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quantitative component of net plankton and registers Charophyta
dominance; Chlorophyta > Bacillariophyta > Dinozoa > Chrysophyta >
Cyanobacteria depict sub-dominance, and Euglenozoa and Cryptophyta
show poor abundance at the littoral and semi-limnetic regions. The
Composition richness of phytoplankton and abundance of phytoplankton, Charophyta,
Chlorophyta, Dinozoa, Chrysophyta and Cyanobacteria follow bimodal
spatio-temporal variations. Closterium, Cosmarium, Staurastrum,
Micrasterias, Netrium, Staurodesmus and Scenedesmus are notable
Rainwater fed genera, and 14 species collectively influence phytoplankton abundance.
Urban wetland Phytoplankton registers high species diversity, lower dominance and high
evenness. Amongst 15 abiotic factors, only the rainfall and sulphate exert
notable influence individually, while the canonical correspondence analysis
registers lower cumulative influence of the selected 10 factors on the littoral
and semi-limnetic phytoplankton assemblages. This study merits interest
for neglected biodiversity and ecology of small aquatic biotopes of India
and urban wetlands in particular.
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1. Introduction analysis globally " The small wetlands located in mod-

The small water bodies (ponds and wetlands) are con-  ified urban landscapes in particular are likely to depict
sidered as one of the “keystone systems” for biodiversity  the regional biodiversity interest by not following the
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pattern of reduced taxonomic richness expected in highly
modified urbanized environs ™. Further, an attention on a
renewed focus on limnology of small water bodies is ad-
vocated " in view of valuable ecological services. Con-
sidering the stated importance of small aquatic biotopes,
our study analyzes phytoplankton diversity of a small
urban wetland of northeast India (NEI) facing the threat of
habitat degradation.

Although phytoplankton have been surveyed from var-
ied freshwater environs of India since the last one century,
the useful works with a variable focus on phytoplankton
diversity are yet limited to the selected lacustrine systems
of Mizoram ) and Meghalaya "*'* states NEI, and north
Bengal " as well as the works from Kashmir "*"*), Him-
achal Pradesh "**” and Uttarakhand '** from northwest
India (NWI). Besides, other relevant works from NEI re-
late to the studies from the floodplain lakes of Assam >
and Manipur “**. The Indian literature, however, high-
lights lack of the detailed studies on plankton diversity of
small water bodies *” despite proliferation of causal re-
ports with limitations of sampling, species determinations
and data analysis '*'?. We extend this generalization to
neglected attention on phytoplankton diversity of urban
wetlands of India and NEI in particular.

Our study on phytoplankton diversity of a small urban
wetland of Meghalaya merits importance in light of the
global biodiversity and limnology interest of small aquat-
ic ecosystems, and lacunae on hydrobiological surveys
of urban wetlands of India. We analyze the littoral and
semi-limnetic phytoplankton assemblages of this wetland
to monitor the spatio-temporal variations of species com-
position, richness, abundance, notable genera, important
species, species diversity, dominance and evenness. Re-
marks are made on the individual and cumulative influ-
ence of abiotic factors on phytoplankton diversity. The
results of this study are discussed vis-a-vis useful related
reports from India and elsewhere from this sub-continent.

2. Material and Methods
2.1 Study Site

The present study is a part of August 2014-July 2015
limnological survey undertaken at the littoral (25°35'33.6"N;
91°53'46.6"E) and the semi-limnetic (25°36'30.3""N;
91°54'01.2"E) regions of a small urban wetland located in the
campus of North-Eastern Hill University, Shillong (Figure
1, A-C). This rain-water fed perennial wetland (~ 1.5 ha
area; referred as NEHU wetland) indicated Myriophyllum
verticillatum, Nelumbo nucifera, and Hydrilla verticillata

at the littoral region, while H. verticillata, Ipomoea aquat-
ica, Nymphoides indica, and Spirogyra agilis were noted
at the semi-limnetic region.

2.2 Abiotic Factors

The monthly water samples, collected from the two
regions, were examined for various abiotic factors. Water
temperature (WT), pH and specific conductivity (Cond)
were recorded with Whatman (USA) field probes; dis-
solved oxygen (DO) was estimated by the Winkler’s
method, and total alkalinity (TA), total hardness (TH),
calcium (Ca), magnesium (Mg), chloride (Cl), dissolved
organic matter (DOM), sulphate (SO,), phosphate (PO,),
nitrate (NO;) and silicate (Si0,) were analyzed vides
APHA P, The monthly rainfall data (Rain) was obtained
from the local meteorological station.

2.3 Sampling and Analyses

The qualitative and quantitative plankton samples were
collected monthly from the two regions by a nylobolt
net (#40 um) and were preserved in 5% formalin. The
former, collected by towing plankton net, were screened
with a Wild Stereoscopic binocular microscope, and were
observed with a Leica stereoscopic microscope. Phyto-
plankton species were identified following the selected
works ®'?*). The quantitative samples were obtained from
the two regions by filtering 25 L of water each through
plankton net. The quantitative analysis of phytoplankton
was done by using a Sedgewick-Rafter counting cell and
abundance of various taxa was indicated as n/L.

2.4 Data Analysis

The phytoplankton community similarities were calcu-
lated vide Serensen index, the hierarchical cluster analysis
was plotted using SPSS (version 20), and species diversity
(Shannon-Weiner index), dominance (Berger-Parker in-
dex) and evenness (E, index) were calculated "**"". The
significance of the spatial and temporal variations of the
abiotic factors and phytoplankton was ascertained by
ANOVA (two-way). Pearson correlation coefficients,
for the littoral and semi-limnetic regions (r, and r,, re-
spectively), were calculated between abiotic factors and
phytoplankton; p values (two-tailed) were calculated and
their significance was ascertained after Bonferroni correc-
tions. The cumulative influence of the selected 10 abiotic
factors: WT, Rain, Cond, TA, TH, PO,, NO,, SO,, SiO,
and DOM on the littoral and semi-limnetic phytoplankton
were ascertained by the canonical correspondence analy-
sis (CCA) using XLSTAT (version 2020).
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Figure 1. A, Map of India indicating location of Meghalaya state (red color); B, District map of Meghalaya indicating location
of Shillong city; C, Campus map of North-Eastern Hill University, Shillong showing NEHU wetland (blue color)

3. Results
3.1 Abiotic Factors

Water temperature, rainfall, pH, specific conductivity
and DO record variations between 12.0 °C-22.5 °C, 12.0
mm-1820.4 mm, 6.02—6.97, 31.0 uS/cm-51.0 pS/cm and
5.6 mg/L-7.6 mg/L, respectively. TA, TH, Ca, Mg and CI
range between 18.0 mg/L-30.0 mg/L, 20.0 mg/L-32.0 mg/L,

8.4 mg/L-27.3 mg/L, 2.7 mg/L-19.5 mg/L and 23.9 mg/L-
37.9 mg/L. DOM varies between 0.038 mg/L-0.180 mg/L,
while SO,, PO,, NO, and SiO, values range between 0.209 mg/L-
1.055 mg/L, 1.711 mg/L-7.898 mg/L, 0.356 mg/L-1.218 mg/L
and 0.216 mg/L-0.396 mg/L at the littoral and semi-lim-
netic regions (Table 1). ANOVA registers the significance
of the spatio-temporal variations of various abiotic factors
as listed in Table 2.
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Table 1. Temporal variations of abiotic parameters

Littoral region

Semi-limnetic region

Parameters|
RANGE MEAN+SD RANGE MEAN=+SD
WT (°C) 12.0-22.5 17.4+3.2 12.0-22.5 17.4+3.2
Rainfall (mm) 12.0-1820.4 609.4+652.2 12.0-1820.4 609.4+652.2
pH 6.02-6.97 6.43+0.29 6.40-6.99 6.59+0.19
Cond. (uS/cm) 31.0-50.0 34.8+5.4 32.0-51.0 37.445.4
DO (mg/L) 5.6-7.6 6.7+0.5 5.6-7.2 6.3+0.5
TA (mg/L) 18.0-28.0 22.7£3.3 20.0-30.0 24.0£3.5
TH (mg/L) 20.0-32.0 24.8+3.6 22.0-32.0 26.3+3.4
Ca (mg/L) 8.4-23.1 14.3+4.6 8.4-27.3 14.346.1
Mg (mg/L) 7.0-17.5 10.5-3.1 2.7-19.5 11.9+4.6
Cl (mg/L) 24.9-36.9 32.243.6 23.9-37.9 32.5+4.1
DOM (mg/L) 0.038-0.169 0.103+0.038 0.038-0.180 0.105+0.042
SO, (mg/L) 1.711-7.898 4.602+1.886 2.040-6.516 4.613£1.565
PO, (mg/L) 0.251-1.055 0.717+£0.250 0.209-1.035 0.748+0.247
NO, (mg/L) 0.356-1.214 0.780+0.319 0.503-1.128 0.832+0.253
SiO, (mg/L) 0.216-0.396 0.309+0.080 0.252-0.396 0.339+0.0527
Table 2. ANOVA indicating significance of abiotic factors
Parameters Regions Months
WT - Fy 0 = 7.981, P = 8.32E-05
pH Fo., =5.789, P=0.034 Fia =3.572, P =0.022
Cond F,, = 14.978, P =0.003 Fii. = 19.526, P = 1.12E-05
DO F,, = 3.667, P=0.081 -
TA F., = 5.500, P = 0.039 Fi.0, = 11.880, P =0.0002
TH F,,, = 11.880, P=0.005 Fi.0 = 20.307, P=9.9E-06
Ca . Fy12y = 20.047, P = 1.06E-05
Mg - Fj,;=6.920, P =0.002
cl . Fi.. = 35.850, P = 5.26E-07
DOM . Fi1.s = 63.170, P = 2.6E-08
SO, - Fy10s = 16.587, P = 2.74-05
PO, - F, 5 =21.024, P =8.3E-06
NO, . Fip0s = 35.140, P = 5.84E-07
Si0, - Fi 0 =2.924, P = 0.044

