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Abstract 
Spatial and temporal variation in planktons and water quality parameters 
were investigated in order to determine the effects of seasonal water use on 
reservoir water quality and planktons’ diversity in Kulekhani Multipurpose 
Reservoir, Nepal. This study also focuses on interactions among various water 
quality parameters with planktons and how such interactions can affect the 
second major utility, the fish farming in the reservoir. The analyses of season-
al water samples collected from three different sampling locations in the re-
servoir showed that select water quality parameters varied significantly (P < 
0.05) with sampling seasons (transparency: 30 - 250 cm, pH: 7 - 7.5, alkalinity: 
30 - 120 mg/L, DO: 6 - 11.5 mg/L, CO2: 0.1 - 1.1 mg/L) and sampling locations 
(phosphate: 0.1 - 0.25 mg/L, nitrate 0.01 - 0.19 mg/L) in the reservoir. Three 
groups of zooplankton and four classes of phytoplankton, respectively with 
eleven and twelve genera, were identified and quantified in the reservoir. 
Among them, Cyclops, Asplanchana, and Keratella were most dominant 
zooplanktons while Synedra, Melosira and Peridinum were the most domi-
nant phytoplankton in the reservoir water. The abundance of select zoop-
lanktons (Cyclops, Keratella, Polyanthra), and phytoplankton (Navicula, Me-
losira, Amphora, Chroococcus, Staurastrum, Scendesmus) showed significant 
interaction between sampling sites and sampling seasons, while the other va-
ried only with sampling seasons and/or sites. These results showed that sea-
sonal water level fluctuations, along with the variation of water quality para-
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meters, change the abundance and diversity of planktons’ in the reservoir. 
Such changes can negatively impact the fish in cage culture, affecting the live-
lihood of people extensively relying on these fish farming. 
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1. Introduction 

Kulekhani Multipurpose Reservoir is located at ~1500 m above the sea level, in 
between the latitudes 27.683N and 27.584N, and longitudes 85.305E and 85.040E 
in Kulekhani watershed area, Central Nepal (Figure 1) [1] [2]. The reservoir was 
constructed in 1981 by impounding Kulekhani River water behind a 114 m high 
dam, with a capacity of 73.3 million m3 live volume [3]. It receives water as well 
as a large amount of sediments and nutrients from 126 km2 of watershed (largely 
agricultural land with elevation between 1534 - 2621 m above the sea level) [1]. 
While the reservoir stores water throughout the year, a major fraction of the wa-
ter (~80%), sediments and nutrients are collected during the Monsoon season, 
between June and September [3] [4]. The stored water in the reservoir is primarily  

 

 
Figure 1. Sampling locations in the Kulekhani Multipurpose Reservoir, Nepal. Site A: 
upper reach of the reservoir, Site B: middle reach, and Site C: within the fish farming 
(cage culture) area near the dam. Kulekhani Multipurpose Reservoir is located at ~1500 
m above the sea level, in between the latitudes 27.683N and 27.584N, and longitudes 
85.305E and 85.040E in Central Nepal.  
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used for hydroelectric power generation during the dry months (November-April) 
in Nepal, providing a significant (~18%) amount of the electric power to the 
whole country [5]. In addition to the seasonal power generation, the reservoir 
water is also extensively used for fish farming, as a cage culture, throughout the 
year [6]. This cage fish farming is one of the major sources of economy for 
people living near the Kulekhani Reservoir, especially for a significant number of 
people among the ~500 households displaced by the construction of the reser-
voir in 1981 [7]. The daily use of reservoir water for power generation results in 
large fluctuation of the water level (between 53 - 80 m) and area of the water 
(between 65-220 ha) in the reservoir. Such daily and seasonal water uses and 
water level fluctuations depend on the hydroelectric power demand of the coun-
try, higher during high demand season (summer) and time of the day (evening) 
[4] [8].  

The Kulekhani Reservoir is a typical example of multipurpose impoundments, 
where the proper management and utilization of the reservoir water for one 
purpose without hampering the other is always challenging. Some of these man-
agement challenges are change in water quality, water volume and depth, exces-
sive nutrient and sediment loads, and reservoir eutrophication. For instances, 
the increased sediment loading has already reduced the total capacity of reser-
voir by 10 million m3 (~25% of its capacity in 30 years) [9]. These sediment 
loadings, along with decreased river inputs due to the effects of climate change 
and increase in land use for agricultural purposes, have significantly reduced the 
power generation capacity of the reservoir, and will be significantly lower in near 
future [10]. The decrease in reservoir’s storage capacity also results increase in 
fluctuation of water level during peak water use period.  

The seasonal and daily (both the long- and short-term) fluctuations in water 
supply and uses, thermal stratification, and nutrients and sediment loads from 
the agricultural activities also affect the reservoir water quality. It is well known 
that the occurrence of aquatic plant and animal species in lakes and reservoirs is 
closely related to its water chemistry [11]. Thus, any change in water quality in 
the reservoir in response to the water level fluctuations can alter the plankton 
community composition/productivity, which can ultimately affect the reservoir 
fisheries and the livelihood of the people dependent upon these cage culture. For 
instance, the change in food and habitat in Kulekhani Reservoir has already 
caused disappearances of some indigenous fish fauna that were present before 
damming [12]. Moreover, an excessive accumulation of sediments (700 
m3/km2/y) [13], associated nitrogen (48,459 kg/yr) and phosphorus (2907 kg/yr) 
since the beginning of the reservoir [14] [15] have significantly affected the re-
servoir’s depth, water quality, and flora and fauna’s diversities. Nevertheless, the 
stakeholders are mostly unaware of the potential effects of such change in water 
quality/quantity, both long and short-term, and reservoir plankton’s community 
composition on their fish farming and ultimately their major source of economy.  

