener, Simpson and high evenness indices. However, sensitivity to
sample size is an important aspect in majority of the indices.
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INTRODUCTION

Species in the natural community behave differently to
the varying environmental conditions (Soininen, 2007;
Van Dam et al., 1994; Shah et al., 2013; Shah and
Pandit, 2013), whether abiotic (Rindi and Batelli, 2005;
Charles et al., 2006) or biotic (Coleman, 2002; Under-
wood and Chapman, 1996), as a consequence diverse
niche organizations come into being which consequently
result in the evolution of diverse communities. Use of
different diversity indices continue to elevate disagree-
ment among the naturalists, whether there exists a
biological relationship between them or not (Johnson and
Raven, 1970; Auclair and Goff, 1971; Risser and Rice,
1971). Early researchers interpret their results as the
number of species per sample or per liter as an index of
their diversity. However, such a vague procedure does
not help in distinguishing the relative abundance in terms
of community structure of the different species besides
other characteristics. Diversity indices are important
statistical measure used to characterize richness (the

number of species) and evenness (how uniform abundant
species are in a sample) of the species in the community
(Magurran, 1988) and is used as a tool for determining
the health and pollution of an ecosystem (Norris and
Georges, 1993; Schmitz and Nadel, 1995; Guerold, 2000).
Consequently, different indices of diversity were taken
into account to highlight their importance with respect to
crustacean community.

MATERIALS AND METHODS
Study area

Woular Lake, the largest freshwater lake in Indian subcontinent, is a
shallow macrophyte dominated rural valley lake, located 34 km
north-west of Srinagar city in the valley of Kashmir between 340 16’
-340 20’ N latitude and 740 33’ — 740 44’ E longitude. The lake is
mono-basined, elliptical in shape and is of fluviatile origin, formed
by the meandering of River Jhelum. It lies at an altitude of 1580 m
(a.m.s.l.) and its depth on an average is 3.6 m though reaching 5.8
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Figure 1. Map of Wular Lake with five sampling sites.

Table 1. Location of five study sites in Wular Lake.

Site Latitude Longitude Distinguishing features
| 34°21" 51" N 74° 39°42° E Anthropogenic pressures
Il 34°24" 15" N 74° 32 '35"E Good macrophytic growth
1 34°21° 29" N 74° 31" 48" E Profuse growth of macrophytes
\% 34°17°43" N 74°31°30" E Centre of lake basin
V 34° 17 16" N 74° 30 '25" E Near outlet of the lake

m at its deepest point. The major inflows to the Wular Lake are
River Jhelum and streams like Gurror, Madhumati and Erin. The
lake plays a significant role in the hydrographic system of Kashmir
valley by acting as a huge reservoir and absorbs high annual flood
of River Jhelum. The largest freshwater shallow lake in 1990 has
assumed the status of Ramsar Site, a Wetland of International
Importance. Five study sites differing in various characteristics were
chosen for conducting the present study (Figure 1 and Table 1).

For qualitative analysis, crustacean samples were collected on
monthly basis at five different study sites. Samples were collected
on monthly basis from September 2010 to August 2011 by filtering
100 L of subsurface lake water through Birge conical crustacean
net having a mesh size of 75 um. Preservation of the samples was
carried out in 4% formalin. Identification of the crustaceans was
done with the help of standard works of Pennak (1978) and
Edmondson, (1992). Counting of crustaceans was carried out with
the help of Sedgewick Rafter plankton counting chamber and the

results are expressed as individual per litre (ind./l.). Results of
various diversity indices are depicted on annual mean basis and
are calculated by the software Past. Pearson correlation coefficient
(SPSS statistical version 11.5 for Windows 7) was used to further
authenticate the results.

RESULTS AND DISCUSSION

The three groups of Crustacea comprising Cladocera
(23), Copepoda (16) and Ostracoda (3) were recorded
during the entire study. Eight diversity indices used were
Dominance, Shannon-Wiener index (1949), Simpson
(1949), Evenness, Menhinick (1964), Margalef (1968),
Fisher_alpha (Fisher et al., 1943) and Berger-Parker
(1970) to find out the interrelationship between them



Table 2. Diversity indices* at five study sites of crustaceans from
September 2010 to August 2011 in Wular Lake.

