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Abstract. Nongmahir reservoir of Meghalaya state of northeast India (NEI), sampled at the littoral and limnetic regions,
revealed fairly biodiverse zooplankton of total 56 species with peak consortium (52 species) in January collection from the
littoral region. The richness indicated spatial monthly variations and heterogeneity at the two regions mainly influenced by
Rotifera. The ‘soft and de-mineralized waters’ resulted in low zooplankton abundance. Copepoda > Rotifera with Cyclopidae
> Brachionidae influenced zooplankton, and Mesocyclops leuckarti > Keratella cochlearis > Ascomorpha ovalis >
Microcyclops hyalinus are notable species at the littoral region. The limnetic region recorded Rotifera dominance, and
importance of Brachionidae > Cyclopidae and K. cochlearis > Conochilus unicornis >M. leuckarti >A. ovalis > Asplanchna
priodonta > Polyarthra vulgaris. Zooplankton recorded moderate species diversity and notable differences of evenness and
dominance. The spatial monthly differences of richness, abundance and diversity indices of zooplankton, and importance of
notable taxa are hypothesised to habitat heterogeneity of the two regions. Our results also indicated limited and differential
influence of individual abiotic factors on zooplankton taxa, while the canonical correspondence analysis registered high
cumulative influence of 10 abiotic factors on the littoral (80.62%) and limnetic (74.79%) assemblages along axis 1 and 2.
This study highlighted distinct temporal variations of different diversity parameters than our preliminary survey of June

1995-May 1996.
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INTRODUCTION

ooplankton, an integral part of aquatic food-

webs and important fish-food organisms, has
been studied from diverse aquatic biotopes since
inception of the Indian limnology but received
relatively less attention from lakes and reservoirs
(Jana 1998). This generalization holds valid the
current status of lacustrine limnology of India and
that of north India in particular because of size-
able number of ‘routine’ ecology reports with
incomplete species lists, unidentified species and
inadequate data-analysis (Sharma & Pachuau
2013). However, certain meaningful studies on
zooplankton assemblages from the sub-tropical
regions of India are those of Sharma and Pant
(1984, 1985), Raina & Vass (1993), Mishra et al.
(2010), Ahangar et al. (2012), Jindal & Thakur
(2013), Slathia & Dutta (2013), Thakur et al.

(2013), Malik & Panwar (2016), Sharma &
Kumari (2018) and Singh & Sharma (2020). The
related works of Sharma & Hussain (2001),
Sharma (2011a, 2011b), Sharma & Sharma (2008,
2011, 2012), Sharma & Hatimuria (2017) and
Sharma & Noroh (2020) dealt with zooplankton
of the floodplain lakes of NEI. However, the
studies on zooplankton diversity from reservoirs
of NEI are limited till date to ‘ad-hoc’ reports
from Gumti reservoir of Tripura (Bhattacharya &
Saha 1986, 1990), and the preliminary surveys of
the subtropical reservoirs from Meghalaya (Shar-
ma 1995, Sharma and Lyngskor 2003, Sharma &
Lyngdoh 2004) and Mizoram (Sharma & Pachuau
2013).

The present study, a follow-up of our limited
survey of June 1995 — May 1996 (Sharma and
Lyngskor 2003), undertaken to provide detailed
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information on zooplankton diversity of a subtro-
pical reservoir of Meghalaya, assumes limnologi-
cal interest in light of the stated lacunae. It is
based on analyses of monthly littoral and limnetic
net plankton collections with reference to species
composition, richness, community similarities, a-
bundance, species diversity, dominance and even-
ness, and individual and cumulative influence of
abiotic factors on zooplankton assemblages. The
results are compared with the related studies from
the sub-tropical lakes of the Himalayan and sub-
Himalayan regions of north India, the floodplain
lakes and the sub-tropical environs of NEI, lacust-
rine ecosystems elsewhere from India and certain
reports from adjacent countries of the Indian sub-
region. We attempt to highlight spatial variations
of different aspects of diversity based on our
studies at the littoral and the limnetic regions, and
temporal variations in comparison with the earlier
survey of June 1995 — May 1996.

MATERIALS AND METHODS

The study is based on limnological survey (Ja-
nuary — December, 2015) of Nongmahir reservoir
(25.7876°N; 91.8251°E; area: 70 ha; maximum
depth: 25 m) located in Ri-Bhoi district (Fig. 1A—
B), at a distance of about 45 km. from Shillong
city — the capital of Meghalaya state of NEI. Non-
gmahir was commissioned in 1979 to serve as a
pick up reservoir (Stage III) of the Umiam-Umtru
hydroelectric project. This reservoir lacks any a

quatic vegetation. Catla catla, Cirrhinus mrigala,
Cyprinus carpio, Clarias batrachus, Dania rerio,
D. acquipinnatus, D. dangila, Heteropneustes
fossilis, Labeo rohita, Neolissocheilus hexago-
nolepis, Puntius sophore and Tor putitora are the
fish species known to inhabit this reservoir.

Water samples were collected monthly from
the littoral and limnetic regions. Water tempera-
ture was recorded with a centigrade thermometer,
transparency with Secchi disc, pH and specific
conductivity with the field probes, dissolved oxy-
gen by the modified Winkler’s method, and other
abiotic factors: total alkalinity, total hardness, cal-
cium, magnesium, chloride, dissolved organic
matter, phosphate, nitrate and sulphate were ana-
lyzed following APHA (1992). Rainfall data was
obtained from the local meteorological station.
The qualitative net plankton samples collected
from the two regions by towing nylobolt plankton
net (mesh size: 40 um) were preserved in 5% for-
malin. All the collections were screened with a
Wild Stereoscopic binocular microscope, zoo-
plankton were isolated and mounted in polyvinyl
alcohol-lactophenol mixture, and were observed
with Leica stereoscopic microscope (DM 1000).
The species were identified following Michael &
Sharma (1988), Sharma (1983, 1998), Sharma and
Sharma (1999a, 1999b, 2008). The community
similarities were calculated vide Serensen’s index
and the hierarchical cluster analysis using SPSS
(version 20).
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in Ri-Bhoi district.
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The monthly quantitative net plankton samples
were obtained by filtering 25 L of water each
from the littoral and limnetic regions through
nylobolt plankton net and were preserved in 5%
formalin. Quantitative enumeration of zooplank-
ton assemblages was done with a Sedgewick-
Rafter counting cell and abundance was expressed
as ind. I as well as ranges and means + S.D.
Species diversity (Shannon-Weiner index), do-
minance (Berger-Parker index) and evenness (E;
index) were calculated following Ludwig &
Reynolds (1988) and Magurran (1988). The sig-
nificance of variations of the different abiotic and
biotic factors between the sampled regions and
months was ascertained by two-way ANOVA.
Pearson’s correlation coefficients were calculated
between abiotic and biotic parameters for the
littoral and limnetic regions (r; and r,, respec-
tively), p values (2-tailed) were calculated vide
http://vassarstats.net/tabs.html and their signifi-
cance were ascertained after applying Bonferroni
corrections. The canonical correspondence ana-
lysis (CCA) was done using XLSTAT (2015) to
observe cumulative influence of ten abiotic para-
meters (for limitations of the sampled months)
namely water temperature, rainfall, transparency,
pH, specific conductivity, dissolved oxygen, free
carbon dioxide, total alkalinity, total hardness and
chloride on zooplankton and important taxa. The
study period is divided into winter (December-
February), spring (March), pre-monsoon (April-
June), monsoon (July-October) and autumn
(November) seasons for better explanation of our
results; NEI experiences extended rainfall from
pre-monsoon to monsoon seasons, and pre-mon-
soon equates with summer season elsewhere in
India.