Rapid increase in demands for electricity due to increase in population and 
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industries have forced the government of Nepal to extensively search for new 
sources of electricity. Such a rapidly increasing power demand [16] and lack of 
other major alternative sources of power generation (e.g., nuclear, and thermal 
power plants) has already made the government to invest more on hydroelec-
tricity. As a result, a number of hydroelectric power plants have been already 
approved/ started in Nepal, and the government is planning for more to begin in 
near future [17]. Therefore, the chances of construction of hydropower in Nepal 
are very high, which will create a large number of such constructed wetlands in 
Nepal in near future.  

Construction of a dam across the naturally flowing stream causes a fragmen-
tation of lotic water body that changes the physico-chemical parameters of the 
water, hinders fish migration, and ultimately causes adverse effects on aquatic 
ecosystem [18]. It also changes the composition of the planktons, the food for 
fishes, and the change in their composition can change the fish production and 
diversities, one of the most important natural resources of Nepal. Thus, it is im-
perative to thoroughly investigate the changes in water quality and planktons’ 
community composition in response to water uses and fluctuations in the con-
structed wetlands, including the Kulekhani Reservoir. Such studies are also very 
critical in determining how the spatial and temporal variations in water quantity 
and quality can affect the fish farming and the livelihood of the reservoir de-
pended population. However, to the best of our knowledge, a very few limno-
logic studies have been conducted in Nepal in general and more specifically in 
the Kulekhani Reservoir, during past four decades after the construction of the 
reservoir in 1981 [19] [20]. In order to fulfill this knowledge gap, the present 
study aims to investigate the present status of floating flora and fauna (plank-
tons) in the Kulekhani Reservoir, and to determine the relationship between 
zooplankton and phytoplankton in the reservoir. This study also focuses on in-
teractions among various water quality parameters with planktons (zooplankton 
and phytoplankton) and how such interactions can affect the second major util-
ity (the fish farming) of the Kulekhani Multipurpose Reservoir. 

2. Materials and Methods 
2.1. Study Area 

The Kulekhani watershed is comprised of 43.6% forest, 34% sloping agricultural 
land, 9.2% shrub, 5.7% level and valley terraces, and 7.5% other land uses [21]. 
Total population of Kulekhani Watershed was 31,562, with more than 80% of 
them depending on agriculture for their livelihood [22]. Among them, 239 
households have been involved in fish culture in 1630 cages in 2009 [10]. The 
climate of Kulekhani watershed varies from subtropical at low land to temperate 
at higher elevation [4]. The average summer temperature of Kulekhani wa-
tershed is 15˚C to 25˚C whereas the winter average temperature is 10˚C to 15˚C 
(2) It has four distinct seasons namely; pre-monsoon (March to May), monsoon 
(June to September), post monsoon (October to November) and winter (De-
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cember to February). The reservoir receives ~1400 mm of rainfall in the mon-
soon season and ~60 mm during other dry seasons, and water level in the reser-
voir varies with season and power generation [15]. 

2.2. Sampling Sites 

Water samples for the analyses of water quality parameters and planktons were 
collected from three sites, namely Site A (upper reach of the reservoir), Site B 
(middle reach), and Site C (lower reach around cage culture) in the Kulekhani 
Reservoir during eight months (February, March, May, June, July, August, Sep-
tember and October) in 2007 (Figure 1). Site A represents a natural river inflow 
environment with minimal reservoir impacts, and the water quality and plank-
ton’s community composition before and sometimes immediately after (de-
pending upon the season) the impoundment of the river water. While the Site A 
turned into a river channel during dry and high-power demand season, it was 
impounded during the high-flow low-demand seasons. Site B, approximately at 
the middle of the reservoir, was flooded/impounded throughout the sampling 
seasons and was not directly affected by the cage culture activities. Site C, near 
the dam, was also always impounded and was represents an area heavily affected 
by aquaculture activities (cage culture). 

2.3. Sample Collection and Analyses 
2.3.1. Water Quality 
Water temperature (˚C), pH, transparency (cm) and conductivity (µS/cm) were 
measured in situ. Similarly, dissolved oxygen (DO), free carbon dioxide (CO2), 
alkalinity and hardness were analyzed in the field, immediately following the 
sample collection, using standard wet titration methods explained elsewhere in 
detail [23] [24] [25]. Water samples for the analyses of nitrate, and phosphate 
were collected in 1-L acid-washed plastic bottles, transported on ice and stored 
at −4˚C until lab analysis. The samples for phosphate and nitrate were analyzed 
using the acid per sulfate digestion and the cadmium reduction method, respec-
tively [23].  

2.3.2. Zooplankton and Phytoplankton 
For the identification and estimation of zooplankton and phytoplankton, 10 L of 
surface water was collected by using plastic bucket, filtered through plankton net 
having bolt-silk no. 30, diluted by adding 20 mL deionized water and then 
transferred into the plankton tube. The samples were then preserved in formalin 
solution and brought to lab for further analyses. The quantitative analysis of the 
planktons was done with the help of a Sedgwick-Rafter Cell [26] under micro-
scope and the qualitative analysis was done under a microscope of (10 × 15) 150 
magnifications. The identification of the planktonic organisms to genus level 
was done in the lab following the standard protocol [27] [28]. Density estima-
tions (individuals/volume of water samples), ind./L for zooplanktons and 
ind./mL for phytoplankton were also conducted. 
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Shannon-Wiener diversity index (H’) [29] was used to measure the diversity 
(genera) of zooplankton and phytoplankton in all three sites over the whole 
study period. 