(-) insignificant variations

3.2 Phytoplankton Richness

The authors report 64 phytoplankton species (Table 3).
The littoral and semi-limnetic phytoplankton reveal 62
and 53 species, indicate monthly richness ranging between
29-58 and 35-50 species (Figure 2), and register 54.8-95.7

and 76.5%-95.9% community similarities, respectively.
The hierarchical cluster analysis (Figures 3-4) exhibits
differences in the cluster groupings. Charophyta includes
33 species and records monthly richness ranging between
12-32 and 15-20 species at the two regions, respectively.
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Figure 2. Species richness variations of the littoral and semi-limnetic phytoplankton
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Figure 3. Hierarchical cluster analysis of the littoral phytoplankton assemblage
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Figure 4. Hierarchical cluster analysis of the semi-limnetic phytoplankton assemblage
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Table 3. Temporal variations of phytoplankton

Taxa | | Littoral region | Semi-limnetic region
Richness
Phytoplankton 62 species: 29-58  46+10 53 species: 35-50 43+4
Community similarity 54.8%-95.7% 76.5%-95.9%
Charophyta 32 species: 12-32 26+6 29 species: 15-2019+1
Abundance (n/L)
Net Plankton 439-750 678+148 444-754 587+96
Phytoplankton 174-699 431+158 199-559 374+112
% of net plankton 39.2-75.1 61.4+11.4 48.0-75.5 63.2+9.6
Charophyta 99-433 259499 126-351 237473
% of phytoplankton 56.4-64.5 60.1 £2.5 59.4-68.7 63.2+£24
Chlorophyta 26-78 56+17 21-66 45423
% of phytoplankton 10.9-15.4 13.5+1.7 8.9-14.7 12.3£2.0
Dinozoa 12-64 35+17 16-44 28+10
% of phytoplankton 6.2-10.2 7.9+1.1 6.1-9.0 7.4+1.0
Bacillariophyta 10-38 2749 10-32 24+8
% of phytoplankton 4.0-10.5 6.5+1.9 4.3-10.1 6.4+1.6
Chrysophyta 10-40 2449 10-32 2048
% of phytoplankton 4.3-8.2 5.7+1.0 3.8-6.4 5.3+0.8
Cynaobacteria 10-43 25+11 10-28 17+6
% of phytoplankton 2.7-6.8 5.8+£1.2 3.8-6.4 4.6+0.7
Euglenophyta 0-7 0-5
Cryptophyta 0-3 0-3
Important genera (n/L)
Closterium 23-68 41+11 30-90 59+18
Cosmarium 27-92 59+20 2-52 39+7
Micasterias 8-48 26+12 14-40 26+9
Netrium 10-38 2549 12-35 2348
Scenedesmus 20-60 41+13 16-50 31£9
Staurastrum 17-64 48+21 16-72 42+17
Staurodesmus 8-48 27412 8-48 26+13
Important genera 115-442 268+94 132-386 247+74
% of phytoplankton 56.5-68.2 62.8+3.0 58.2-70.1 66.0+3.0
Important species (n/L)
Ceratium hirudinella 6-30 17+7 8-26 14+6
Closterium acrosum 10-46 26+10 18-36 24+7
Cosmarium contractum 10-40 25+8 18-40 25+8
Cosmarium decoratum 10-42 24+10 10-40 23+9
Dinobryon sociale 10-40 2449 10-32 20+8
Micrasterias arcuata 6-36 20+9 8-34 18+8
Navicula radiosa 10-28 20+6 8-28 16+6
Netrium digitus 10-30 21£7 10-30 19+6
Peridinium cincitum 6-30 177 8-2 1345
Scenedesmus acuminatus 12-48 33+11 6-32 15+8
Staurastrum arctiscon 8-44 24+11 10-34 20+8
Staurastrum freemani 6-36 20+8 8-32 17+8
Staurodesmus convergens 8-44 25+11 6-32 24+7
Spirulina agilis 10-30 18+7 8-26 16+6
Important species 132-522 313+113 140-440 275490
% of phytoplankton 54.1-80.5 73.3+4.7 69.2-92.4 74.5+6.1
Diversity indices
Species diversity 3.132-3.592 3.386+0.163 3.267-3.433 3.344+0.051
Dominance 0.066-0.103 0.103+0.020 0.060-0.088 0.076+0.008
Evenness 0.852-0.930 0.800+0.024 0.856-0.939 0.892+0.022
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3.3 Phytoplankton Abundance

Phytoplankton (Table 3) record abundance ranging be-
tween 174 n/L-699 n/L and 199 n/L-559 n/L (Figure 5), and
it comprises 39.2%-75.1% and 48.0%-75.5% of net plankton
abundance at the littoral and semi-limnetic regions, respec-
tively. Charophyta indicates abundance (Table 3) varying
between 84 n/L-192 n/L and 79 n/L-190 n/L (Figure 6).
Chlorophyta, Bacillariophyta, Dinozoa and Chrysophyta ab-

undance varies between 35-97 n/L and 24-73 n/L, 20-58 n/L
and 28-45 n/L, 21-41 n/L and 13-43 n/L, and 7-44 n/L and
8-48 n/L at the two regions (Table 3), respectively; these
groups indicate the spatio-temporal density variations as
shown in Figures 7-8. Euglenozoa (0-7 n/L and 0-5 n/L) and
Cryptophyta (0-3 n/L and 0-3 n/L) record poor abundance.
The spatio-temporal significance of richness and abundance
of phytoplankton (vide ANOVA) is indicated in Table 4.
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Figure 5. Temporal variations of the littoral and semi-limnetic phytoplankton abundance
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Figure 7. Temporal variations of abundance of the sub-dominant groups (Littoral region)
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Figure 8. Temporal variations of abundance of the sub-dominant groups (Semi-limnetic region)

3.4 Important Taxa and Diversity Indices

Closterium, Cosmarium, Micrasterias, Netrium,
Scenedesmus, Staurastrum and Staurodesmus are quantita-
tively notable genera at both the littoral and semi-limnetic
regions (Table 3). Ceratium hirudinella, Closterium acro-
sum, Cosmarium contractum, C. decoratum, Dinobryon
sociale, Micrasterias arcuata, Navicula radiosa, Netrium
digitus, Peridinium cincitum, Scenedesmus acuminatus,
Staurastrum artiscon, S. freemani, Staurodesmus conver-
gens and Spirulina agilis are notable species (Table 3) at

the two regions. Phytoplankton species diversity (Figure
9), dominance and evenness range between 3.132-3.592
and 3.267-3.433, 0.066-0.103 and 0.060-0.088, and 0.852-
0.930 and 0.856-0.939 at the two regions, respectively (Table
3). The spatio-temporal significance of species diversity,
dominance and eveness (vide ANOVA) is indicated in Ta-
ble 4.

3.5 Biotic Correlations

The significant corrections between phytoplankton as-
semblages are indicated in Tables 5 and 6.

Table 4. ANOVA indicating the spatio-temporal significance of phytoplankton

10

Parameters Regions Months
Richness

Phytoplankton Fy123=4.995, P=0.0008
Charophyta -

Abundance

Phytoplankton F\,;=14.383,P=10.003 F), 3= 30.121, P=1.3E-06
Charophyta F,2;=6.073,P=10.031 F, 3= 33.836, P=7.1E-07
Chlorophyta F\2;=24.371, P =0.0004 F)23=16.208, P=3.1E-05

Bacillariophyta
Dinozoa
Chrysophyta
Cyanobacteria
Important genera
Closterium
Cosmarium

Micrasterias

Fi.,=9.136,P=0.011
Fi.,= 11.624, P=0.006
F,,,= 38.029, P = 7F-05
F,,,=22.801, P = 0.0006
F,,= 14.032, P = 0.0032
F,, = 48.490, P = 2.4E-05
F,,=21.312, P=0.0007

]]23
1123
]]23
112’§
]]2'3
1123

1123

FIIZ3

=26.589, P=2.5E-06
=13.786, P= 6.8E-05
=72.314,P=1.3E-08
=10.017, P=0.0003
=75.679, P=9.9E-09
=11.693, P=0.0001
=3.252,P=10.031
9.646, P=0.0003
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Table 4 continued