RESULTS

The variations of abiotic and biotic factors at
the littoral and limnetic regions noted vide this
study as well as June 1995 — May 1996 survey are
presented in Tables 1-2.

We recorded total 56 species of zooplankton
with 56 and 41 species recorded from the two
regions, respectively of Nongmahir reservoir;

Rotifera; Cladocera, Rhizopoda, Copepoda and
Ostracoda indicated 32, 10, 9, 4 and 1 species,
respectively (Table 2). The monthly zooplankton
richness ranged between 2752 and 19-32 species
and registered 57.6-85.7% and 51.1-88.9% com-
munity similarities, and Rotifera richness varied
between 13-31 and 10-17 species, at the two re-
gions, respectively. The hierarchical cluster ana-
lysis (Figs. 2-3) exhibited differences in the
cluster groupings at the littoral and limnetic
regions.The monthly variations in abundance of
zooplankton, important groups and species are
indicated in Table 2 as well as June 1995-May
1996 survey, and the details are presented in
Appendices [-II. Zooplankton abundance ranged
between 131-279 and 96425 ind.I" and com-
prised between 23.3+10.0, 32.2+10.6% of net
plankton abundance at the littoral and limnetic
regions respectively (Table 2). Rotifera (27-158,
67-315 ind.I""), Copepoda (30-97, 8-122 ind.I'"),
and Cladocera (2948, 7-29 ind.I"') comprised
between 37.3+17.1, 69.7+14.0%; 40.5+18.2,
19.2+11.7%; and 19.0+£5.3, 7.9+3.8% of zoo-
plankton abundance at the two regions respec-
tively (Table 2). Rhizopoda and Ostracoda
recorded low densities. Brachionidae (25+33,
48+57 ind.I") and Cyclopidae (60+42, 31+27
ind.I"") are notable families, while Bosminidae
(13+£7, 9+5 ind.I") and Chydoridae (134, 4+3
ind.I"") indicated limited importance; the species
Mesocyclops leuckarti (50+38, 31+27 ind.l"),
Keratella  cochlearis (20+34, 47+57 ind.l"),
Ascomorpha  ovalis (1921, 27+17 ind.I")
indicated importance at the two regions, respec-
tively. In addition, Conochilus unicornis (36+49
ind.1""), Asplanchna priodonta (17+17 ind.I"") and
Polyarthra vulgaris (10£6 ind.I") deserved
attention in the limnetic collections, and Micro-
cyclops hyalinus (10+4 ind.1") is notable at the
littoral region. The significance of various abiotic
and biotic factors (vide ANOVA) between the
littoral and limnetic regions and months are
indicated in Table 3. Zooplankton species
diversity (Fig. 4) ranged between 2.047-3.481
and 1.607-2.847 (2.217 + 0.327), and evenness
and dominance between 0.596 — 0.881 and 0.520
—0.838, and 0.146 — 0.502 and 0.185 — 0.459, at
the two regions, respectively. Rotifera richness is
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Table 1. Variations of abiotic factors

Stations— Littoral region Limnetic region June 1995-May 96
Factors | Range Mean + S.D Range Mean = S.D Mean = S.D
Water temperature °C 16.0-24.0 20.7+£2.7 16.5-24.5 20.8 £2.6 21.1+4 .4
Rainfall mm 1.4-803.2 230.2 £227.8 1.4v803.2 230.2 £227.8 175.2 +£206.8
Transparency cm 75-110 92.5+10.1 80-120 100.8 +12.4 1.9+04
pH 6.7-7.2 6.95+0.16 6.8-7.2 6.95+0.13 8.1+0.6
Specific conductivity uS/cm’' 40.2-57.8 50.3+53 38.8-58.0 50.0+6.3 355+7.7
Dissolved oxygen mg ! 7.0-9.6 8.2+0.7 7.4-9.0 8.3+0.6 6.5+0.6
Free Carbon dioxide mg I 9.0-14.0 113+1.5 6.0-8.0 7.1£0.9 2.84+09
Total Alkalinity mg I’ 24.048.0 33.0+6.8 28.046.8 363+5.7 27.5+5.7
Total Hardness mg 1"’ 16.8-32.0 23.0+4.8 18.6-38.8 25.6£5.8 21.545.7
Calcium mg I 9.8-19.2 139+3.4 10.0-18.7 13.7+2.6 10.6 3.3
Magnesium mg I 1.24.2 2.2+0.8 1.0-5.0 22+1.1 2.6+0.9
Chloride mg 1 12.0-18.0 145+2.1 10.2-17.8 13.7+2.0 6.7+1.2
Phosphate mg I 0.090-0.208 | 0.151+0.041 | 0.102-0.234 | 0.160 + 0.046 0.13 £ 0.06
Sulphate mg I 0.159-2.020 | 1.022+0.664 | 0.259-2.004 | 0.939 +0.558 55+22
Nitrate mg/l 0.062-0.108 | 0.090+0.016 | 0.052-0.110 | 0.086 +0.016 1.3+L1
Dissolved organic matter mg 1’! 2.2-4.38 3.1+£0.7 1.6-3.4 2.1+0.6 -

Table 2. Qualitative and quantitative variations of zooplankton

RICHNESS
Littoral region Limnetic region June 1995-May 1996

Zooplankton  Total 56 species 41 species 28 species

Monthly 27-52 35+6 19-32 22+3 1022 15«3

Community similarity 57.6 —85.7% 51.1- 88.9%

Rotifera Total 32 species 23 species 14 species

Monthly 13-31 18+4 10-17 1242 -

ABUNDANCE
Net Plankton  ind.1I” 436-1736 1053 +£421 363-1346 747 +325 80-312 164+ 77
Zooplankton ind.I'" 131-279 200 +42 96-425 218 +103 17-109 55+26
Percentage 104-352  23.3+10.0 19.9-55.1 30.2 +10.6 43.6 £26.4
Species Diversity 2.047-3.481 2.584+0.378 | 1.607-2.847 2.217+0.327 1.891-2.840 2.254 +0.289
Dominance 0.146-0.502 0.329+0.126 | 0.185-0.459 0.351+0.112 | 0.133-0.392 0.296 + 0.098
Evenness 0.596-0.881 0.727+0.086 | 0.520-0.838 0.717+0.096 | 0.761-0.988 0.838 +0.090
Important Groups
Rotifera ind.I" 27-158 78 £43 67-315 151+ 80 5-13 9+3
Percentage 14.9-66.1 37.3+17.1 32.4-86.5 69.7 + 14.0
Copepoda ind.I"! 30-97 82+46 8-122 48+34 6-73 31+£26
Percentage 13.8-70.6 40.5+18.2 4.5-43.6 19.2+11.7
Cladocera ind.I” 29-48 36+6 7-29 15+6 3-34 14+9
Percentage 11.1-31.2 19.0£5.3 3.0-17.1 7.9+3.8
Important Families (ind.I")
Brachinoidae 3-100 25+33 6211 48+57 -
Cyclopidae 15-162 60 +42 5-90 31+27 -
Bosminidae 5-22 13+7 4-21 9+5 -
Chydoridae 620 13+4 2-11 4+3 -
Important Species (ind.I'")