( )
1

log
s

i i
i

H p p
=

′ = −∑  

where pi = ni/N, N = total number of individuals on sample and ni = the number 
of individual genera in the sample, where i = genera number and S is the total 
number of genera. 

2.4. Statistical Analyses 

The Kolmogorov-Smirnov test and Levene’s test were used to check normality 
and homoscedasticity assumptions prior to analysis. Parameters with unequal 
variances were either Log10(x + 1) or square root transformed. The water quali-
ty and plankton data were then analyzed by two-way repeated measure ANO-
VAs (site [three levels], month [eight levels]) with Tukey’s 1 degree-of freedom 
test for no additivity [30] using PROC MIXED in SAS (SAS institute Inc. Cary, 
NC, USA). Tukey HSD post hoc tests were applied in the presence of significant 
main effect. One of the zooplanktons (Filina) was excluded from statistically 
analyses because of its rare presence. Multivariate statistical models, principal 
component analysis (PCA) and canonical correlation analysis (CCA), were also 
used to analyze the data. All the statistical analyses were done in JMP (SAS In-
stitute, Inc. Cary, NC) and R. Level of significance was set at α = 0.05 for all the 
tests. 

3. Results and Discussion 
3.1. Water Quality Characterization 

The surface water temperature, pH and transparency varied between 13.3˚C - 
25.5˚C, 7.3 - 9.5, and 32 - 246 cm, respectively. Similarly, DO, CO2, alkalinity, 
total hardness, nitrate, and phosphate varied between 6.3 - 11.1 mg/L, 0.01 - 1.1 
mg/L, 38 - 112 mg/L, 36 - 88 mg/L, 0.01 - 0.19 mg/L, and 0.1 - 0.26 mg/L, re-
spectively. The water quality parameters varied considerably among the sam-
pling stations in the reservoir throughout the sampling periods (Figure 2). 
However, there was no significant interaction effects (P > 0.05) of sampling pe-
riods and sampling locations (i.e. no months*sampling sites interactions effects) 
on variation in these water quality parameters, except for transparency and alka-
linity (Table S1, Figure 2). These results indicate that the variation in water 
quality parameters in the reservoir is a unique effect i.e., the effect of seasons on 
water quality parameters is not significantly different among the sampling sta-
tions and vice versa. As the interaction effects were not significant, the unique 
effects of months and sampling sites were evaluated for each water quality para-
meters (Tables S1-3). The results showed that temperature, pH, DO, and free 
CO2 varied significantly (P < 0.05) among the sampling periods, while nitrate  
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Figure 2. Spatial and temporal variation of water quality parameters at three different sampling locations in Kulekhani Reservoir, 
Nepal during the study period. The Blue circles, Red squares and Green triangles represent study sites, Site A, Site B, and Site C, 
respectively.  
 

and phosphate varied significantly among the sampling stations (Figure 2, Table 
S2, Table S3).  

Water temperature is one of the most important limnologic parameters which 
influences all the other parameters directly or indirectly. The surface water tem-
perature in the Kulekhani Reservoir followed similar pattern of air temperature 
throughout the sampling periods. It supports that the seasonal variation in sur-
face water temperature of a reservoir or lake is strongly affected by the atmos-
pheric temperature of the catchment area [9] [31]. Like the water temperature, 
DO is another critically important water quality parameter which is often used 
as a pollution indicator of an aquatic ecosystem. The surface water DO in the 
Kulekhani Reservoir was always >6.3 mg/L, which showed that the reservoir wa-
ter had sufficient oxygen levels for the survival of aquatic life, and also indicates 
the level of organic pollution in the reservoir is considerably low. The average 
DO in the reservoir water was found to be highest (11.0 ± 2.2 mg/L) in August 
and lowest (6.5 ± 0.2 mg/L) in October (Figure 2). Comparatively, higher con-
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centrations of DO in August can be attributed to higher photosynthetic activities 
at favorable temperature. In contrast, the low DO content in the surface water 
during July, and immediately after the rainy season, was probably due to the 
flooded water containing high amount of silt loaded in the catchment area of the 
reservoir [9] [20]. Similar to the DO levels, slightly alkaline reservoir water with 
pH 8.8 ± 0.5 (always >8.2, except for Site A in February, Figure 2) was found to 
be most suitable for fisheries, and for the growth and development of various 
aquatic organisms [32]. As expected, CO2 in this study was found to be relatively 
low throughout the study period, which was due primarily to relatively higher 
concentrations of DO, and low level of organic pollution in the reservoir water 
throughout the study period.  