Parameters Regions Months
Netrium - F)12=6.523, P=0.002
Scenedesmus F,,;=22.601, P=0.0006 F)12=9.102, P=0.0004
Staurastrum F,,3=12.843,P=0.004 Fy12;=46.175, P= 1.4E-07
Staurodesmus - Fy1,,=177.038, P=9.9E-11

Important species
Ceratium hirudinella
Closterium acrosum
Cosmarium contractum
Cosmarium decoratum
Dinobryon sociale
Micrasterias arcuata
Navicula radiosa
Netrium digitus
Peridinium cincitum
Scenedesmus acuminatus
Staurastrum arctiscon
Staurastrum freemani
Staurodesmus convergens
Spirulina agilis
Diversity indices
Species Diversity
Dominance

Evenness

F,,;=151.244, P =9.0E-08
F,,=7.032,P=0.022

F,,;=38.028, P=7E-05
F2;=9.843,P=0.010
Fy123= 10.569, P=0.008
F,;=18.184, P =0.001
F»=6.557,P=0.026
F, 5= 13.646, P = 0.003

F,,,=12.629, P = 0.004

F,,,=5.844, P=0.034

Flia5=41.052, P=2.6E-07
F,..,=10.045, P=0.0003
Fli25= 13.559, P= 7.4E-05
F,.,,= 102.458, P=1.9E-09
F,10,= 667.600, P= 6.9E-14
Fiiay=72.314, P= 1.3E-08
F,12,= 10.353, P=0.0003
F,..,= 10.345, P=0.0003
F.\ 5= 10.586, P=0.0002
Fiia,= 6.324, P=0.002
Fl.2,= 14.064, P= 6.2E-05
Fii0,= 57.608, P=4.3E-08
F.= 147.015, P=2.7E-10
Fl125=29.308, P=1.5E-06

Fa5= 15331, P= 4E-05

(-) indicates insignificant variations
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Figure 9. Temporal variations of the littoral and semi-limnetic phytoplankton species diversity
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Table S. The significant Biotic correlations

Biotic factors

Biotic factors

Littoral region

Semi-limnetic region

Charophyta richness

Phytoplankton richness

Phytoplankton abundance

Phytoplankton abundance

Charophyta abundance

Chlorophyta abundance

Bacillariophyta abundance

Dinozoa abundance

Cyanobacteria abundance

Phytoplankton richness

Phytoplankton abundance

Net plankton abundance
Charophyta abundance
Chlorophyta abundance

Dinozoa abundance

Bacillariophyta abundance

Chrysophyta abundance

14 important species
Closterium acrosum
Cosmarium contractum
Cosmarium decoratum
Netrium digitus
Staurastrum arctiscon
Staurastrum freemani
Scenedesmus acuminatus
Dinobryon sociale
Ceratium hirudinella
Peridinium cincitum
Spirulina agilis

Micrasterias arcuata

Closterium acrosum
Cosmarium contractum
Cosmarium decoratum
Micrasterias arcuata
Netrium digitus
Staurastrum arctiscon
Staurastrum freemani

Scenedesmus acuminatus

Scenedesmus acuminatus

Navicula radiosa

Ceratium hirudinella

Peridinium cincitum

Spirulina agilis

r,=0.975,p <0.0001

r,=0.942, p <0.0001

1= 0.988, p < 0.0001
1= 0.998, p < 0.0001
1= 0.935, p <0.0001
1= 0.962, p <0.0001
1= 0.764, p = 0.0101
1= 0.998, p < 0.0001

1,=0.944, p < 0.0001
1, = 0.866, p = 0.0012
1,=0.797, p = 0.0058
1,=0.970, p < 0.0001
1,=0.868, p =0.0011
1= 0.926, p <0.0001
1,= 0.956, p <0.0001
1,=0.916, p = 0.0002
1, = 0.953, p <0.0001
1,=0.946, p <0.0001
1,= 0.943, p <0.0001
1,= 0.887, p = 0.0006
1,=0.861, p=0.0014

r,= 0.878, p = 0.0008
r,= 0.805, p = 0.0050
1,=0.973, p < 0.0001
1,= 0.871, p=0.0010
1,= 0.863, p=0.0013
1,=0.932, p <0.0001

r,=0.968, p <0.0001

1, = 0.896, p =0.0005

r,=0.916, p=0.0002

r,=0.834, p=0.0027

r,=0.985, p <0.0001
r,=0.972, p <0.0001

r,=0.976, p <0.0001

1,= 0.986, p < 0.0001
t,= 0.994, p < 0.0001
r,= 0.860, p = 0.0014
1,=0.913, p = 0.0002
1= 0.724, p = 0.0179
1= 0.994, p < 0.0001

1,=0.987, p < 0.0001
1,=0.756,p = 0.0114
r,= 0.865, p = 0.0012
1= 0.979, p < 0.0001
1,=0.844, p = 0.0021
1,= 0.938, p <0.0001
1,=0.979, p <0.0001
1,=0.851, p=0.0018
r,= 0.949, p <0.0001
1,=0.921, p = 0.0002
1,= 0.845, p = 0.0021
1,= 0.896, p = 0.0005

1,=0.784, p = 0.0073
1,= 0.868, p=0.0011
1= 0.972, p < 0.0001
t,= 0.700, p = 0.0242
1,=0.848, p = 0.0019
1,=0.938, p <0.0001
1,= 0.984, p <0.0001
1,=0.926, p = 0.0001

1r,=0.844, p =0.0021

r,=0.878, p =0.0008

1,=0.976, p <0.0001
1,= 0.965, p <0.0001

r,=0.984, p <0.0001

(-) insignificant correlation
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Table 6. The significant Biotic correlations

Biotic factors Biotic factors

Littoral region

Semi-limnetic region

Phytoplankton richness
Charophyta richness
Phytoplankton abundance
Charophyta abundance
Chlorophyta abundance
Chrysophyta abundance
Species diversity Cyanobacteria abundance

Cosmarium decoratum
Staurastrum arctiscon
Staurastrum freemani
Staurodesmus convergens
Scenedesmus acuminatus
Dinobryon sociale

Peridinium cincitum

1=0.933, p < 0.0001
1,=0.919, p = 0.0002
1,= 0.790, p = 0.0065
1,= 0.786, p= 0.0035
r,=0.842, p = 0.0022
r,=0.723, p=0.0181
1,=0.733, p = 0.0159
1,=0.748, p = 0.0128
1,=0.792, p = 0.0063
1,=0.676, p = 0.0319
1,=0.707, p = 0.0222
1,=0.779, p = 0.0079
1,=0.723,p = 0.0181

1,=0. 676, p=0.0319

Phytoplankton abundance
Charophyta abundance
Chrysophyta abundance
Dinozoa abundance
Dominance Evenness abundance
Closterium decoratum
Staurastrum freemani
Staurodesmus convergens
Dinobryon sociale

Peridinium cincitum

1,=-0.695, p = 0.0257
r,=-0.707, p = 0.0222
r,=-0.701, p = 0.0229
1, =0.682, p = 0.0296
r,=-0.738, p = 0.0152
1,=-0.677, p = 0.0315
r,=-0.792, p = 0.0063
r,=-0.736, p = 0.0156
r,=-0.701, p = 0.0239
r,=-0.679, p = 0.0306

Phytoplankton richness
Phytoplankton abundance
Charophyta abundance
Chlorophyta abundance
Chrysophyta abundance
Cyanobacteria abundance
Dinozoa abundance
Closterium acrosum
Cosmarium contractum

Evenmess Cosmarium decoratum
Micrasterias arcuata
Netrium digitus
Staurastrum arctiscon
Staurastrum freemani
Staurodesmus convergens
Scenedesmus acuminatus
Dinobryon sociale
Ceratium hirudinella
Peridinium cincitum

Spirulina agilis

1,=-0.834, p = 0.0027
r,=-0.858, p=0.0015
r,=-0.868, p = 0.0011
r,=-0.811, p = 0.0044
1,=-0.798, p = 0.0057
1,=-0.687, p = 0.0282
r,=-0.837, p = 0.0025
1,=-0.936, p < 0.0001
1,=-0.842, p = 0.0042
r,=-0.811, p = 0.0044
r,=-0.911, p = 0.0002
1,=-0.815, p=0.0041
1,=-0.768, p = 0.0095
1,=-0.891, p = 0.0005
r,=-0.734, p=0.0157
r,=-0.879, p = 0.0008
1,=-0.798, p = 0.0057
1,=-0.828, p=0.0031
1,=-0.809, p = 0.0046
r,=-0.721, p=0.0186

r,=-0.782, p=0.0075
r,=-0.909, p=0.0003
r,=-0.922, p=0.0001
r,=-0.808, p=0.0047
r,=-0.797, p = 0.0058
r,=-0.747,p=0.0130
r,=-0.812, p=0.0043
r,=-0.887, p=0.0006
r,=-0.904, p=0.0003
r,=-0.860, p=0.0014
r,=-0.762,p=0.0104
r,=-0.740, p=0.0144
r,=-0.906, p=0.0003
r,=-0.898, p=0.0004
r,=-0.785,p=0.0071
r,=0.801, p=0.0045
r,=0.797, p = 0.0058
r,=-0.819, p=10.0038
r,=-0.751,p=10.0123
r,=-0.754,p=0.0118

(-) insignificant correlation
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3.6 Influence of Abiotic Factors and broadly identical cumulative influence (57.09% and

58.12%) of 10 abiotic factors on the littoral and semi-lim-

The significant corrections of abiotic factors on phyto-  petic phytoplankton assemblages, respectively (Figures
plankton are indicated in Table 7. The CCA registers low  10-11).