Mesocyclops leuckarti 10-140 50 + 38 5-90 31+£27 -
Keratella cochlearis 1-100 22+ 34 2-210 47 £57 -
Ascomorpha ovalis 2-75 19 +21 0-90 2717 -
Asplanchna priodonta 2-20 8+5 5-100 17+ 17 -
Conochilus unicornis 2-10 5+£3 5-190 36 +49 -
Polyarthra vulgaris 2-17 5+£5 5-30 10£6 -
Microcyclops hyalinus 2-22 10+4 0-2 0+1 -
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Figure 2. Hierarchical cluster analysis of zooplankton
assemblages (Littoral region).
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Figure 4. Monthly variations of zooplankton species
diversity

inversely influenced by phosphate (1, = -0.688, p
=0.0279) at the limnetic region, and zooplankton
(r,=0.697, p = 0.0251) and Rotifera (r,=0.679, p
= 0.0308) richness is positively correlated with
dissolved organic matter at the littoral region.
Cladocera abundance is inversely influenced by
free carbon dioxide (r; = -0.730, p = 0.0165) and
nitrate (r;= -0.691, p = 0.0251); Rotifera abun-
dance by specific conductivity (r;= -0.667, p
0.0351) at the littoral region; and the latter is
positively correlated with water abundance (1, =
0.697, p = 0.0251) at the limnetic region. Brachi-
onidae is inversely influenced by transparency (r,
=-0.784, p = 0.0073) and specific conductivity (1,
=-0.690, p = 0.0272) and positively influenced by
sulphate (r;= 0.744, p = 0.0136) at the littoral

Figure 3. Hierarchical cluster analysis of zooplankton
assemblages (Limnetic region).

region; it is positively influenced water tempe-
rature (r; = 0.681, p = 0.0302) and sulphate (r; =
0.772, p = 0.0089) and inversely influenced by
transparency (r, = -0.721, p = 0.0186), total
alkalinity (r, = -0.760, p=0.0189) and calcium (r,
= -0.732, p = 0.0161); and Chydoridae is
positively (r, = 0.859, p = 0.0016) influenced by
dissolved organic matter at the limnetic region.
Keratella cochlearis recorded inverse correlation
with transparency (r;= -0.759, p = 0.0109) and
specific conductivity (r;= -0.673, p = 0.033) and
is positively influenced by sulphate (r;= 0.736, p
= 0.0152); Ascomorpha ovalis is positively
influenced by total alkalinity (r)= 0.771, p =
0.009), total hardness (r;= 0.772, p = 0.0089) and
dissolved organic matter (r;= 0.716, p = 0.0199)
and calcium (r;= 0.695, p = 0.0263); and
Asplanchna priodonta is positively influenced by
dissolved oxygen (r;= 0.838, p = 0.0025), total
alkalinity (r;= 0.883, p = 0.0007), total hardness
(r= 0.932, p <0.0001), calcium (r;= 0.914, p
=0.0002), and magnesium (r;= 0.767, p =0.0096),
and inversely by sulphate (r;=-0.775, p = 0.0085)
at the littoral region. Ascomorpha ovalis is
inversely influenced by dissolved oxygen (r,= -
0.689, p = 0.027); Keratella cochlearis is
positively influenced by water temperature (r,=
0.690, p = 0.027) and sulphate (r,= 0.775, p =
0.008) and is inversely influenced by transparency
(r,=-0.716, p = 0.011), total alkalinity (r,=-0.764,
p = 0.010) and calcium (r,= -0.738, p = 0.015);
and Asplanchna priodonta is positively influenced
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Figure 5. CCA coordination biplot of zooplankton and abiotic factors (Littoral region).

Abbreviations: Abiotic factors: Alk (alkalinity), Cl (Chloride), Cond (specific conductivity), Co2 (free carbon dioxide, DO
(dissolved oxygen), rain (rainfall), Trans (transparency), Hard (hardness), pH (hydrogen-ion concentration), wt (water
temperature). Biotic factors: A. ov. (Ascomorpha ovalis abundance), Ap. pr. (dsplanchna priodonta abundance). Bos
(Bosminidae abundance), Br (Brachionidae abundance), Bs. dt. (Bosminopsis deitersi abundance), Chy (Chydoridae abundance),
Cld (Cladocera abundance), CIR (Cladocera richness), Cop (Copepoda abundance), Cycl (Cyclopidac abundance), Kr. ch.
(Keratella cochlearis abundance) M. hy. (Microcyclops hyalinus abundance), M. luk. (Mesocyclops leuckarti abundance), Rot
(Rotifera abundance), RR (Rotifera richness), Rz (Rhizopoda abundance), Zoo (Zooplankton abundance), ZR (Zooplankton

richness).

by total alkalinity (r,= 0.787, p = 0.007), total
hardness (r,= 0.812, p = 0.0043) and sulphate (r,=
0.791, p = 0.006) at the limnetic region. The
Canonical correspondence analysis (CCA) with
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10 abiotic factors registered cumulative influence
of 89.62 and 74.79%, along axis 1 and 2, on
zooplankton assemblages at the littoral and
limnetic regions, respectively (Figs. 5-6).



Sharma & Sharma: Zooplankton diversity of a subtropical reservoir of Meghalaya, India

CCA Map / Symmetric
(axes F1 and F2: 74.79 %)
1,2
0,8 T
0,4

1,2
-1,6 1,2 0,8 0,4 0 0,4 0,8 1,2 1,6

F1 (51.58 %)

Figure. 6. CCA coordination biplot of zooplankton and abiotic factors (Limnetic region)

Abbreviations: Abiotic factors: Alk (alkalinity), Cl (Chloride), Cond (specific conductivity), Co2 (free carbon dioxide, DO
(dissolved oxygen), rain (rainfall), Trans (transparency), Hard (hardness), pH (hydrogen-ion concentration), wt (water
temperature). Biotic factors: A. ov. (4dscomorpha ovalis abundance), Ap. pr. (4splanchna priodonta abundance). Bos
(Bosminidae abundance), Br (Brachionidaec abundance), Chy (Chydoridae), Cld (Cladocera abundance), CIR (Cladocera
richness), Co.un. (Conochilus unicornis abundance), Cop (Copepoda), Cycl (Cyclopidac abundance), Kr. ch. (Keratella
cochlearis abundance) M. hy. (Microcyclops hyalinus), M. luk. (Mesocyclops leuckarti abundance), P. vul (Polyarthra vulgaris),
Rot (Rotifera abundance), RR (Rotifera richness), Rz (Rhizopoda abundance), Zoo (Zooplankton abundance), ZR (Zooplankton

richness).