Unlike other water quality parameters, significant months*sampling sites in-
teraction effects were observed for transparency and alkalinity (Table S1, Figure 
2). Water transparency had an average value of 0.85, 1.22 and 1.60 m in Site A, 
Site B and Site C, respectively, and was higher in February-March but dropped 
to lowest in July-September (Figure 2). The lower transparency of the reservoir 
water in June-September was primarily due to the runoffs of sediment laden rain 
water in to the reservoir, and also due to the increase in phytoplankton density 
in the reservoir. The transparency of Site C was always higher than Site A and 
Site B. The lower transparency at Site A than other sites was mainly attributed to 
its location in the upper reach of the reservoir which is largely affected by the se-
diment load carried by the feeding streams [19]. The observed spatial and tem-
poral variation in transparency can also be due to other factors including the 
growth of planktons, material derived from the shore by wave action, erosion, 
the amount of wind induced turbulence keeping material in suspension, the set-
tling of suspended particles introduced by the river inflow [19] [33]. 

The mean annual alkalinity observed in the present study (66.6 ± 18.7 mg/L) 
was within the range of “very productive” 51 - 67 mg/L [34], and high productivi-
ty > 40 mg/L [35] water bodies. Alkalinity showed seasonal variations in all sam-
pling sites, higher in February-June followed by a decrease from July-September 
(Figure 2), which is a typical trend in this region [10]. In contrast to alkalinity, 
total hardness (52.4 ± 13.3 mg/L) in the reservoir water was relatively constant 
among sampling sites, and throughout the sampling periods (Figure 2). Calcium 
hardness attributed to more than 80% of total hardness, which is similar to the 
previously reported hardness distribution in the Kulekhani Reservoir [19]. Based 
on the observed concentrations of total hardness in the reservoir water, the Ku-
lekhani Reservoir can be classified as a soft water body (i.e., with total hardness 
0.00 - 75 mg/L). Thus, the reservoir water is suitable for fisheries, with total 
hardness ≥ 15.0 mg/L [32].  

In contrast to the majority of the other water quality parameters, no signifi-
cant seasonal variations were observed in phosphate and nitrate concentrations 
in the reservoir water. However, the phosphate and nitrate concentrations were 
significantly higher at Site A than both Sites B and Site C (Figure 2, Table S3). 
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The productivity of an aquatic ecosystem largely depends on the concentration 
of these two macronutrients, phosphorus (P) and nitrogen (N). In number of 
lakes and reservoirs, the phytoplankton’s productivity is primarily limited by 
available P, thus, an increase in P concentration can result in eutrophication of 
these water bodies [36]. Traditionally, water bodies are N rich and P limited, 
thus, P is generally regarded as the major nutrient controlling primarily produc-
tivity [37]. However, N can also be either primary or co-limiting nutrient for 
phytoplankton production in some of the lakes and reservoirs [38] [39]. Unlike 
many other P limited lakes and reservoirs, the observed concentrations of phos-
phate in the Kulekhani Reservoir was much higher than the normal range (0.1 - 
0.2 mg/L) for maintaining phytoplankton’s life cycle [40]. A large amount of ni-
trate is potentially accumulated in the Kulekhani Reservoir via floodwater 
run-off, atmospheric depositions, inflow of organic matters and the bacterial 
decomposition of both allochthonous and autochthonous organic matters. Inte-
restingly, the reservoir water had relatively higher phosphate levels during the 
study period which is likely due to the preferential microbial activities as they 
change organic forms of P into inorganic soluble orthophosphate. Moreover, the 
reservoir receives water from the large catchment area and water flows through 
the settlement and heavily agricultural areas, thus, the P from the soap and other 
animals’ wastes could be main reason for such high phosphate levels in the re-
servoirs. It is also likely that the higher phosphate concentrations could be due 
to the use of agricultural fertilizers loaded with P in the watershed [41] followed 
by agricultural runoffs into the reservoir.  

3.2. Plankton Distribution 

Three groups of zooplanktons (Copepoda, Cladocera and Rotifers), with eleven 
genera and Nauplius larvae, and four classes of phytoplankton (Chrysophyta, 
Cyanophyta, Chlorophyta and Pyrrophyta) with twelve genera were identified 
and quantified in the Kulekhani Reservoir water. The list of both the zooplank-
ton and phytoplankton identified in this study are presented in supplemental 
document (Table S4).  

The average zooplankton density in the reservoir water was 494 ind./L, and 
varied from 235 in February to 743 ind./L in July (Figure 3). The group Rotifers 
(48.19%) was most the abundant zooplanktons in the reservoir, followed by Co-
pepoda (36.38%), while Cladocera had the lowest abundance (15.57%) in the re-
servoir water. Among the eleven genera of the zooplanktons, Cyclops was most 
abundant, with 25% contribution in all three sites, which was followed by As-
planchana (19.94%) and Keratella (13.17%) while Filina (0.025%) was least ab-
undant followed by Alona (0.45) (Table 1, Figure 4,). The zooplankton com-
munities showed different patterns of temporal and spatial variations during the 
whole study period, however, zooplankton’s density was generally lower in a 
downriver direction, except in October, (Table 1 and Table 2, Figure 4). 
Among all the eleven zooplanktons’ genera, Cyclops, Keratella, and Polyanthra  
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Figure 3. Distribution of zooplankton (a) and phytoplanton (b) in the Kulekhani Reser-
voir, Nepal during the study period. The Blue circles, Red squares and Green triangles 
represent study sites, Site A, Site B, and Site C, respectively. 

 
showed a significant months*sampling sites interaction effects (Figure 3). In 
contrast, seasonal variations were observed for Nauplius, Daphnia, Bosmina, 
Alona, Moina, Pompholyx, Asplachana, and Brachionus (Table 1 and Table S5). 
Similarly, a significant variation was observed among the sampling stations for 
the zooplankton Nauplius, and Daphnia, Pompholyx, Bosmina, Asplachana, 
Alona and Brachionus (Table 2 and Table S5).  