Table 7. The significant influence of abiotic factors

Biotic factors Biotic factors Littoral region Semi-limnetic region
Phytoplankton richness - r,=-0.673, p=0.0329

Water temperature Charophyta abundance r,=-0.712, p=0.0209 r,=-0.740, p=0.0114
Bacillariophyta abundance r,=-0.727, p=0.0172 r,=-0.757, p= 0.0122
Species diversity r,=-0.714, p=0.0204 -

Rainfall Phytoplankton richness r,=-0.891, p=0.0005 r,=-0.891, p=0.0005
Charophyta richness r,=-0.883, p=0.0011 r,=—0.883, p=0.0011
Phytoplankton abundance r,=-0.778, p= 0.0040 r,=-0.839, p=0.0024
Charophyta abundance r,=-0.839, p=0.0024 r,=-0.837, p=0.0025
Chlorophyta abundance r;=-0.837, p=0.0025 r,=-0.852, p=0.0017
Dinozoa abundance r;=-0.852, p=0.0017 r,=-0.748, p=0.0128
Chrysophyta abundance r,=-0.807, p=0.0048 r,=-0.807, p= 0.048
Cyanobacteria abundance r,=-0.757,p=0.0122 r,=-0.757,p=10.0122
Bacillariophyta abundance r,=-0.748, p=0.0128 -
Cosmarium decoratum r,=-0.781,p=0.0077 r,=-0.784, p=0.0073
Netrium digitus r,=-0.697, p =0.0251 r,=-0.799, p = 0.0056
Staurastrum arctiscon r,=-0.760, p=0.0107 r,=-0.853, p=10.0017
Staurastrum freemani r,=-0.733, p=0.0159 r,=-0.787, p=0.0069
Staurodesmus convergens r,=-0.778, p =0.0059 r,=-0.750, p=0.0125
Scenedesmus acuminatus r,=-0.796, p =0.0002 r,=-0.851,p=0.0018
Dinobryon sociale r,=-0.807, p=0.0048 r,=-0.844, p=0.0021
Ceratium hirudinella r,=-0.709, p=10.0217 r,=-0.731, p=10.0163
Peridinium cincitum r,=-0.764, p=0.0101 r,=-0.702, p=0.0236
Spirulina agilis r,=-0.669, p =0.0344 r,=-0.764, p=0.0101
Species diversity r,=-0.874, p = 0.0009 -

Sulphate Phytoplankton richness r=0.933, p<0.0001 -
Charophyta richness r,=0.919, p = 0.0002 -
Phytoplankton abundance r,;=0.790, p = 0.0065 -
Chlorophyta abundance 1,=0.842, p=0.0022 -
Chrysophyta abundance r,=10.723,p=0.0181 -
Cyanobacteria abundance r,=0.733, p=0.0159 -
Dinozoa abundance r,=0.748, p=0.0128 -
Cosmarium decoratum r,=0.792, p = 0.0063 -
Staurastrum arctiscon r;=0.676, p=0.0319 -
Staurastrum freemani r;=0.707, p=0.0222 -
Scenedesmus acuminatus r,=0.779, p = 0.0079 -
Ceratium hirudinella r,=0.723,p=0.0181 -
Dinobryon sociale r,=0.676,p=0.0319 -

Peridinium cincitum -
Netrium digitus

Calcium Charophyta abundance r,=0.721,p=0.0186 -
Closterium decoratum r;=0.701, p=0.0239 -

(-) insignificant correlation
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Figure 10. CCA coordination biplot of phytoplankton assemblages and abiotic factors (Littoral)

Abbreviations

Abiotic factors: Cond (specific conductivity), DOM (dissolved organic matter), NO, (nitrate), PO, (phosphate), Rain (rainfall), SiO,
(silicate), SO, (sulphate), TA (total alkalinity), TH (total hardness), WT (water temperature).

Biotic factors: Bac (Bacillariophyta abundance), C hr (Ceratium hirudinella abundance), Cha (Charophyta abundance), ChR
(Charophyta richness), Chl (Chlorophyta abundance), Chry (Chrysophyta abundance), Cl (Closterium abundance), Cl ac (Closterium
acrosum abundance), Co (Cosmarium abundance), Co cn (Cosmarium contractum abundance), Co de (Cosmarium decoratum
abundance), Cyn (Cyanobacteria abundance), D sc (Dinobryon sociale abundance), Din (Dinozoa abundance), Mi ar (Micrasterias
arcuata abundance), Mi (Micrasterias abundance), N rd (Navicula radiosa abundance), Ne dg (Netrium digitus abundance), Ne
(Netrium abundance), P cn (Peridinium cincitum abundance), PR (phytoplankton richness), Phy (phytoplankton abundance), Sc
(Scenedesmus abundance), Sc ac (Scenedesmus acuminatus abundance), Sp ag (Spirulina agilis abundance), St (Staurastrum
abundance), St ar (Staurastrum arctiscon abundance), St fr (Staurastrum freemani abundance), Sta (Staurodesmus abundance), Sta cn

(Staurodesmus convergens abundance).
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Figure 11. CCA coordination biplot of phytoplankton assemblages and abiotic factors (Semi-limnetic)

Abbreviations

Abiotic factors: Cond (specific conductivity), DOM (dissolved organic matter), NO, (nitrate), PO, (phosphate), Rain (rainfall), SiO,
(silicate), SO, (sulphate), TA (total alkalinity), TH (total hardness), WT (water temperature).

Biotic factors: Bac (Bacillariophyta abundance), C hr (Ceratium hirudinella abundance), Cha (Charophyta abundance), ChR
(Charophyta richness), Chl (Chlorophyta abundance), Chry (Chrysophyta abundance), Cl (Closterium abundance), Cl ac (Closterium
acrosum abundance), Co cn (Cosmarium contractum abundance), Co de (Cosmarium decoratum abundance), Co (Cosmarium
abundance), Cyn (Cyanobacteria abundance), D sc (Dinobryon sociale abundance), Din (Dinozoa abundance), Mi (Micrasterias
abundance), Mi ar (Micrasterias arcuata abundance), N rd (Navicula radiosa abundance), Ne dg (Netrium digitus abundance),
Ne (Netrium abundance), P cn (Peridinium cincitum abundance), PR (phytoplankton richness), Phy (phytoplankton abundance),
Sc (Scenedesmus abundance), Sc ac (Scenedesmus acuminatus abundance), Sp ag (Spirulina agilis abundance), St (Staurastrum
abundance), St ar (Staurastrum arctiscon abundance), St fr (Staurastrum freemani abundance), Sta (Staurodesmus abundance), Sta cn
(Staurodesmus convergens abundance).
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4. Discussion

The subtropical NEHU wetland depicts the “soft, cal-
cium poor, slightly acidic-circumneutral waters” and low
nutrients, while the 'demineralized nature' of this rainwa-
ter-fed wetland is attributed to the influx of lower ionic
concentration waters from the leached soil and weathered
B%¥1 pH, Cond, TA and TH register significant spa-
tial and temporal variations; DO indicates significant spa-
tial variations; and WT, Ca, Mg, Cl, DOM, SO,, PO,, NO,
and SiO, register significant temporal variations. In gen-
eral, the variations of the recorded abiotic factors broadly
concur with the reports from NEI "****'and Bhutan .

Sixty-four species (S) known from our net plankton
collections reveal notably rich phytoplankton as compared
with the reports from Assam *****1 Meghalaya ">,
Mizoram | Sikkim ™ and Tripura

rocks

1 states of NEI as
well as than various Indian reports elsewhere from Guja-
rat ®% Jammu & Kashmir ¥, Himachal Pradesh "*"",
Karnataka "*', Kerala **, Panjab ", Uttarakhand "**” and
West Bengal *°"*). The authors also document higher
richness than the reports from Bangladesh >, Bhutan !
and Nepal **!. The comparisons affirm the diverse phy-
toplankton, and highlight the regional biodiversity interest
of “soft and demineralized water” NEHU urban wetland
vis-a-vis the pattern of reduced taxonomic richness hy-
pothesized to be expected in urbanized aquatic environs *.

The differential phytoplankton richness known from
the littoral and semi-limnetic regions and higher monthly
richness at the littoral region in particular is hypothesized
to the greater environmental heterogeneity at the former
region. The richness registers significant temporal varia-
tions, and follows bimodal patterns of the spatio-temporal
variations with peak during autumn and maxima during
spring at the littoral region, while the semi-limnetic region
registers less prominent periodicity. The peaks and max-
ima concur with the reports from Assam ), Manipur **
and Meghalaya ""'*. The noteworthy speciose littoral
constellations of 55-58 species per sample during Octo-
ber-December and March, and 50 species during March at
the semi-limnetic region are hypothesized to the possibil-
ity of co-existence of many species due to high amount of
niche overlap ", The differential community similarities
at the littoral (54.8%-95.7%) and semi-limnetic regions
(76.5%-95.9%) together with the similarity values ranging
between 81-95% in ~60% and ~76% instances at the two
regions respectively depict the relatively more heteroge-
neity of phytoplankton composition at the former region.
The hierarchical cluster groupings record closer affinity
of species composition amongst October to February col-
lections, and June and August samples record maximum

divergence at the littoral region. The semi-limnetic region
indicates peak affinity between November and March, and
divergence during June and August.