Table 3: ANOVA indicating significance of abiotic and biotic factors

Parameters I Regions I Months

Abiotic factors
Water temperature - F1123=233.294, P=2.19E-11
Transparency Fi1,3=17.742, P =0.001 Fi1,3=10.871, P =0.0002
pH - -

Specific conductivity -
Dissolved oxygen -
Free Carbon dioxide F,,3=73.565, P=3.35E-06 -
Total Alkalinity F1,3=23.683, P =0.0005 F1123=30.097,P =1.31E-06

F1 0= 11.1508, P=0.0002
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Parameters

Regions

Months

Abiotic factors

Total Hardness

Fi23 =30.644, P = 0.0002

Fi123=43.616, P = 1.87E-07

Calcium - Fi123=31.712, P =9.99E-07
Magnesium - F1123=26.706, P = 2.44E-06
Chloride - F1123=6.0970, P=0.0028
Phosphate - Fi123=8.972, P =0.0005
Sulphate - Fi123=30.302, P = 1.27E-06
Nitrate Fi123 =15.625, P =3.68E-05

Dissolved organic matter

F,,;=31.132, P=0.0002

F11~23_= 3893, P=0.016

Biotic factors

Richness
Zooplankton F,,; =129.717, P =1.99E-07 F123=5.545, P=0.0042
Rotifera F|,; =23.862, P =0.0004 -
Abundance
Zooplankton - -
Rotifera Fi,=9.323,P=0.011 -
Copepoda F,,; =168.163, P =5.22E-08 Fi,,3=3.098, P =0.036
Cladocera F,,; =168.163, P =5.22E-08 F,,3=3.820,P=0.018

Zooplankton species diversity

Fy,; =13.684, P=10.003

Fi1,3=3.631,P =0.021

Important families

Cyclopidae Fi,; =8.987, P=0.012 F1,3=3.850,P=0.017
Brachinoidae F,,3=5.478,P=0.039 -
Bosminidae Fi,; =5.110, P =0.045 -
Chydoridae Fi2; =54.397, P = 1 4E-05 -

Important species

Mesocyclops leuckarti

Fl 23 = 4314, P=0.013

Keratella cochlearis

Fi03 =6.157,P =0.030

Fll 23 = 6973, P =0.002

Ascomorpha ovalis

Asplanchna priodonta

F, . = 8.564, P=0.012

F“ 23 = 3105, P=0.025

(-) indicates insignificant variations

DISCUSSION

The sub-tropical Nongmahir reservoir is cha-
racterized by soft, slightly acidic — circum neutral
and calcium poor waters with low specific con-
ductivity, chloride and nutrients. Low specific
conductivity is attributed to leached and weath-
ered nature of rocks and soils because of high
rainfall in NEI (Sharma 1995) and the lowered
buffering capacity of the de-mineralized waters
(Steinitz-Kannan et al. 1983). ANOVA indicated
significant variations of free carbon dioxide be-
tween stations; transparency, total alkalinity, total
hardness and dissolved organic matter indicated
significant variations between regions and
months, while water temperature, specific con-
ductivity, calcium, magnesium, chloride, phos-
phate, nitrate and sulphate recorded significant
monthly variations. In all 12 abiotic factors regis-
tered significant monthly variations and only 5
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factors registered significant variations between
the regions; the differences are hypothesized to
habitat diversity of the sampled regions. This
study depicted decreased transparency, magne-
sium, sulphate and nitrate, and relative increase in
specific conductivity, free carbon dioxide, total
alkalinity, total hardness, calcium, phosphate and
nitrate than earlier preliminary report (Sharma &
Lyngskor 2003).

Fifty-six species belonging to 37 genera and
22 families observed vide our study revealed one
of the biodiverse zooplankton assemblage known
from the tropical and subtropical lacustrine envi-
rons of India; this salient feature is attributed to
overall environmental heterogeneity of Non-
gmabhir reservoir. Our remarks are affirmed by
higher richness known than the reports from lakes
and reservoirs of Andhra Pradesh (Sharmila &
Shameem 2017), Karnataka (Hulyal & Kaliwal
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2008, Kudari & Kanamadi 2008, Rajashekhar et
al. 2008, Majagi & Vijaykumar 2009, Shiva-
shankar & Venkataramana 2013, Ramalingappa et
al. 2015, Anita et al. 2019, Basawarajeshwari
2019, Majagi et al. 2019), Kashmir (Khan 1987,
Raina & Vass 1993, Ahangar et al. 2012, Jeelani
& Kaur 2014), Madhya Pradesh (Khandayat &
Singh 2019), Meghalaya (Sharma 1995, Das et al.
1996, Sharma & Lyngdoh 2004), Mizoram
(Sharma & Pachuau 2013), Rajasthan (Shwetan-
shumala & Sharma 2020), Tamil Nadu (Mani-
ckam et al. 2017, 2018) and Uttarakhand (Negi &
Pant 1983, Mishra et al. 2010, Malik & Panwar
2016, Sharma & Kumari 2018, Singh & Sharma
2020), and water bodies of Nepal (Tiwari &
Chhetry 2009), Bangladesh (Islam & Chowdhury
2013), Bhutan (Sharma and Bhattarai 2005) and
Myanmar (Twin & Aung 2019). This study also
registered a distinct two-fold richness increase
than our earlier report (Sharma & Lyngskor
2003). The reports of 56 and 41 species, with
84.5% community similarity, depicted zooplank-
ton homogeneity amongst from the two regions.
Rotifera, the most speciose group, highlighted
paucity of the Brachionidae and Brachionus spp.
in slightly acidic — circum neutral waters concur-
rent with the reports of Sharma (1995), Sharma &
Pachuau (2013) and Sharma et al. (2016). Peak
rotifer (31 species) richness noted during January
from the littoral region depicted speciose constel-
lation. The rotifers recorded higher richness than
known from lacustrine environs of Meghalaya
(Sharma 1995, Sharma & Lyngdoh 2004),
Mizoram (Sharma & Pachuau 2013), Kashmir
(Raina & Vass 1993, Wani & Subla 1995, Jeelani
& Kaur 2014, Shah et al. 2017, Jamila, 2018),
Uttarakhand (Inaotombi et al. 2016), Bangladesh
(Islam & Chowdhury 2013) and Myanmar (Twin
& Aung 2019).

Zooplankton richness followed oscillating
monthly spatial variations; higher richness at the
littoral > the limnetic region is hypothesized to
greater habitat diversity of the former region.
Peak consortium / sample of 52 species at the lit-
toral region during January (winter) collection
supported habitat diversity assertion; such as-
semblage is attributed to the possibility of co-

existence of speciose constellation as hypothe-
sized by MacArthur (1965). Zooplankton regis-
tered 57.6-85.7% and 51.1-88.9% community
similarities with peak values between September-
December and March—December and thus de-
picted heterogeneity at the two regions, respec-
tively. This generalization is supported by 61—
70% and 71-80% similarities in ~36% and ~55%
instances at the littoral region, while the limnetic
region recorded 51-60%, 61-70% and 71-80%
similarities in ~20%, ~42% and ~34%. The hie-
rarchical cluster analysis indicated closer af-
finities between September—December > June—
July assemblages while October collection indi-
cated peak divergence at the littoral region. The
limnetic region showed high affinity between
March—December > April-May and maximum di-
vergence during September collections. Overall
variations in cluster groupings endorsed spatial
heterogeneity amongst the two regions. Rotifera
influenced zooplankton richness at the littoral (r;
= 0.975, p <.0001) and limnetic (r, = 0.918, p =
0.0002) regions.