The average phytoplankton density of the reservoir water was 2014 ind./mL. 
Like the zooplanktons, the abundance of the total phytoplankton also varied sig-
nificantly among the sampling stations, Site A and Site B were significantly dif-
ferent than Site C in terms of total phytoplankton (Figure 3). The total phytop-
lankton density was significantly higher in May-August than the other sampling 
months (Figure 3). Among the four groups of the phytoplanktons, Chryssophy-
ta was found to be with highest number of genera as well as individuals com-
prising 72.29% of the total phytoplankton in the reservoir. Among the twelve  
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Figure 4. Distribution of select genera of zooplanktons and phytoplankton in the Kulekhani Reservoir, Nepal during the study 
period. These selected planktons showed statistically significantly (P < 0.05) interaction effects among the sampling periods and 
sampling sites (i.e., months*sampling sites interaction effects), on their distribution in the reservoir. The Blue circles, Red squares 
and Green triangles represent study sites, Site A, Site B, and Site C, respectively. 
 

genera of phytoplankton, Synedra (34.85%) was most dominant phytoplankton 
followed by Melosira (24.56%), and Fragilaria (0.475%) was the rarest genera 
followed by Amphora (1.09%). Similar to the zooplankton, significant interac-
tions were also observed for phytoplankton genera Navicula, Melosira, Ampho-
ra, Chroococcus, Staurastrum and Scendesmus (Table S6, Figure 4). Density of 
Synedra and Anabaena, varied among the months and study sites (Table 1, and 
Table 2), while Anabaena, Peridinium and Synedra differed significantly among 
sampling station (Table 1, and Table S6).  

Among all the three sites, Site A had the highest number of zooplanktons 
(39.3%) and phytoplankton (40.8%), followed by Site B (respectively, 34.2% and 
35.2%), and with lowest percentage in Site C (respectively, 26.5% and 24.0%). 
The higher phytoplankton’s density at Site A was likely due to large amount of  
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Table 1. Monthly distribution of zooplankton and phytoplankton (mean ± SD) in Kulekhani Reservoir, Nepal. Means in rows 
with common letters are not significantly different; P > 0.05.  

 
Feb Mar May Jun Jul Aug Sept Oct 

Zooplankton (ind./L) 

Nauplius 29(5)c 31(9)c 46(9)b 67(12)a 60(10)ab 71(30)a 73 (11)a 71(5)a 

Daphnia 34(4)e 33(11)e 80(9)ab 85(10)a 84(19)a 69(9)bc 65 (3)c 50(19)d 

Bosmina 2(2)e 11(4)b 27(4)a 4(1)de 10(1)bc 11(2)b 7 (2)cd 4(3)de 

Alona 0(0)d 2(2)c 5(2)a 4(1)a 3(1)b 2 (1)c 1 (1)cd 1(1)cd 

Moina 0(0)c 6(1)a 5(1)a 5(1)a 2(1)b 1 (1)b 0 (0)c 0 (0)c 

Pompholyx 23(8)e 51(15)a 38(7)bcd 40(18)abc 47(7)ab 29 (14)de 25(15)e 34(23)cde 

Asplachana 70(6)e 80(14)e 82(20)de 91(17)cde 108(34)bc 119 (32)ab 133(18)a 104(13)bcd 

Brachionus 0(0)e 3(4)d 7(2)c 11(2)b 14(3)a 5 (3)cd 0 (0)e 0(0)e 

Phytoplankton (ind./mL) 

Synedra 551(119)c 693(152)bc 643(198)c 1140(220)a 1019(213)a 804(240)b 414(214)d 315(169)d 

Fragilaria 0(0)e 2(2)cde 7(6)bcd 20(13)ab 34(8)a 10(9)abc 1(1)de 0(0)e 

Cymbella 80(34)a 53(59)ab 40(13)ab 70(12)a 94(65)a 39(31)ab 0(0)b 5(5)b 

Anabaena, 0(0 )c 13(11)c 60(33)bc 117(78)ab 144(47)a 116(91)ab 59(53)bc 21(37)c 

Oscillatoria 21(13)a 39(9)a 80(13)a 89(44)a 113(48) a 118(77)a 129(101)a 93(117)a 

Peridinium 167(46)a 159(70)a 226(49)a 290(50)a 328(127)a 269(87)a 253(60)a 234(39)a 

 
nutrients carried by the feeding streams, which, consequently, increase zoop-
lanktons’ food availability, increasing zooplanktons’ abundance. In contrast, the 
cage culture at Site C likely decreases the amount of food materials for zoop-
lanktons feeding on phytoplanktons, as well as the fishes feed on zoo- and phy-
toplankton reducing their numbers. Moreover, the concentration of nutrients 
was lower as we move further down in the reservoir, towards the cage culture 
area, which couples with lower abundance of both the phytoplankton and the 
zooplankton. The higher abundance of total planktons in the months of summer 
(June, July, August, and September) and the lower abundance in February and 
March (Figure 3), is mainly attributed to the temperature followed by lower 
primary production. 

Planktons’ population and their dynamic in aquatic systems are governed by 
complex interactions between biotic and abiotic factors. Among them, the physi-
co-chemical condition of a water body is the major factor controlling species diver- 
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Table 2. Eight months mean (±SD) of zooplankton and phytoplankton’s distribution in 
three different sampling locations in Kulekhani Reservoir, Nepal. Means in rows with 
common letters are not significantly different; P > 0.05. 