Phytoplankton reveal the speciose Charophyta (~51 %
species of S); this feature concurs with the reports from
NEI """ but the comparisons with various Indian
reports #7125 BAEON warrant caution because of lack
of inventories for species validations despite clubbing of
the members of this group under Chlorophyta. Charophyta
significantly influences phytoplankton richness at the litto-
ral region. The reports of four species each of Closterium,
Cosmarium, Micrasterias and Staurastrum; three Netrium
species; two species each of Arthrodesmus, Euastrum,
Staurodesmus, and Xanthidium, and one species each of
Desmidium, Docidium, Gonatozygon, Penium and Pleuro-
taenium characterize high desmid richness comprising sig-
nificant fractions of phytoplankton (50%) and Charophyta
(~97%) species. This notable feature is hypothesized ‘%"
to “soft and calcium-poor waters” of NEHU wetland.
Nevertheless, our study enlists more desmid genera than
the reports Bhutan " as well as from NEI "% NwT 6],
Gujarat ®”, Kerala **, and West Bengal ”).

Phytoplankton, a dominant component of net plankton,
significantly contributes to density variations of the latter;
the quantitative predominance of phytoplankton corre-
sponds with the Indian reports from Himachal Pradesh """,
Meghalaya ""'*** and Mizoram !, and the report from
Bhutan ", ANOVA affirms significant spatio-temporal
phytoplankton density variations during our study. The bi-
modal spatial phytoplankton quantitative variations noted in
NEHU wetland concur with certain Indian reports !'"'>'*%]
The autumn peaks noted at both the regions correspond
with the reports from Kashmir "*** Meghalaya "', Mi-
zoram ' and Uttarakhand ", and Nepal '”; the spring
maxima concur with the reports from Bangladesh * and
West Bengal *; and the lower monsoon abundance con-
curs "7 but differs from the monsoon peak 1446456,
Amongst the constituent groups, Charophyta depicts
quantitative dominance, and Chlorophyta > Bacillario-
phyta > Dinozoa > Chrysophyta > Cyanobacteria record
sub-dominance. The stated pattern (except Cyanobacteria)
corresponds with the report of Sharma and Sharma .
Charophyta dominance in particular concurs with various
reports from NEI 1822427283842 "Begides, the Bacilla-
riophyta sub-dominance concurs with the reports from
Manipur " and Uttarakhand *"'; the subdominant nature
of Dinozoa concurs with the report from Meghalaya ""/;
Chrysophyta sub dominance corresponds with the results
from NEI !'"#24272%%. and Cyanobacteria importance
concurs with the reports from Assam %, Kashmir "',
Mizoram ' and Meghalaya "”. Our study depicts poor
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abundance of Euglenozoa and Cryptophyta; the former
corresponds with the reports from NEI '**7),

Of the 37 genera reported from NEHU wetland, only
seven genera (Closterium, Cosmarium, Micrasterias,
Netrium, Scenedesmus, Staurastrum and Staurodesmus)
indicate quantitative importance, collectively contribute
to the littoral and semi-limnetic phytoplankton but influ-
ence the spatio-temporal density variations of the latter.
Closterium, Cosmarium, Scenedesmus and Staurastrum
register significant spatio-temporal quantitative variations,
and Micrasterias, Netrium and Staurodesmus record sig-
nificant temporal variations. Our study reveals the quan-
titative interest of more genera than various reports from
NEI ""*27%%) and NWI "**). Besides, 14 species namely
Ceratium hirudinella, Closterium acrosum, Cosmarium
contractum, C. decoratum, Dinobryon sociale, Micrasteri-
as arcuata, Navicula radiosa, Netrium digitus, Peridinium
cincitum, Scenedesmus acuminatus, Staurastrum artiscon,
S. freemani, Staurodesmus convergens and Spirulina agilis
indicate the relative quantitative importance, collectively
form significant fractions of phytoplankton, contribute to
the autumn and spring maxima, and significantly influ-
ence the spatio-temporal density variations of the latter at
two regions. Our study reveals the quantitative interest of
more species than listed by the reports from NEI '*! and
Bhutan “”. ANOVA registers significant spatio-temporal
density variations of C. hirudinella, D. sociale, M. arcu-
ata, N. radiosa, P. cincitum, Scenedesmus acuminatus,
Staurastrum artiscon, S. freemani and Spirulina agilis;
Closterium acrosum, Cosmarium contractum, C. deco-
ratum and Staurodesmus convergens register significant
temporal variations; and N. digitus records significant
temporal variations.

Charophyta records higher abundance at the littoral >
semi-limnetic regions, significantly influences phytoplank-
ton abundance at the two regions and registers significant
spatio-temporal quantitative variations. The bimodal den-
sity variations, and the autumn peaks and spring maxima
of Charophyta concur with the reports from NEI ""'?,
The desmid genera Closterium, Cosmarium, Micrasterias,
Netrium, Staurastrum and Staurodesmus collectively con-
tribute to Charophyta (88.0+4.8%; 89.5+3.6%) and phyto-
plankton (52.9+2.3%; 57.6+2.4%) abundance, while Clos-
terium acrosum, Cosmarium contractum, C. decoratum,
Micrasterias arcuata, Netrium digitus, Staurastrum arc-
tiscon, S. freemani, and Staurodesmus convergens influ-
ence abundance of Charophyta (71.7+5.5%; 71.2+3.8%)
and phytoplankton (71.7£5.5%; 71.2+3.8%) at the two
regions, respectively. The qualitative importance of de-
smids vis-a-vis phytoplankton and Charophyta supports
the results from the “soft, calcium-poor and demineralized
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waters” of Meghalaya "*'? state of NEI and Bhutan ",

Of the other groups, Chlorophyta, Dinozoa, Chryso-
phyta, Cyanobacteria and Bacillariophyta individually
influence phytoplankton abundance at the two regions and
register significant spatio-temporal quantitative variations.
Chlorophyta abundance follows the bimodal temporal
variations at the two regions influenced by Scenedesmus
acuminatus; the autumn maxima concur with the report
from Meghalaya "', the pre-monsoon maxima correspond
with early summer maxima recorded from Assam ***"
and Kashmir 'Y, Dinozoa bimodal density variations dif-
fer from the oscillating pattern "%, while the autumn and
spring maxima concur with the report Meghalaya """ but
deviate from winter, summer and monsoon maxima noted
from Manipur "', Uttarakhand *" and Meghalaya """, re-
spectively. Ceratium hirudinella and Peridinium cincitum
collectively contribute to Dinozoa abundance in contrast
to the importance of C. hirudinella ""'*'. Bacillariophyta
follows the differential oscillating spatial patterns of den-
sity variations; Navicula radiosa notably influences the di-
atom abundance concurrent with the report from Megha-
laya ", Chrysophyta and Cyanobacteria follow identical
bimodal spatial patterns; Dinobryon sociale influences
Chrysophyta abundance, and the autumn and spring max-
ima differ from winter peaks "', while Cyanobacteria
abundance is influenced by Spirulina agilis.

High phytoplankton species diversity with H' values >
3.3 reported from the littoral region except during
June-August, and the semi-limnetic region except during
November and July highlights greater environmental het-
erogeneity of NEHU wetland. ANOVA registers insignif-
icant spatio-temporal variations due to limited monthly
diversity differences at the two regions. Our study regis-
ters higher species diversity as compared with the reports
from NEI ', Kerala *¥, Punjab ', Uttrakhand " and
West Bengal *”"! and Bhutan *”. The bimodal diversity
pattern with maxima during October and December and
the relatively higher values from October till March at the
littoral region are attributed to the positive influence of the
richness of phytoplankton and Charophyta, and abundance
of phytoplankton, Charophyta, Chlorophyta, Chrysophyta
and Cyanobacteria, Closterium decoratum, Staurastrum
arctiscon, S. freemani, Staurodesmus convergens, Scened-
esmus acuminatus, Dinobryon sociale and Peridinium
cincitum. Higher diversity during October till March at
the littoral region affirms inverse influence of water tem-
perature and rainfall.