Zooplankton indicated low abundance with
wider variations at the limnetic than the littoral
region. Low abundance is attributed to ‘soft’
waters with ‘low ionic concentrations’ of Nong-
mahir reservoir; our results thus concurred with
the reports, from waters with identical features,
from Meghalaya (Sharma 1995), Manipur
(Sharma 2011a), Assam (Sharma & Sharma 2012,
Sharma & Noroh 2020), and Mizoram (Sharma &
Pachuau 2013) states of NEI, and from Bhutan
(Sharma & Bhattarai 2005). Zooplankton com-
prised subdominant component of net plankton at
the two regions; this generalization concurred
with the reports from Assam (Sharma & Hati-
muria 2017), Himachal Pradesh (Jindal &
Prajapat 2005, Jindal & Thakur 2014), Meghalaya
(Sharma 1995, Sharma & Lyngdoh 2003) and
Mizoram (Sharma & Pachuau 2013). We recorded
a distinct increase in zooplankton abundance than
known from the sampled reservoir (Sharma and
Lyngskor, (2003) and it is broadly concurrent
with the reservoir of Mizoram (Sharma &
Pachuau 2013). This study showed oscillating and
differential spatial density variations; the latter is
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affirmed by higher abundance at the limnetic >
littoral region from April-September, while the
littoral > limnetic pattern was noted from
January—Match and October—December. Peak
April abundance, at both the regions, and maxima
during August concurred with the report from
Uttarakhand (Negi & Pant 1983) and monsoon
maxima agreed with the report from Myanmar
(Twin & Aung 2019). Besides, peak agreed with
summer peaks from Andhra Pradesh (Sharmila &
Shameem 2017), Karnataka (Hulyal & Kaliwal
2008, Majagi & Vijaykumar 2009, Shivashankar
& Venkataramana 2013, Anita et al. 2019; Majagi
et al. 2019, Basawarajeshwari 2019), Tamil Nadu
(Manickam et al. 2017, 2018) but differed from
winter peeks known from Madhya Pradesh
(Khandayat & Singh 2019) and Uttarakhand
(Sharma & Pant 1984, Malik & Panwar 2016,
Singh & Sharma 2020). We observed differential
spatial importance of Copepoda > Rotifera at the
littoral region but with no overall significant
influence on zooplankton. On the contrary,
Rotifera (r, = 0.942, p < 0.0001) > Copepoda (r, =
0.726, p = 0.0174) contributed to zooplankton
abundance at the limnetic region with the former
indicating importance vs. August maxima, while
Rotifera > Copepoda contributed to peak during
April.

Zooplankton depicted spatial differences in
quantitative importance of Mesocyclops leuckarti
> Keratella cochlearis > Ascomorpha ovalis >
Microcyclops hyalinus at the littoral, and of
Keratella cochlearis > Conochilus unicornis >
Mesocyclops leuckarti > Ascomorpha ovalis >
Asplanchna priodonta > Polyarthra vulgaris at
the limnetic region. We categorize these as
‘specialist’ species in contrast to the rest of ‘gene-
ralist’ species with lower densities. Following
MacArthur’s (1965) explanation, it is thus hypo-
thesized that Nongmabhir reservoir has resources
for utilization by fewer ‘specialist’ and majority
of ‘generalist’ species. Mesocyclops leuckarti
contributed to zooplankton peak in April with
Microcyclops hyalinus > Ascomorpha ovalis >
Asplanchna priodonta > Chydorus sphaericus and
Keratella  cochlearis contributed to August
maxima with Ascomorpha ovalis > Polyarthra
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vulgaris > Bosminopsis deitersi > Conochilus
unicornis > Mesocyclops leuckarti at the littoral
region. Besides, Conochilus unicornis > Meso-
cyclops leuckarti influenced April peak at the
limnetic region with Ascomorpha ovalis > As-
planchna priodonta > K. cochlearis, while K.
cochlearis influenced August maxima with
Asplanchna ovalis > B. deitersi > M. leuckarti.

The occurrence of ‘specialist’ species agreed
with the report from Mizoram (Sharma &
Pachuau (2013) but differed from ‘generalist’
nature of species known from reservoirs of
Meghalaya (Sharma 1995, Sharma & Lyngskor
2003), the floodplain lakes of NEI (Sharma,
2011b, 2011b, Sharma & Sharma 2011, 2020,
Sharma & Noroh 2020), and lakes of Himachal
Pradesh (Jindal & Prajapat 2005; Jindal & Thakur
2014) and Uttarakhand (Malik & Panwar 2016;
Singh & Sharma (2020).

Copepoda recorded spatial monthly density
variations at the littoral > limnetic regions;
ANOVA registered significant variations between
regions and months. The quantitative dominance
of copepods at the littoral region concurred with
the results of Negi & Pant (1983), Das et al.
(1996), Sharma & Hussain (2001), Sharma &
Pachuau (2013), Malik & Panwar (2016) and
Sharma & Pant (1984) at Bhimtal Lake of
Uttarakhand. The relatively lower abundance at
the limnetic region however, agreed with the
reports of Sharma (1995, 2011a), Sharma &
Sharma (2012), Ramalingappa et al. (2015),
Sharma & Noroh (2020) and Singh & Sharma
(2020).

This group recorded distinctly higher abun-
dance than the earlier report from Nongmahir
reservoir (Sharma & Lyngskor 2003). Copepoda
recorded pre-monsoon peaks at the littoral and
limnetic regions and autumn maxima at the
littoral region; the former concurred with the
reports of Ramalingappa er al. (2015) and
Sharmila & Shameem (2017). Cyclopidae contri-
buted to copepod abundance (r; = 0.994, p <
0.0001; r,=0.971, p < 0.0001) at the two regions;
recorded significant density variations between
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regions and months (vide ANOVA). This family
followed monthly density variations identical to
Copepoda with peaks during pre-monsoon at the
littoral and limnetic regions and autumn maxima
at the littoral region. Mesocyclops leuckarti influ-
enced Copepoda abundance (r; =0.989, p<0.0001;
r, =0.973, p<0.0001) at the two regions, while
Microcyclops hyalinus influenced at the littoral
region (r, =0.853, p=0.0017). Cyclopidae signi-
ficance is attributed to the prevalence of stable
environmental conditions for these ‘k-strategists’
as suggested by Allen (1976). The occurrence of
nauplii, throughout the study, indicated periods of
active reproduction concurrent with the reports of
Sharma & Lyngdoh (2004), Sharma & Pachuau
(2013) and Sharma & Noroh (2020).