 Site A Site B Site C 

Zooplankton (ind./L)  

Nauplius 66(21)a 58(20)a 44(16)b 

Daphnia 73(22)a 63(24)b 53(20)c 

Bosmina 11(8)a 10(9)a 7(7)b 

Alona 3(2)a 2(2)b 2(2)b 

Pompholyx 47(11)a 39(11)b 22(12)c 

Moina 2(3)a 3(3)a 2(2)a 

Asplachana 113(27)a 102(24)a 80(21)b 

Brachionus 6(6)a 4(5)b 4(5)b 

Phytoplankton (ind./mL)   

Synedra 852 (284)a 707 (323)b 534 (274)c 

Fragilaria 281 (135)a 271 (183)a 133 (103)b 

Cymbella 90 (70)a 81 (81)a 28 (33)b 

Anabaena, 266 (51)a 279 (97)a 177 (50)b 

Oscillatoria 102 (84)a 98 (63)a 56 (43)a 

Peridinium 266 (84)a 279 (97)a 176 (50)a 

 
sity of planktons [11]. The observed variation of planktons in the Kulekhani Re-
servoir was primarily due to the variations in temperature, availability of food, 
DO and pH. For instances, temperature is a major determining factor in plank-
tons’ development and in controlling of zooplankton’s hatching, growth and fil-
tering rates. In general, zooplanktons have lower generation times, and their 
growth is delayed by low temperature compared to that of phytoplankton. The 
observed zooplanktons’ diversity in the present study couples with the average 
surface water temperature of the reservoir, with a significant correlation coeffi-
cient (R = 0.62). Similar, associations between temperature and zooplanktons 
have been previously reported in several water bodies [42] [43] [44]. In addition 
to the reservoir temperature, transparency, pH and alkalinity also showed posi-
tive correlation with the planktons’ diversity and abundance in the reservoir wa-
ter. 

While P is considered as the prime nutrient that limits primary productivity 
in lakes and reservoirs [45] [46], numerous studies have shown that the biomass 
of phytoplanktons can be nitrogen-limited [39] [47]. The relatively higher con-
centrations of phosphate than nitrate, observed in the present study, indicates 
that the plankton’s density in the reservoir was mainly the function of N. In 
general, inorganic forms of N and P were usually depleted in spring very rapidly 
and their concentrations remain at the low level till late autumn. Under such 
conditions, planktonic organisms can grow much more slowly than their maxi-
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mum growth rates, thus growth limitation can occur. This result can be sup-
ported by the low level of N in the months of February, March, May and June 
(Figure 2).  

The population of the zooplanktons and phytoplanktons did not have peak at 
the same months; zooplanktons were highest in October while phytoplanktons 
were highest in July (Figure 3). The low population of the phytoplanktons in 
September and October when there was higher population of the zooplanktons 
might be due to depletion of the nutrients, low light penetration due to low 
transparency, and grazing by zooplanktons and fishes. It is well known that den-
sity of zooplankton controls the phytoplankton’s biomass as the zooplankton 
grazing is a strong modulator of phytoplankton in lakes and reservoirs [48] [49]. 
Thus, the higher population of the zooplanktons could have reduced the popula-
tion of the phytoplanktons in September and October.  

All factors described above might be of secondary importance on planktons’ 
biomass in the reservoir, if considerable plankton standing crop is removed by 
flushing [50]. If plankton community structure is affected by such flushing and 
thus residence time of water in the reservoir, we expect that both phytoplankton 
and zooplankton biomass will decrease during periods of high water discharge 
and that plankton species with high generation time will be replaced during 
flooding periods by species with shorter generation time [51] [52]. But this effect 
seemed to be less important in the Kulekhani Reservoir, because it was made for 
hydropower generation and flushing is done from the bottom which probably 
does not affect the planktons residing on the surface.  

3.3. Shannon-Wiener Diversity Indexes 

Shannon-Wiener index values for zooplankton were highest at Site A, followed 
by Site B and then Site C during the study period, however, it remained similar 
among the sites for phytoplankton (Figure 5). Shannon-Wiener index for both 
zooplankton and phytoplankton were relatively lower earlier in the season fol-
lowed by a slight increase in May then remained similar through September 
(Figure 5). While its interpretation remained controversial in term of scale of 
pollution, the Shannon-Wiener diversity index has been used as a suitable indi-
cator for water quality [53] [54]. The Shannon-Wiener diversity index values 
measured in this study for both zooplankton (1.03 - 2.09) and phytoplankton 
(1.40 - 2.01) indicate that the Kulekhani Reservoir water as moderately polluted 
water body [55] [56]. The observed general pattern of low pollutants with de-
crease in values for the zooplankton and phytoplankton diversity as we move 
downstream form Site A to Site C is similar to previously reported trends [57]. 
However, this diversity index greatly varies from study to another study, which 
makes it very difficult to make comparison among the studies and draw a com-
mon conclusion because of environmental variabilities among the studies [58].  