High evenness and low dominance of phytoplankton
are attributed to the lower and equitable abundance of the
majority of the “generalist” species, and even the relative-
ly lower abundance of 14 notable species. The results thus
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affirm that NEHU wetland has resources for utilization
by various phytoplankton species due to a low amount
of niche overlap as hypothesized by MacArthur . Our
study registers significant spatial and temporal variations
of dominance and evenness, respectively. In general, the
dominance and evenness values concur with various re-
ports from NEI '*#**#72%% The evenness is inversely
influenced by phytoplankton richness, and abundance of
phytoplankton, Charophyta, Chlorophyta, Chrysophyta,
Cyanobacteria, Closterium acrosum, Cosmarium con-
tractum, C. decoratum, Micrasterias arcuata, Netrium
digitus, Staurastrum arctiscon, S. freemani, Staurodesmus
convergens, Scenedesmus acuminatus, Dinobryon sociale,
Ceratium hirudinella, Peridinium cincitum, and Spirulina
agilis at the two regions. The dominance registers signif-
icant inverse correlation with evenness, and is inversely
influenced by abundance of phytoplankton, Charophyta,
Dinophyta and Chrysophyta, Closterium decoratum, Stau-
rastrum freemani, Staurodesmus convergens, Dinobryon
sociale and Peridinium cincitum at the littoral region.

Amongst 15 abiotic factors, an inverse correlation of
water temperature on phytoplankton richness is affirmed
by the relatively higher richness observed from Octo-
ber-April and October-March at the littoral and semi-lim-
netic regions, respectively. Besides, an inverse influence
of the rainfall on phytoplankton and Charophyta richness
at both the regions affirms the periods of lower richness
during monsoon season in particular; and the concurrence
of the relatively high SO, content results in the positive
influence on richness of phytoplankton and Charophyta
at the littoral region. Overall influence of abiotic factors
on the richness noted in NEHU wetland differs from lack
of any influence ™' but broadly concurs with the reports
from Meghalaya "',

On the other hand, our study registers the individual
importance of the rainfall and SO, on the quantitative
variations of phytoplankton. Higher abundance of phy-
toplankton, Charophyta, Chlorophyta, Dinozoa, Chrys-
ophyta, Cyanobacteria, Cosmarium decoratum, Netrium
digitus, Staurastrum arctiscon, S. freemani, Staurodesmus
convergens, Scenedesmus acuminatus, Dinobryon sociale,
Ceratium hirudinella, Peridinium cincitum, and Spirulina
agilis at the two regions during autumn, winter and spring
in particular results in an inverse influence of the rainfall.
Besides, lower Bacillariophyta monsoon abundance en-
dorses significant inverse influence of the rainfall at the
littoral region. SO, exerts positive influence on abundance
of phytoplankton, Cosmarium decoratum, Staurastrum
arctiscon, S. freemani and Scenedesmus acuminatus at the
two regions. It also exerts positive influence on abundance
of Chlorophyta, Dinozoa, Chrysophyta and Cyanobacteria,

Dinobryon sociale, Ceratium hirudinella and Peridinium
cincitum at the littoral region, and on Netrium digitus at
the semi-limnetic region. Of the other abiotic factors, the
water temperature exerts inverse influence on Chlorophyta
and Bacillariophyta abundance at the littoral and semi-lim-
netic regions, respectively, and Ca exerts a significant pos-
itive influence abundance of Charophyta and Cosmarium
decoratum at the littoral region. Our results broadly endorse
the importance of fewer abiotic factors '"'* but deviate from
overall limited influence of individual abiotic factors on phy-
toplankton abundance 2%,

The CCA registers low cumulative influence of the
selected 10 abiotic parameters on the littoral (57.09 %)
and limnetic (58.12%) phytoplankton assemblages. This
trend marks a notable departure than higher cumulative
influence of abiotic factors recorded by the reports from
NEI ”"**1 and West Bengal **. The CCA biplot indicates
inverse influence of the rainfall and water temperature
on the richness of phytoplankton and Charophyta, and on
abundance of Chlorophyta, Closterium, and Scenedesmus
and Scenedesmus acuminatus at the littoral region. Be-
sides, PO, reveals positive influence on Staurastrum arc-
tiscon; abundance); SO,, SiO, and specific conductivity
exert positive influence on abundance of phytoplankton,
Charophyta, Cosmarium decoratum; and total hardness
and SO, influence abundance of Dinozoa and Staurastrum
freemani at this region. On the other hand, the CCA bi-
plot registers positive influence of water temperature and
rainfall on Cosmarium abundance; total alkalinity; total
alkalinity and NO, exert positive influence on Stauras-
trum artiscon, Cosmarium decoratum, Dinobryon sociale,
Peridinium cincitum, and Chrysophyta abundance; PO,
positively influences abundance of Dinozoa, Cyanobac-
teria, Spirulina agilis and Ceratium hirudinella; and SO,
and SiO, exert negative on abundance of phytoplankton,
Charophyta, Closterium, Staurastrum, Staurastrum freem-
ani, Staurodesmus and Staurastrum convergens at the
semi-limnetic region. In general, the limited individual
importance and lower cumulative influence of abiotic fac-
tors noted vide our study suggests the need for attention
on the factors associated with microhabitat vs. phyto-
plankton-macrophytes interactions.

5. Conclusions

The speciose nature and the regional biodiversity inter-
est of phytoplankton of small urban NEHU wetland mer-
its interest in contrast to the reduced taxonomic richness
hypothesized in urbanized aquatic environs. High desmid
richness; and the peak constellations of up to 55-58 spe-
cies per sample deserve attention. The low phytoplankton
abundance, quantitative importance of Charophyta, sub
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dominant nature of other groups, the bimodal richness and
abundance spatio-temporal patterns of various taxa and
high species diversity are notable features. Higher even-
ness and lower dominance are attributed to the lower and
equitable abundance of the majority of the “generalist”
species and even the relatively lower abundance of nota-
ble species. The limited individual and lower cumulative
influence of abiotic factors caution attention on analysis
of phytoplankton-macrophytes interactions. This study
highlights the scope for more focused studies on phyto-
plankton of small water bodies of the Indian sub-region.

Author Contributions

This study was conceived and executed by the senior
author. The data analysis and manuscript preparation was
undertaken jointly by both the authors.

Conflict of Interest

The authors have no conflict of research interests.

Funding

This research received no external funding.

Acknowledgements

The senior author (BKS) thanks the Head, Department
of Zoology, North-Eastern Hill University, Shillong for
laboratory facilities, and K.R. Sounii Pou for help on var-
ious occasions during the field survey. We thank anony-
mous reviewers for comments and suggestions.

References

[1] Céréghino, R., Boix, D., Cauchie, H.M., Martens,
K., Oertli, B. 2014. The ecological role of ponds in a
changing world. Hydrobiologia. 723(1), 1-6.

DOI: https://doi.org/10.1007/s10750-013-1719-y

[2] Vad, C.F., Péntek, A., Cozma., N.J., Foldi, A., Toth,
A., Toth, B., Bdde, N.A., Moéra, A., Ptacnik, R., Acs,
E., Zsuga, K., Horvatha, Z. 2017. Wartime scars or
reservoirs of biodiversity? The value of bomb crater
ponds in aquatic conservation. Biological Conserva-
tion. 209, 253-262.

DOI: https://doi.org/10.1016/j.biocon.2017.02.025

[3] Oertli, B., 2018. Freshwater biodiversity conserva-
tion: The role of artificial ponds in the 21st century.
Aquatic Conservation. 28(2), 264-269.

DOI: https://doi.org/10.1002/aqc.2902

[4] Hill, M.J., Biggs, J., Thornhill, 1., Briers, R.A., Gled-
hill, D.G., White, J.C., Wood, P.J., Hassall, C. 2017.
Urban ponds as an aquatic biodiversity resource in

20

modified landscapes. Global Change Biology. 23(3),
986-999.
DOI: https://doi.org/10.1111/gcb.13401

[5] Hill MJ, Wood PJ, Fairchild, W, Williams, P., Nico-
let, P., Biggs, J. 2021. Garden pond diversity: Oppor-
tunities for urban freshwater conservation. Basic and
Applied Ecology. 57, 28-40.
DOI: https://doi.org/10.1016/j.baae.2021.09.005

[6] Hassall, C., Anderson, S., 2015. Stormwater ponds
can contain comparable biodiversity to unmanaged
wetlands in urban areas. Hydrobiologia. 745, 137-
149.
DOI: https://doi.org/10.1007/s10750-014-2100-5

[7] Biggs, J., von Fumett, S., Kelly-Quinn, M., 2017.
The importance of small water bodies for biodiver-
sity and ecosystem services: implications for policy
makers. Hydrobiologia. 793, 3-39.
DOI: https://doi.org/10.1007/s10750-016-3007-0

[8] Mullins, M.L., Doyle, R.D., 2019. Big things come
in small packages: why limnologists should care
about small ponds. Acta Limnologica Brasiliensia.
31, el05.
DOI: https://doi.org/10.1590/s2179-975x4119

[9] Sharma, B.K., Pachuau, L., 2016. Diversity of Phy-
toplankton of a sub-tropical reservoir of Mizoram,
northeast India. International Journal of Aquatic Bi-
ology. 4(6), 360-369.
DOI: https://doi.org/10.22034/ijab.v4i6.195

[10] Sharma, B.K., Sharma, S., 2021. Phytoplankton di-
versity of a subtropical reservoir of Meghalaya state
of northeast India. Aquatic Sciences and Engineering.
36(2), 51-65.
DOI: https://doi.org/10.26650/ASE202074021

[11] Sharma, B.K., Sharma, S., 2021. Phytoplankton di-
versity of a de-mineralized subtropical reservoir of
Meghalaya state, northeast India. Aquatic Research.
4(3), 233-249.
DOI: https://doi.org/10.3153/AR21018