Rotifera recorded significant spatial density
variations between the two regions (vide
ANOVA); this is affirmed by quantitative domi-
nance of Rotifera vs. zooplankton (r, = 0.942,
p<0.0001) at the limnetic region, while this
phylum comprised an important component at the
littoral region. Our study indicated higher rotifer
abundance than known from the sub-tropical
environs of NEI (Sharma 1995, Das et al. 1996,
Sharma & Lyngdoh 2004), while overall Rotifera
importance also concurred with reports from sub-
tropical lakes of Kashmir (Jyoti & Sehgal 1979,
Khan 1987, Wani & Subla 1995, Jamila 2018),
Uttarakhand (Negi & Pant 1983; Sharma & Pant
1984), Tamil Nadu (Manickam et al. 2017) and
the floodplain lakes of NEI (Sharma 2011a,
2011b, Sharma & Sharma 2008, 2011, 2012,
Sharma & Noroh 2020).

Our results, however, marked a distinct con-
trast to poor abundance recorded earlier from the
sampled reservoir (Sharma & Lyngskor 2003).
Rotifera affirmed differential spatial variations vs.
maxima during spring and peak in monsoon
(August) at the littoral, and the limnetic region
recorded maxima in pre-monsoon (April) and
peak in monsoon (August). Both pre-monsoon
maxima and monsoon peaks agreed with the
report of Ramalingappa ef al. (2015), while pre-
monsoon maxima corresponded with summer
peaks reported by Paulose & Meheshwari (2007),

Manickam et al. (2017), Shah et al. (2017), Shar-
mila & Shameem (2017), Jamila (2018) and Singh
& Sharma (2020). Brachionidae registered
significant spatial density variations between
regions (vide ANOVA); it showed importance
from July—August (peak in July) and from July—
October (peak in August) at the two regions,
respectively but contributed to Rotifera abun-
dance (r; = 0.681, p=0.0302) at the littoral region.
Keratella cochlearis recorded density variations
between regions and months (vide ANOVA) with
peaks during July and August at the two regions,
respectively but contributed to Brachionidae (1, =
0.999, p<0.0001) at the limnetic region.

Cladocera, sub-dominant group, indicated sig-
nificant density variations between regions and
months (vide ANOVA). It indicated higher abun-
dance at the former region than the reports from
Meghalaya (Sharma 1995, Das et al. 1996,
Sharma & Lyngdoh 2004), Mizoram (Sharma &
Pachuau 2013) and Uttarakhand (Negi & Pant
1983). The cladocerans followed oscillating
monthly variations at both regions; recorded peak
during June and maxima during winter at the
littoral region and peak during June at the limnetic
region. The peaks concurred with the reports of
Ramalingappa et al. (2015), Sharmila & Sha-
meem (2017), Sharma & Noroh (2020), Malik &
Panwar (2016) and Singh & Sharma (2020) and
while winter maxima agreed with the reports from
two floodplain lakes of Manipur (Sharma 2011a).
Bosminidae and Chydoridae indicated significant
spatial variations between the regions (vide
ANOVA). Bosminopsis deitersi contributed to
abundance and peak of Cladocera (r,;= 0.668, p =
0.0348) and Bosminidae (r;= 0.942, p <0.0001) at
the littoral region, while Bosminidae (r,= 0.818, p
= 0.0038) influenced Cladocera abundance at the
limnetic region. The other zooplankton groups,
Rhizopoda and Ostracoda recorded very poor
abundance in this study.

Zooplankton registered significant species di-
versity (H) variations between regions and
months (vide ANOVA). Higher diversity at the
littoral region > limnetic region, except in
November (autumn), is hypothesized to greater
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habitat heterogeneity at the former region. Peak
diversity during winter (January) corresponded
with peak zooplankton richness; and H values >
2.9 and >2.5 were noted during June (pre-
monsoon) and September (monsoon), and during
November (autumn) at the two regions, res-
pectively. The diversity followed oscillating
patterns of monthly variations at the two regions.
It is influenced by richness and equitability of
species concurrent with the remarks of Sager and
Hasler (1969) at the littoral region as affirmed by
positive influence by richness of zooplankton (r;=
0.759, p = 0.0109) and Rotifera (r;)= 0.753, p =
0.0119), and evenness (r;= 0.956, p <0.0001). On
the other hand, the diversity is positively influ-
enced by evenness (r,= 0.949, p <0.0001) but
inversely by zooplankton (r,= -0.669, p =0.0349),
Rotifera (r;=- 0.861, p =0.0014) and Brachionidae
(r;=- 0.704, p =0.0231) abundance at limnetic
region.

The concurrence of high diversity with rela-
tively lower densities of majority of species, at
both sampling regions, as supported by positive
correlations with evenness, is attributed to ability
of co-existence of various species in combination
with high micro- and macro-scale habitat hetero-
geneity as hypothesized by Segers (2008). We re-
corded wide variations in zooplankton dominance
with peak values during April and August at the
littoral and limnetic regions, respectively; high
values during March, July and November at the
former region; and during April, September and
October at the limnetic region. These periods
corresponded with zooplankton assemblages do-
minated by ‘specialist’ species (Whittaker 1965),
while lower dominance during rest of the months
is shared by a large number of ‘generalist’ species
(Osborne et al. 1976). Further, dominance (r;= -
0.893, p = 0.0006; r,= -0.781, p = 0.0076)
recorded inverse correlation with zooplankton
diversity at both the regions. Equitable occurrence
and low densities of ‘generalist’ species resulted
in high evenness concurrent with periods of high
species diversity, while occurrence of ‘specialist’
species culminated in high evenness in selective
months. These generalizations are supported by
positive correlation of evenness vs. diversity (r;=
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0.956 p <0.0001; r,=0 .949 p <0.0001) and in-
verse correlation with dominance (r;= -0.961 p
<0.0001; r,= -0.889, p =0.0006) at both the
sampling regions, respectively.

Our study registered limited and differential
spatial influence of individual abiotic parameters
on richness and abundance of zooplankton and
constituent groups at the two regions. These
remarks are endorsed by positive correlation of
dissolved organic matter on zooplankton and
Rotifera richness at the littoral region, while the
latter is inversely influenced by phosphate at the
limnetic region. Further, Rotifera abundance is
positively correlated with water temperature at the
limnetic region, and Cladocera abundance is
inversely influenced by free carbon dioxide and
nitrate, and is inversely influenced by specific
conductivity at the littoral region. The limited
influence on richness concurred with the results of
Sharma & Sharma (2012), while that on abun-
dance on zooplankton and constituent groups
corresponded with the reports of Sharma (2011a),
Sharma & Sharma (2011a, 2020) and Sharma &
Noroh (2020).