Cladocera Copepoda Ostracoda

Site |

Dominance 0.17 0.18 0.38
Shannon 0.79 0.99 1.04
Simpson 0.22 0.31 0.37
Evenness 0.48 0.58 0.46
Menhinick 0.47 0.40 0.30
Margalef 1.08 0.99 0.44
Fisher_alpha 1.34 1.21 0.58
Berger-Parker 0.23 0.25 0.50
Site Il

Dominance 0.12 0.28 0.17
Shannon 2.19 1.86 1.09
Simpson 0.41 0.47 0.27
Evenness 0.95 0.52 0.86
Menhinick 0.46 0.39 0.36
Margalef 1.41 1.66 0.47
Fisher_alpha 1.73 2.01 0.63
Berger-Parker 0.18 0.51 0.38
Site Il

Dominance 0.06 0.28 0.34
Shannon 3.95 3.22 3.37
Simpson 0.54 0.44 0.36
Evenness 0.99 0.86 0.75
Menhinick 0.75 0.44 0.36
Margalef 3.00 1.93 0.62
Fisher_alpha 3.97 2.37 0.79
Berger-Parker 0.11 0.67 0.50
Site IV

Dominance 0.08 0.09 0.24
Shannon 2.58 2.41 1.09
Simpson 0.92 0.81 0.66
Evenness 0.64 0.48 0.45
Menhinick 0.60 0.55 0.35
Margalef 2.07 1.76 0.47
Fisher_alpha 2.63 2.21 0.63
Berger-Parker 0.29 0.25 0.38
Site V

Dominance 0.27 0.25 0.22
Shannon 2.00 1.75 1.09
Simpson 0.73 0.75 0.66
Evenness 0.47 0.54 0.44
Menhinick 0.48 0.36 0.32
Margalef 211 1.18 0.45
Fisher_alpha 2.61 1.42 0.60
Berger-Parker 0.50 0.42 0.38

*Annual mean
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(Table 2). The abundance of crustaceans (ind./l.) as
depicted in Figure 2 revealed marked spatial and tem-
poral variations during the study. Thus, Cladocera density
ranged from 229 ind./l. at site | to 1118 ind./l. at site V
while Copepoda registered its highest density (1089
ind./Il.) at site Ill as against its lowest (264 ind./l.) at site I.
Ostracoda, however, recorded its maximum population
density (124 ind./l.) at site IlI.

The most commonly used diversity indices used in
ecology are the Shannon (1948) and Simpson (1949)
(Buzas and Hayek, 1996; Gorelick, 2006). However, rich-
ness and evenness are the components of diversity
(Pielou, 1975; Omernik, 2003; Ricotta, 2003; Liu et al.,
2008). Simpson index is used to assess the dominance,
but fails to provide an idea about species richness.
Shannon-Wiener index is expected to determine both
diversity characteristics, that is, evenness and richness
(Melo, 2008) but does not provide any information on the
rare species which, however, are very important in stu-
dies of biodiversity. This implies that diversity cannot be
estimated just by one indices (Hayek and Buzas, 1997,
Purvis and Hector, 2000). Therefore, to overcome these
limitations different diversity matrices have been accen-
tuated in literature (Rényi, 1961; Daroczy, 1970; Aczel
and Daroczy, 1975; Patil and Taillie, 1982).

While assessing the crustacean community of Wular
Lake during the entire study period, dominance was
maximum for site 1 (0.38) and minimum (0.06) for site I,
reflecting complete dominance of few species at site I. In
biological communities, Shannon-Wiener diversity index
varies from 0 to 5. According to this index, values less
than 1 characterize heavily polluted condition, and values
in the range of 1 to 2 are characteristics of moderate
polluted condition while the value above 3 signifies stable
environmental conditions (Stub et al., 1970; Mason, 1988).
In the present study, Shannon Wiener index varied from a
lowest of 0.79 at site | to a highest of 3.95 at site Il as
regards Cladocera. Evenness index, however, varied
from a minimum of 0.44 at site V to a maximum of 0.99 at
site 1ll. During the entire study, parallel relationship of
Shannon-Wiener diversity index with high evenness index
was observed, reflecting the close correlation of these
two indices (r = 0.717; P<0.01) (Balloch et al., 1976).

Generally, Simpson index ranges from 0 to 1. Mature
and stable communities have high diversity value (0.6 to
0.9), while the communities under stress conditions,
exhibiting low diversity, usually show close to zero value
(Dash, 2003). Simpson diversity index is always higher
where the community is dominated by less number of
species and when the dominance is shared by large
number of species (Whittaker, 1965). In the present
study, Simpson index varied from 0.22 at site | to 0.92 at
site IV and as such site | experienced larger anthropo-
genic pressures. The present study also indicates that
whenever Simpson diversity index increases towards
higher value, the evenness index goes in antagonistic
directions and vice versa. Therefore, there seems to be
an inverse relationship between the two (Table 3; r =
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Figure 2. Crustacean population density at five sampling sites in Wular Lake during September 2010 to

August 2011.