3.4. Principle Component Analysis (PCA) 

Principal component analysis (PCA) was performed on correlation matrix on  
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Figure 5. Shannon-Wiener Diversity Index for Zooplankton (a) and Phytoplankton (b) 
in Kulekhani Reservoir, Nepal. The Blue circles, Red squares and Green triangles 
represent study sites, Site A, Site B, and Site C, respectively. 

 
nine environmental and biological variables and showed that the first and 
second principle components (PCs) respectively explained 34.64% and 20.52% 
of the variability in the data (Figure 6(a)). Given the foregoing component coef-
ficients, the first PC appears to be essentially a weighted difference between 
transparence, temperature, total zooplankton, total phytoplankton, pH, and 
CO2. Moreover, the second PC appears to be the sum of nitrate, CO2, alkanility, 
total hardness, phosphate, total zooplankton and total phytoplankton. It was also 
noticed that the total zooplankton and phytoplankton strongly positively corre-
lated with nitrate and phosphate, and negatively correlated with transparency 
(Figure 6(a)). Similarly, total zooplanktons were highly positively correlated 
with total phytoplanktons (Figure 6(a)). The PCA biplot for sites and samples 
distinguished the environmental and biological difference among sites and sam-
ples (Figure 6(b)). As a whole, Site A was clearly identified by being fresher and 
richer in nutrients (phosphate and nitrate), low transparency, high zooplankton  
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Figure 6. PCA biplot for environmental and biological variables (a) and PCA biplot for 
sites and samples (b) for the water quality and planktons in the Kulekhani Multipurpose 
Reservoir, Nepal. 

 
and phytoplankton density. The water quality and biological community in Site 
B differed than those in the Site A and Site C. Site B was categorized by medium 
nutrients, medium transparency, medium zooplankton and phytoplankton den-
sity, and Site C was characterized by lower nutrients, higher water transparency, 
low zooplankton and phytoplankton density. High absolute correlation values 
between PCs and the original variables, also referred as the loading of the va-
riables on PCs, are useful to identify which parameters accounted for most vari-
ation in the data set [59]. PCA results in this study indicated that physical- 
chemical factors transparence, temperature, pH, CO2, nitrate and phosphate 
played important role in overall environmental variation. As identified by PCA 
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for zooplankton community, zooplankton genera Cyclops, Daphnia, Alona, 
Brachionus, Moina, Keratella, Polyuanthra, Asplachana, and Nauplius have 
greatest contributions to the variation of the zooplankton community. Similarly, 
Synedra, Melosira, Fragilaria, Amphora, Anabaena, Peridinium, Oscillatoria and 
Scendesmus played an important role in the variation of phytoplankton com-
munity composition (Figure 6). 

3.5. Canonical Correlation Analysis (CCA)  

The canonical correlation analysis (CCA) between environmental variables and 
zooplankton showed that two pairs of significant canonical variables, with cor-
relations of 0.98 and 0.97, which explained 77.9% of the variation (Table S7). 
The CCA showed strong association of environmental variables (transparency, 
DO, temperature, and CO2) with select zooplankton genera (Cyclops, Moina, 
and Polyanthra), and Nauplius. In contrast, one pair of canonical variable be-
tween environmental variables and phytoplankton, with correlation of 0.99, ac-
counted for 77.5% of the variation. Strong positive correlations were observed 
for select environmental variables (DO and alkalinity) with select phytoplankton 
genera (Melosira, Anabaena, and Scendesmus) (Table S7). 

The significant canonical correlation between water quality and planktons, 
and between zooplankton and phytoplankton suggest that planktons’ distribu-
tion is strongly associated with reservoir water quality and other planktonic 
community in the reservoir [11]. The high correlation between the planktons 
and temperature can be described as the effect of temperature on growth and 
development of planktons. The negative correlation between transparency and 
planktons in this study indicates decrease in light penetration capacity and 
transparency with higher density of planktons in the reservoir. Moreover, a light 
limitation is expected to prevail for phytoplanktons [60]. Thus, these phytop-
lanktons can be limited either by the ability to convert excess nutrients into 
biomass or by growth rate [61] which is probably the reason for the rapid and 
irregular fluctuation of planktons in the reservoir. In addition, nitrate and 
phosphate are major limiting nutrients for the growths of phytoplankton, and 
ultimately the growth of zooplankton. The results also showed that, inorganic of 
N and P were very rapidly depleted in spring and their concentrations remain at 
low levels till until late autumn. Such variation in nutrient concentrations and 
unfavorable temperature were probably the reasons for lower planktons’ abun-
dance in February, March, and October (Table 2, Figure 3 and Figure 4).  

The population of the phytoplankton is dependent upon the population of the 
zooplankton, as zooplankton grazing was identified as a strong modulator of the 
phytoplankton yield in lakes and reservoirs [62]. The results from the present 
study showed a pattern of low or inverse correlation between phytoplankton and 
zooplankton population density. It has been previously reported that the grazing 
effect of the herbivorous zooplankton is sufficient to limit the phytoplankton 
population in time as well as in quantity. However, some studies suggest that 
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zooplankton avoid living in the area with dense phytoplankton, may be due to 
unfavorable chemical condition produced by phytoplankton populations’ i.e. ex-
clusion by phytoplankton [63]. While a strong correlation between zooplankton 
and phytoplankton was observed in this study, whether such relationship was 
due to grazing or unfavorable chemicals remains to be tested. 