The differential spatial significance also holds
valid for notable families and ‘specialist’ species.
Brachionidae is inversely influenced by transpa-
rency and specific conductivity and positively
influenced by sulphate at the littoral region; it is
positively influenced water temperature and sul-
phate and inversely influenced by transparency,
total alkalinity and calcium at the limnetic region;
Bosminidae is positively correlated with trans-
parency and chloride; and Chydoridae is positi-
vely influenced by dissolved organic matter at the
limnetic region. Keratella cochlearis recorded
inverse correlation with transparency and specific
conductivity and is positively influenced by
sulphate; Ascomorpha ovalis is positively influ-
enced by total alkalinity, total hardness alkalinity
and dissolved organic matter; and Asplanchna
priodonta is positively influenced by dissolved
oxygen, total alkalinity, total hardness, calcium,
and inversely by sulphate at the littoral region. A.
ovalis is inversely influenced by dissolved oxy-
gen; K. cochlearis is positively influenced by
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water temperature and sulphate and inversely
influenced by transparency, total alkalinity and
calcium; and 4. priodonta is positively influenced
by total alkalinity, total hardness and sulphate at
the limnetic region. In general, the positive
correlations of Rotifera, Brachionidae and K.
cochlearis with water temperature at the limnetic
region concurred with the periods of high abun-
dance of these taxa.

The canonical correspondence analysis (CCA)
with 10 abiotic factors registered high cumulative
influence on the littoral (89.62%) and limnetic
(74.79%) zooplankton, constituent groups, and
notable families and species along the first two
axes. CCA coordination biplot at the littoral
region indicated ~ 69% and ~20% influence of
abiotic factors along axis 1 and 2, respectively.
Water temperature and chloride influenced rich-
ness of zooplankton and Cladocera abundance;
total alkaninity, total hardness influenced abun-
dance of zooplankton and Asplanchna priodo-
nota; specific conductivity influenced abundance
of Microcyclops hyalinus; total alkalinity and
transparency influenced Chydoridae abundance at
the littoral region. CCA coordination biplot at the
limnetic region indicated ~ 51% and ~23% influ-
ence of abiotic factors along axis 1 and 2, res-
pectively. Water temperature influenced Rotifera
density; specific conductivity and pH influenced
abundance of Copepoda and Mesocyclops
leuckarti; and transparency influenced zooplank-
ton abundance at the limnetic region. Our study
thus highlighted importance of cumulative influ-
ence over individual influence of abiotic factors,
while the impact of fish predation in this reservoir
yet needs to be assessed. High cumulative influ-
ence concurred with 84.8% cumulative variance
reported from a reservoir of Mizoram (Sharma &
Pachuau 2013) but differed from lower cumula-
tive influence observed from certain floodplain
lakes of NEI (Sharma 2011a, Sharma & Sharma
2012, Sharma & Hatimuria 2017, Sharma &
Noroh 2020).

Our results caution on application of Qg

trophic status quotient (Sladecek 1983) in view is
distinct paucity of Brachionus spp. in soft and

slightly acidic — circum neutral waters of Non-
gmahir reservoir. We, however, consider Shannon
Weiner diversity index as a suitable option for
assessing the health of aquatic biotopes with
values between 1-3 as indicator of moderately
polluted condition and less than 1.0 indicating
heavy polluted condition (Wilhm and Dorris
1968, Masson 1998, Datta, 2001). The mean
diversity values recorded vide this study depicted
moderately polluted (‘meso-trophic’) nature,
while monthly variations at the limnetic region
particularly during April, August and September
reflected ‘meso-eutrophic’ nature of Nongmabhir
Teservoir.

To sum up, our report on one of the speciose
zooplankton assemblage from the (sub) tropical
lacustrine environs of India and peak consortium
of 52 species/sample depicted regional biodiver-
sity interest and overall environmental hetero-
geneity of Nongmahir reservoir located in the
Indo-Myanmar hot-spot. Low abundance of zoo-
plankton attributed to ‘soft’ and demineralized
waters; the differential spatial patterns of com-
position, richness, abundance of zooplankton,
constituent groups and important taxa, and mode-
rate species diversity with variations of domi-
nance and equitability indicating habitat hetero-
geneity of the two regions; and resource utili-
zation by both by ‘specialist’ and ‘generalist’ spe-
cies are noteworthy features. Importance of high
overall cumulative influence over individual in-
fluence of abiotic factors at the two sampled
regions is noteworthy, while the impact of fish
predation in this reservoir is required to be as-
sessed. The variations recorded in different as-
pects of zooplankton vs. the preliminary survey of
June 1995-May 1996 asserted notable temporal
variations. In general, this study is an important
contribution to zooplankton diversity of lacustrine
environs of India and the subtropical reservoirs of
NEI in particular.
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Appendix I. Monthly variations in abundance (ind. I'") of zooplankton (Littoral region)

Zooplankton| Months— J F M| A | M J J A S 0 N D
ROTIFERA

Ascomorpha ovalis 18 | 75 | 50 | 12 | 10 5 7 20 5 2 5 14
Asplanchna priodonta 8 20 | 15 12 8 7 3 2 1 4 5 5
B. quadridentatus 3 2 1 1 0 0 0 0 2 3 2 1
Euchlanis dilatata 1 0 0 1 0 0 0 1 0 0 0 1
Collotheca ornata 1 2 0 0 0 1 0 1 0 1 0 0
Conochilus unicornis 10 8 6 5 2 2 5 10 8 2 2 2
Colurella obtusa 3 2 0 0 0 1 0 0 0 0 0 0
Keratella cochlearis 1 1 2 5 5 20 | 100 | 94 | 23 14 1 1
Lepadella ehrenbergi 2 0 0 1 0 0 0 1 0 0 1 0
L. ovalis 1 0 0 1 0 0 1 0 0 1 0 0
Lepadella patella 2 0 3 0 1 0 0 1 0 0 0 0
Lecane bulla 2 0 0 0 1 2 1 1 0 0 0 0
L. closterocerca 2 1 1 0 0 2 2 3 2 1 1 2
L. curvicornis 3 0 0 1 1 0 2 0 1 1 1 2
L. hornemanni 2 0 0 0 0 2 0 0 0 0 1 0
L. leontina 4 0 0 1 0 0 0 1 2 0 0 1
L. luna 2 0 0 0 0 1 0 0 1 2 1 0
L. lunaris 3 2 1 1 2 0 0 1 0 1 0 0
L. quadridentata 1 0 0 0 1 0 0 1 0 1 0 0
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L. stenroosi 1 2 0 0 0 0 0 0 1 1 1 0
Macrochaetus collinsi 1 0 0 0 0 1 1 0 0 0 0 0
Mpytilina ventralis. 2 2 1 0 0 2 2 1 1 0 0 1
Plationus patulus 2 1 0 0 0 2 0 0 3 2 1 1
Platyias quadricornis 2 0 0 0 1 1 0 0 0 0 0 0
Polyarthra vulgaris 8 10 5 0 0 2 7 17 4 2 1 1
Pompholyx sulcata 3 3 1 1 0 1 1 1 0 2 0 0
Testudinella patina 2 0 0 1 2 1 0 0 2 0 1 2
Trichocerca cylindrica 3 1 0 2 0 0 1 0 0 0 2 1
T. pusilla 0 0 0 2 3 1 1 0 0 0 1 2
T. similis 2 0 1 1 1 1 2 2 0 0 0 0
Trichotria tetractis 1 0 1 0 1 0 0 0 1 0 0 1
CLADOCERA