Table 3. Inter-correlation between various indices based on Pearson coefficient

Dominance  Shannon Simpson Evenness Menhinick Margalef Fisher_alpha
Shannon -.668(**)
Simpson -.419(*%) .619(**)
Evenness -.334 T717(%Y) -.540(*)
Menhinick - 784(*%) .616(**) .501 .507(%)
Margalef -577(%) .663(**) .345 A84(*) .901(**)
Fisher_alpha -.597(**) .673(**) -542(*) .500(*) .922(**) .998(**)
Berger-Parker -.844(*%) .004 -.113 -.578(*%) -.622(**) .612(*) -.346

** Correlation at 0.01(2-tailed)... * Correlation at 0.05(2-tailed).

0.540; P< 0.05) (Walting et al., 1979). The results as
depicted by the same index were found highly correlative
with Shannon index (r = 0.619; P = 0.01) during the
present study (Tirkmen and Kazanci, 2010).

Margalef index has no limit value and it shows a
variation depending upon the number of species. Thus, it
is used for comparison of the sites (Kocatas 1992) and
takes only one component of diversity (species richness)
into consideration reflecting sensitivity to sample size.
The only advantage of this index is that we can compare
the richness of different study sites over the Simpson
index and that the values extend beyond 1 which is unlike
the Simpson index where the values range from 0 to 1. In
the present investigation, the values of Margalef diversity
index were between 0.44 at site | and 3.0 at site Il
Menhinick index, like Margalef's index, attempts to esti-
mate species richness but at the same time it is inde-
pendent on the sample size. In the present investigation,
it ranged from 0.30 for site | to 0.75 for site Ill. The low
diversity associated with site |, as ascribed by the
Shannon, Margalef and Menhinick indices, may be
attributed to lesser number of species and environmental
degradation due to anthropogenic pressures, besides
other biotic factors (Ravera, 2001). Berger-Parker index

was highest for Copepoda at site 11l (0.67) while it turned
to be lowest for Cladocera (0.11) at the same site,
signifying the fact that the higher the value of Berger-
Parker index, the higher the diversity and lower the
dominance. In contrast to the above two indices (Menhinick
and Margalef's indices), the Berger-Parker index depends
completely on evenness, and is simply the inverse of the
proportion of individuals in the community that belong to
the single most common species. Therefore, it depends
on the sensitivity to sample size as Margalef's index.

Fisher_alpha is the only diversity index that reveals
spatial and temporal distribution pattern of a species
(Rosenzweig, 1995) and is preferred because it has low
sensitivity towards the sample size and is relatively
insensitive to rare species (Kempton and Taylor, 1974;
Magurran, 1988). Unlike that of Menhinick index, it is
independent on sample size. However, indices like
Margalef and Berger-Parker tend to have very high sen-
sitivity towards sample size. Fisher’s alpha may be seen
as a measure of species richness in comparison to Sim-
pson index that is a measure of evenness (r = 0. 542; P =
0.05) (Gonzalez et al., 2010). During the entire study, the
highest value of Fisher_alpha (3.97) was evinced for site
[l while the lowest value (0.58) was registered at site I.



Like Shannon index, this index does not provide any
information regarding the rare species in the population
(Magurran, 1988).

Conclusions

The information depicted by majority of diversity matrices
can be used to determine (i) ecological amplitude of orga-
nisms (habitat qualities) (i) community structure in terms
of quantitative analysis (species richness, evenness) and
their interactions with the biotic or abiotic factors pre-
vailing in the area. Many diversity indices have high
diversity values for stable communities while the unstable
ones have low values due to environmental degradation
so that environmental reliability can be highlighted. In the
light of the above discussed facts it can be inferred that
Shannon-Weiner and Simpson diversities increases as
richness increase for a given pattern of evenness, and
increase as evenness increases for a given richness, but
they do not always follow the same trend. Simpson diver-
sity is less susceptible to richness and more sensitive to
evenness than Shannon index which in turn, is more res-
ponsive to evenness. At the other extreme, a third index
in this group, the Berger-Parker index, depends exclu-
sively on evenness; it is simply the inverse of the pro-
portion of individuals in the community that belong to the
single most common species, while the other indices
(Margalef and Menhinick) are dependent on the number
of species. Eventually, the options of index to be used
depend on the constraints of the researcher and the
value that the index reflects the quantitative interpretation
and understanding of the study under investigation.
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