[12] Sharma, B.K., Sharma, S., 2022. The spatio-temporal
variations of Phytoplankton diversity of a subtropi-
cal sacred lake of Meghalaya State, Northeast India.
Journal of Limnology and Freshwater Fisheries Re-
search. 8(1), 213-229.
DOI: https://doi.org/10.17216/LimnoFish.863076

[13] Gogoi, P., Kumari, S., Sarkar, U.K., Lianthuamlu-
aia, L., Puthiyottil , M., Bhattacharjya, B.K., Das,
B.K.. 2021. Dynamics of phytoplankton community
in seasonally open and closed wetlands in the Tees-
ta-Torsa basin, India, and management implications
for sustainable utilization. Environment Monitoring
& Assessment. 193, 810.


https://doi.org/10.1007/s10750-013-1719-y
file:///D:/%e6%96%87%e6%9d%8f/%e8%8b%b1%e6%96%87/%e7%94%9f%e6%80%81%e7%a0%94%e7%a9%b6/4%e5%8d%b72%e6%9c%9f/%20https://doi.org/10.1016/j.biocon.2017.02.025
file:///D:/%e6%96%87%e6%9d%8f/%e8%8b%b1%e6%96%87/%e7%94%9f%e6%80%81%e7%a0%94%e7%a9%b6/4%e5%8d%b72%e6%9c%9f/%20https://doi.org/10.1016/j.biocon.2017.02.025
https://doi.org/10.1002/aqc.2902
file:///D:/%e6%96%87%e6%9d%8f/%e8%8b%b1%e6%96%87/%e7%94%9f%e6%80%81%e7%a0%94%e7%a9%b6/4%e5%8d%b72%e6%9c%9f/%20https://doi.org/10.1111/gcb.13401
file:///D:/%e6%96%87%e6%9d%8f/%e8%8b%b1%e6%96%87/%e7%94%9f%e6%80%81%e7%a0%94%e7%a9%b6/4%e5%8d%b72%e6%9c%9f/%20https://doi.org/10.1111/gcb.13401
https://doi.org/10.1016/j.baae.2021.09.005
https://doi.org/10.1590/s2179-975x4119 
https://doi.org/10.22034/ijab.v4i6.195
https://doi.org/10.26650/ASE202074021
https://doi.org/10.3153/AR21018
https://doi.org/10.17216/LimnoFish.863076

Research in Ecology | Volume 04 | Issue 02 | June 2022

DOI: https://doi.org/10.1007/s10661-021-09587-w

[14] Baba, A L., Pandit, A.K., 2014. Composition, diversi-
ty and population dynamics of phytoplankton at Sad-
erkot in Wular Lake, Kashmir. Journal of Ecosystem
& Ecography. 4(1), 142.

DOI: https://doi.org/10.4172/2157-7625.1000142

[15] Ganai, A.H., Parveen, S., 2014. Effect of physi-
co-chemical conditions on the structure and composi-
tion of the phytoplankton community in Wular Lake
at Lankrishipora, Kashmir. International Journal of
Biodiversity and Conservation. 6(1), 71-84.

DOI: https://doi.org /10.5897/1JBC2013.0597

[16] Thakur, R.K., Jindal, R., Singh, U.B., Ahluwalia, A.S.
2013. Plankton diversity and water quality assess-
ment of three freshwater lakes of Mandi (Himachal
Pradesh, India) with special reference to planktonic
indicators. Environment Monitoring & Assessment.
185(10), 8355-8373.

DOI: https://doi.org/10.1007/s10661-013-3178-3

[17] Gupta, S., Singh, D., Rawat, M.S., Ahmed, R. 2018.
Phytoplankton community in relation to physico-
chemical characteristics of Renuka Lake and Parshu-
ram Tal (H.P.), India. International Journal of Scien-
tific Research and Reviews. 7(3), 769-780.

[18] Jindal, R., Thakur, R.K., Singh, U.B., Ahluwalia, A.S.
2013. Plankton diversity and water quality assess-
ment of three freshwater lakes of Mandi (Himachal
Pradesh, India) with special reference to planktonic
indicators. Environmental Monitoring & Assessment.
185(10), 8355-8373.

DOI: https://doi.org/10.1007/s10661-013-3178-3

[19] Jindal, R., Thakur, R.K., Singh, U.B., Ahluwalia, A.S.
2014a. Phytoplankton dynamics and species diversity
in a shallow eutrophic, natural mid-altitude lake in
Himachal Pradesh (India): role of physicochemical
factors. Chemistry and Ecology. 30(4), 328-338.
DOI: https://doi.org/10.1080/02757540.2013.871267

[20] Jindal, R., Thakur, R.K., Singh, U.B., Ahluwalia, A.S.
2014b. Phytoplankton dynamics and water quality of
Prashar Lake, Himachal Pradesh, India. Sustainabili-
ty of Water Quality and Ecology. 3-4, 101-113.

DOI: http://dx.doi.org/10.1016/j.swaqe.2014.12.003

[21] Sharma, R.C., Singh, S., 2018. Water quality and
phytoplankton diversity of high altitude wetland,
Dodi Tal of Garhwal Himalaya, India. Biodiversity
International Journal. 2(6), 484-493.

[22] Sharma, R.C., Tiwari, V., 2018. Phytoplankton diver-
sity in relation to physico-chemical environmental
variables of Nachiketa Tal, Garhwal Himalaya. Bio-
diversity International Journal. 2(2), 128-136.

[23] Sharma, B.K., 2012. Phytoplankton diversity of a

floodplain lake of the Brahmaputra River basin, As-
sam, north-east India. Indian Journal of Fisheries.
59(4), 131-139.

[24] Sharma, B.K., 2015. Phytoplankton diversity of Dee-
por Beel- a Ramsar site in the floodplain of the Brah-
maputra River Basin, Assam, north-east India. Indian
Journal of Fisheries. 62(1), 33-40.

[25] Gupta, S., Devi, S.S., 2014. Ecology of Baskandi
anua, an oxbow lake of south Assam, North East
India. Journal of Environmental Biology. 35, 1101-
1105.

[26] Devi, M.B., Gupta, S., Das, T., 2016. Phytoplankton
community of Lake Baskandi anua, Cachar Dis-
trict, Assam, North East India - An ecological study.
Knowledge and Management of Aquatic Ecosystems.
417, 2.

DOI: https://doi.org /10.1051/kmae/2015034

[27] Sharma, B.K., 2009. Phytoplankton communities of
Loktak lake (a Ramsar site), Manipur (N. E. India):
composition, abundance and ecology. Journal of
Threatened Taxa. 1(8), 401-410.

DOI: https://doi.org/10.11609/J0TT.02193.401-10

[28] Sharma, B.K., 2010. Phytoplankton diversity of two
floodplain lakes (pats) of Manipur (N. E. India).
Journal of Threatened Taxa. 2(11), 1273-1281.

DOI: https://doi.org/10.11609/J0TT.02427.1273-81

[29] Das, D., Pathak, A., Pal, S., 2018. Diversity of phy-
toplankton in some domestic wastewater-fed urban
fish pond ecosystems of the Chota Nagpur Plateau in
Bankura, India. Applied Water Science. 8, 84.

DOI: https://doi.org/10.1007/s13201-018-0726-6

[30] A.P.H.A. 1992. Standard methods for the examina-
tion of water and wastewater, 18th ed. American Pub-
lic Health Association, Washington DC. pp. 1-1198.

[31] Islam, A.K.M.N., Haroon, A.K.Y., 1980. Desmids of
Bangladesh. Internationale Revue gesamten Hydro-
biologie. 65(4), 551-604.

[32] Prescott, G.W., 1982. Algae of the Western Great
Lakes area. Ottokoeltz Science Publishers, W. Ger-
many. pp. 1-977.

[33] Fritter, R., Manuel, R., 1986. Field guide to the
Freshwater life of Britain and North-West Europe.
William Collins Sons & Co. Ltd, London. pp. 1-382.

[34] Anand, N., 1998. Indian Freshwater Microalgae.
Bishen Singh Mahendra Pal Singh, Dehradun. pp.
1-94.

[35] John, D.M., Whitton, B.A., Brook, A.J., 2002. The
Freshwater Algal Flora of the British Isles: An Iden-
tification Guide to Freshwater and Terrestrial Algae.
Cambridge University Press: Cambridge, UK. pp.
1-870.

21


 https://doi.org /10.5897/IJBC2013.0597
https://doi.org/10.1007/s10661-013-3178-3
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs10661-013-3178-3?_sg%5B0%5D=f-iTWCzQcJcvkjHJENmM4lbq58tolwzWM3WNMNiOKpnGiTlxcyY570JaHNqwzyyHWP2vb5ZJqCOiuqsOzxUSBAt6Qw.iII_psSykaH3ron67198Z86xSMALBNG77VLyr2jmy8oR2g_rgZc3tyWR7iz_KIslIYtZTEaukVBb5MiPH1IH1g
http://dx.doi.org/10.1016/j.swaqe.2014.12.003
https://doi.org /10.1051/kmae/2015034
https://doi.org/10.11609/JoTT.o2193.401-10
https://doi.org/10.11609/JoTT.o2427.1273-81

Research in Ecology | Volume 04 | Issue 02 | June 2022

[36] Ludwig, J.A., Reynolds, J.F., 1989. Statistical ecolo-
gy: a primer on methods and computing. John Wiley
& Sons, New York. pp. 1-337.