Alona rectangula 2 3 2 2 10 8 4 3 2 2 3 2
Bosmina longirostris 10 8 7 5 3 2 2 3 3 2 3 2
Bosminopsis deitersi 6 5 3 2 2 20 | 28 16 | 10 8 6 5
Ceriodaphnia cornuta 5 3 5 6 8 5 2 2 4 7 9 10
Chydorus angustirostratus | 2 1 0 0 0 0 2 | 1 0 1 2
C. sphaericus 6 8 10 | 10 8 8 3 4 7 12 2 9
Diaphanosoma excisum 2 1 0 0 2 2 1 0 0 1 1 2
D. sarsi 1 1 2 2 1 1 0 2 2 0 2 3
Karualona karua 3 2 1 3 2 1 1 1 1 0 0 2
Scapholeberis kingi 3 2 1 1 1 1 3 3 0 0 2 3
COPEPODA

Mesocyclops leuckarti 30 | 22 | 66 | 140 | 89 | 23 | 12 | 10 | 26 | 28 | 86 | 69
Microcyclops hyalinus 8 11 12 | 22 | 10 6 5 5 9 12 10 9
Heliodiaptomus contortus 2 3 3 1 0 1 2 1 1 0 2 2
H. viduus 3 2 0 2 2 1 2 0 2 2 3 2
Nauplii 12 | 22 | 27 | 32 | 18 | 15 9 24 | 10 | 16 | 20 | 14
RHIZOPODA

Arcella discoides 6 3 1 0 1 1 1 0 2 0 1 1
A. hemispherica 2 1 0 0 2 2 1 2 1 1 2 0
A. vulgaris 0 2 0 1 0 0 0 2 1 0 0 1
Centropyxis aculeata 1 0 0 0 1 0 0 0 0 1 0 0
C. ecornis 1 0 0 0 0 0 0 1 0 0 0 0
Difflugia lebes 2 0 2 1 2 1 1 0 0 1 1 0
D. oblonga 1 1 0 0 0 0 0 1 0 0 0 1
Euglypha laevis 1 0 0 0 1 1 1 0 0 1 0 0
Trinema enchelys 0 0 0 0 0 0 0 0 1 0 0 1
OSTRACODA 0 0 2 1 1 0 1 0 1 0 0 0
ROTIFERA 96 | 132 | 88 | 48 | 39 | 55 | 136 | 158 | 57 | 40 | 27 | 38
CLADOCERA 40 | 34 | 31 | 31 | 37 | 48 | 46 | 35 | 30 | 32 | 29 | 40
COPEPODA 55 | 60 | 108 | 197 | 119 | 46 | 30 | 40 | 48 | 58 | 121 | 96
RHIZOPODA 14 7 3 2 7 5 4 6 5 4 4 4
OSTRACODA 0 0 2 1 1 0 1 0 1 0 0 0
ZOOPLANKTON 205 | 233 | 232 | 279 | 203 | 154 | 217 | 239 | 141 | 134 | 181 | 178
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Appendix IL. Monthly variations in abundance (ind. I"") of zooplankton (Limnetic region)

Zooplankton| Months— | ] F M A M J J A S O | N| D
ROTIFERA

Ascomorpha ovalis 0 10 | 30 33 50 | 20 14 50 47 9 | 10| 45
Asplanchna priodonta 4 45 56 32 20 15 2 4 5 6 5 8
Brachionus rubens 2 0 0 1 0 0 1 1 0 0 1 0
B. quadridentatus 0 2 0 0 0 1 0 0 1 0 0 0
Collotheca ornata 1 1 2 0 0 1 0 1 3 2 0 1
Colurella obtusa 0 2 0 0 0 0 1 0 0 0 1 0
Conochilus unicornis 5 7 10 | 190 | 57 | 40 33 30 12 15 | 20| 10
Euchlanis dilatata 2 0 1 1 0 0 0 0 0 0 0 1
Keratella cochlearis 2 5 9 12 30 | 42 90 | 210 | 87 | 56 | 15| 9
Lepadella patella 1 0 9 0 1 0 0 0 1 0 0 0
Lecane bulla 2 0 1 0 0 0 1 1 0 0 0 1
L. curvicornis 0 2 0 1 1 0 1 0 0 1 1 0
L. leontina 2 0 1 0 0 0 1 0 0 0 1 1
L. luna 1 0 0 0 1 0 0 0 2 0 0 0
L. lunaris 0 0 1 2 1 0 0 1 0 1 0 0
L. stenroosi 0 1 0 0 0 1 0 0 0 0 1 0
Plationus patulus 2 1 0 0 0 0 0 0 0 1 0 0
Polyarthra vulgaris 5 8 10 8 12 | 30 10 9 8 6 |10| 8
Pompholyx sulcata 3 2 5 1 8 12 6 1 0 2 0 2
Testudinella patina 2 0 0 0 0 0 0 0 1 1 1 0
Trichocerca cylindrica 2 0 0 1 0 0 0 1 0 0 0 1
T. similis 1 0 2 3 5 8 2 6 2 1 0 1
Trichotria tetractis 1 1 0 0 0 0 1 0 0 0 1 0
CLADOCERA

Alona rectangula 2 0 1 3 1 0 1 0 1 0 0 1
Bosmina longirostris 3 2 1 1 5 6 1 2 4 2 5 3
Bosminopsis deitersi 2 5 3 6 8 15 8 12 6 3 2 2
Ceriodaphnia cornuta 2 3 0 2 3 5 0 2 3 3 0 2
Chydorus angustirostratus | 0 1 0 0 0 0 0 1 0 1 0 0
C. sphaericus 9 6 0 1 1 3 2 1 0 1 2 0
Diaphanosoma sarsi 2 0 0 0 1 0 1 0 0 0 1 0
Karualona karua 0 0 2 0 0 0 0 0 1 0 0 1
COPEPODA

Mesocyclops leuckarti 36 | 15 42 90 70 55 20 10 5 5 7 | 16
Microcyclops hyalinus 2 0 0 0 0 0 0 0 1 0 0 0
Heliodiaptomus contortus 3 2 0 0 0 1 0 2 0 0 1 1
Nauplii 10 | 18 8 32 20 | 33 29 17 5 3 8 5
OSTRACODA

Cypris sp. 1 2 0 1 0 1 1 0 0 0 0 0
RHIZOPODA

Arcella discoides 2 1 3 1 1 0 1 1 0 2 0 2
Arcella hemispherica 1 1 0 0 0 0 0 0 2 0 1 0
A. vulgaris 0 0 1 2 1 1 0 1 1 0 0 1
Centropyxis aculeata 1 0 0 0 0 0 0 0 0 1 0 0
Difflugia lebes 2 0 1 1 1 7 0 0 0 0 2 2
FEuglypha laevis 1 1 0 0 0 0 1 0 1 0 0 0
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ROTIFERA 38 | 87 | 137 | 285 | 186 | 170 | 163 | 315 | 169 | 101
CLADOCERA 20 | 17 7 13 19 | 29 13 18 15 10
COPEPODA 51 | 35 50 | 122 | 90 | &9 49 29 11 8
RHIZOPODA 7 3 5 4 3 8 2 2 4 3
OSTRACODA 1 2 0 1 0 1 1 0 0 0
ZOOPLANKTON 117 | 144 | 199 | 425 | 298 | 297 | 228 | 364 | 199 | 122 | 96