[37] Magurran, A.E., 1988. Ecological diversity and its
measurement. Croom Helm Limited, London. pp.
1-179.

[38] Sharma, B.K., 1995. Limnological studies in a small
reservoir in Meghalaya (N.E. India). In: Tropical
Limnology, K.H. Timotius and F. Goltenboth (eds.).
II, Satya Wacana University Press, Salatiga, Indone-
sia. pp. 1-11.

[39] Sharma, B.K., 2001. Water quality of subtropical len-
tic biotopes of Meghalaya. In: Water quality assess-
ment, Biomonitoring and Zooplankton diversity, (B.
K. Sharma (ed.). Department of Zoology, North-East-
ern Hill University, Shillong. pp. 10-21.

[40] Sharma, B.K., Bhattarai, S., 2005. Hydro-biological
analysis of a peat bog with emphasis on its plankton-
ic diversity and population dynamics in Bumdeling
Wildlife Sanctuary: eastern Bhutan. Limnology. 6,
183-187.

DOI: http://dx.doi.org/10.1007/s10201-005-0157-6

[41] Sugunan, V.V., Bhattacharjya, B.K., 2000. Ecology
and fisheries of beels in Assam. Bulletin Central In-
land Capture Fisheries Research Institute. 104, 1-66.

[42] Sharma, B.K., 2004. Phytoplankton communities of
a floodplain lake of the Brahmaputra river basin, Up-
per Assam. Journal of Inland Fisheries Association.
31, 27-35.

[43] Laskar, H.S., Gupta, S., 2009. Phytoplankton diver-
sity and dynamics of Chatla floodplain lake, Barak
valley, Assam, North East India- A seasonal study.
Journal of Environmental Biology. 30(9), 1007-1012.

[44] Baruah, P.P., Kakati, B., 2012. Water quality and
phytoplankton diversity of Gopeswar temple fresh-
water pond In Assam (India). Bangladesh Journal of
Botany. 41(2), 181-185.

[45] Gupta, S., Devi, S.S., 2014. Ecology of Baskandi
anua, an oxbow lake of south Assam, North East
India. Journal of Environmental Biology. 35, 1101-
1105.

[46] Sarmah, B.P., Baruah, D., 2014. Phytoplankton com-
position in relation to hydrochemical properties of
certain floodplain Riparian wetlands of river Sub-
ansiri of North Eastern India. Advances in Applied
Science Research. 5(6), 21-30.

[47] Deb, S., Saikia, J., Kalamdhad, A.S., 2019. Ecology
of Deepor beel wetland, a Ramsar site of Guwahati,
Assam with special reference to algal community.
European Journal of Biomedical and Pharmaceutical
sciences. 6(5), 232-243.

22

[48] Jain, A., 2000. Study of Sacred Khecheopalri Lake
ecosystem in the Sikkim Himalaya. Ph. D thesis,
University of North Bengal. pp. 1-232.

[49] Bharati, H., Deshmukhe, G., Das, S.K., Kandpal,
B.K., Sahoo, L., Bhusan, S.. Singh, Y.J. 2020. Phy-
toplankton communities in Rudrasagar Lake, Tripura
(North-East India) - A Ramsar Site. International
Journal of Bio-resource and Stress Management.
11(1), 1-7.

DOI: https://doi.org /10.23910/1JBSM/2020.11.1.2030

[50] Nirmal Kumar, J.I., Oommen, C., 2007. Phyto-
plankton composition in relation to hydrochemical
properties of tropical community wetland, Kanewal,
Gujarat, India. Applied Ecology and Environmental
Research. 9(3), 279-292.

[51] Shafi, N., Ahmad, A., Pandit, A.K., 2013. Phyto-
plankton Dynamics of Nigeen Lake in Kashmir
Himalaya. International Journal of Environment and
Bioenergy. 6(1), 13-27.

[52] Lone, J.A., Lone, F.A. Suseela, M.R., Toppo, K.
2016. Phycological studies in himalayan dal lake
ecosystem: seasonal composition and role of phys-
ico-chemical parameters. International Journal of
Current Research. 8(5), 30147-30155.

[53] Panikkar, P., Saha, A., Prusty, A.K., Sarkar, U.K.,
Das B.K. 2022. Assessing hydrogeochemistry, water
quality index (WQI), and seasonal pattern of plank-
ton community in different small and medium reser-
voirs of Karnataka, India. Arabian Journal of Geosci-
ences. 15, 82.

DOI: https://doi.org/10.1007/s12517-021-09291-6

[54] Geethu, G., Balamurali, R.S., 2018. Study on distri-
bution and diversity of phytoplankton in relation to
physico-chemical parameters in Polachira wetland,
Kerala. International Journal of Research and Analyt-
ical Reviews. 5(2), 1960-1964.

[55] Brraich, O.S., Kaur R., 2015. Phytoplankton commu-
nity structure and species diversity of Nangal wet-
land, Punjab, India. International Research Journal of
Biological Sciences. 4(3), 76-83.

[56] Rawat, M.S., Sharma, R.C., 2005. Phytoplankton
population of Garhwal Himalayan lake Deoria Tal.
Uttranchal Journal of Ecophysiology & Occupational
Health. 5, 73-76.

[57] Mishra, A., Chakraborty, S.K., Jaiswar, A.K., Shar-
ma, A.P., Deshmukhe, G., Mohan, M. 2010. Plankton
diversity in Dhaura and Baigul reservoirs of Uttra-
khand. Indian Journal of Fisheries. 57(3), 19-27.

[58] Negi, R.K., Rajput, V., 2015. Assessment of phy-
toplankton diversity in relation to abiotic factors of
Nainital Lake of Kumaon Himalayas of Uttarakhand


https://doi.org /10.23910/IJBSM/2020.11.1.2030

Research in Ecology | Volume 04 | Issue 02 | June 2022

State, India. Asian Journal of Scientific Research.
8(2), 157-164.

[59] Goswami, M., Das, T., Kumar, S., Mishra, A. 2018.
Impact of physico-chemical parameters on primary
productivity of Lake Nainital. Journal of Entomology
and Zoology Studies. 6(4), 647-652.

[60] Singh, S., Sharma, R.C., 2018. Monitoring of algal
taxa as bioindicator for assessing the health of the
high altitude wetland, Dodi Tal, Garhwal Himalaya,
India. International Journal of Fisheries and Aquatic
Studies. 6(3), 128-133.

[61] Keshri, J.P., Ghosh, S., Bhattacharyya, S., 2013. A
survey of phytoplankton diversity in Baishar beel
of Nadia district of West Bengal. Internal Journal of
Current Research Review. 5(19), 9-13.

[62] Singh, N. R., Das, S.K., Kumar, S, Bhakta, D., Be-
hera, S., Nagesh, T.S., Mondal, A. 2017. Limnol-
ogy and productivity status in wetlands (beels) of
24-South Parganas district, West Bengal. Journal of
Entomology and Zoology Studies. 5(2), 664-668.

[63] Affan, A., Jewel, A.S., Haque, M., Khan, S., Lee, J.B.
2005. Seasonal cycle of phytoplankton in aquaculture
ponds in Bangladesh. Algae. 20(1), 43-52.

[64] Akter, S., Rahman, M.M., Akter, M., 2015. Compo-
sition and abundance of phytoplankton population in

fish ponds of Noakhali district, Bangladesh. Ameri-
can-Eurasian Journal of Agriculture & Environment
Science. 15(11), 2143-2148.

[65] Gautam, G., Paudel, A., Poudel, L., Shretha, S.
2016. Limno-plankton diversity and water quality
in shallow Lake ecosystem in central Nepal. Inter-
national Journal of Advanced Research in Biolog-
ical Sciences. 3(7), 131-139. http://s-o-i.org/1.15/
ijarbs-2016-3-7-20

[66] Adhikari, P.L., Shrestha, S., Bam, W., Xie, L., Per-
schbacher, P. 2017. Evaluation of spatial-temporal
variations of water quality and plankton assemblages
and its relationship to water use in Kulekhani multi-
purpose reservoir, Nepal. Journal of Environmental
Protection. 8, 1270-1295.

DOI: https://doi.org/10.4236/jep.2017.811079

[67] MacArthur, R.H., 1965. Patterns of spices diversity.
Biological Reviews. 4, 510-533.

DOI: https://doi.org/10.1111/7.1469-185X.1965.tb00815.x

[68] Woelkerling, W., Gough, S.B., 1976. Wisconsin De-
smids.III. Desmid community composition and dis-
tribution in relation to lake type and water chemistry.
Hydrobiologia. 51, 3-32.

[69] Payne, A.R., 1986. The ecology of Tropical Lakes
and Rivers. John Wiley & Sons, New York. pp. 1-301.

23


https://doi.org/10.1111/j.1469-185X.1965.tb00815.x