4. Conclusion 

The investigation of water quality and planktons’ community composition 
showed that the Kulekhani Multipurpose Reservoir is low to moderately pol-
luted, and the water is suitable for the growth and development of aquatic or-
ganisms as well as for the fish culture. Unlike many other aquatic systems, the 
concentration of phosphate was found to be relatively higher in comparison to 
the levels of nitrate in the reservoir which suggests that the reservoir water is 
potentially nitrogen limited. The eleven genera of zooplanktons (three groups) 
and twelve genera of phytoplankton (four classes) were collected and identified 
in the reservoir water. Among the eleven genera of the zooplanktons, Cyclops 
was the most dominant with 25% contribution from all three sites which were 
followed by Asplanchana (19.94%) and Keratella (13.17%) while Filina (0.025%) 
was least abundant followed by Alona (0.45). Similarly, among the 12 genera, 
Synedra (34.85 %) was most dominant phytoplankton followed by Melosira 
(24.56%), and Fragilaria (0.475%) was the rarest genera followed by Amphora 
(1.09%). Among the three study sites, Site A was the richest site having maxi-
mum percentage of both zooplankton and phytoplanktons, followed by Site B 
and Site C at the last. During the investigation period, population density of the 
planktons varied in relation to the fluctuation of the physico-chemical parame-
ters. Zooplanktons showed positive correlation with temperature, pH, nitrate 
and phytoplankton while they showed negative correlation with transparency, 
DO, hardness and phosphate. Similarly, phytoplankton showed positive correla-
tion with temperature, pH, DO, alkalinity and nitrate but showed negative cor-
relation with transparency, hardness and orthophosphate. While a select groups 
of zooplanktons (Cyclops, Keratella, and Polyanthra), and phytoplankton (Na-
vicula, Melosira, Amphora, Chroococcus and Staurastrum) showed significantly 
interaction between sites and seasons, the abundance of other planktons varied 
either with the season or among the sampling sites. These results showed that 
seasonal water level fluctuations, along with variation of select water quality pa-
rameters, affect the abundance and distribution of planktons in the reservoir. 
Such changes can negatively impact the food for the fish in the cage culture, af-
fecting the livelihood of the people extensively relying on these fish farming.  
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Appendix A. Supplementary Data 
 
Table S1. Two-way repeated measure ANOVAs with Tukey’s 1 degree-of freedom test for nonadditivity and the effect of month 
and site on the values of water quality variables Kulekhani Multipurpose Reservoir, Nepal. 

 Month Site Month x Site 

 F P F P F P 

Temperature 31.3 <0.0001 1.71 0.217 4.11 0.064 

Transparency 0.16 0.204 5.83 0.016 6.59 0.023 

pH 8.55 0.0004 1.43 0.272 1.73 0.212 

DO 23.67 <0.0001 0.91 0.426 0.48 0.500 

CO2 2.78 0.0493 2.20 0.149 2.62 0.129 

Alkalinity 1.55 0.235 3.85 0.049 15.30 0.0018 

Total hardness 2.63 0.058 3.59 0.056 1.36 0.265 

Nitrate 1.39 0.284 7.79 0.005 0 0.980 

Phosphate 0.46 0.849 6.07 0.013 0.38 0.549 

 
Table S2. Monthly mean (SD) water quality variables in the Kulekhani Multipurpose Reservoir, Nepal. Means in rows with com-
mon letters are not significantly different; P > 0.05.  

Variables Feb Mar May Jun Jul Aug Sep Oct 

Temperature 13.90 (0.60)d 14.93 (0.85)d 20.77 (1.17)bc 24.10 (1.51)a 22.40 (0.66)ab 23.50 (1.32)a 22.46 (1.67)ab 19.50 (1.65)c 

DO 9.15 (1.00)b 9.97 (0.61)b 9.30 (0.70)b 8.05 (.28)c 7.45 (0.05)c 10.93 (0.21)a 9.57 (0.25)b 6.47 (0.21)d 

pH 7.98 (0.60)d 8.65 (0.09)bc 8.96 (0.15)ab 9.10 (0.44)ab 8.41 (0.18)cd 9.38 (0.08)a 9.10 (0.10)ab 8.38 (0.13)cd 

CO2 0.80 (0.10)a 0.45 (0.13)ab 0.18 (0.03)b 0.23 (0.15)b 0.45 (0.56)ab 0.20 (0.17)b 0.15 (0.13)b 0.47 (0.25)ab 

 
Table S3. Mean (SD) of water quality variables Nitrate and Phosphate at three sampling sites, Kulekhani Multipurpose Reservoir, 
Nepal. Means in rows with common letters are not significantly different; P > 0.05.  

Variables Site A Site B Site C 

Nitrate (mg/L) 0.13 (0.04)a 0.08 (0.05)b 0.06 (0.02)b 

Phosphate (mg/L) 0.22 (0.03)a 0.15 (0.03)b 0.18 (0.05)b 

 
Table S4. List of all the zooplankton’s and phytoplanktons identified and quantified in this study.  

Planktons Group/Class Genera 

Zooplanktons Copepoda 
Cyclops 
Nauplius 

 Cladocera 

Daphnia 
Bosmina 

Alona 
Moina 
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 Rotifers 

Keratella 

Polyanthra 

Pompholyx 

Asplanchana 

Brachionus Filina 

Phytoplankton   

 

Chryssophyta 

Navicula 

Synedra 

Melosira 

Fragilaria 

Cymbella 

Amphora 

 Cyanophyta 
Oscilatoria 

Anabaena Chroococcus 

 Chlorophyta Staurastrum Scendesmus 

 Pyrrophyta Peridinium 

 
Table S5. Two-way repeated measure ANOVAs with Tukey’s 1 degree-of freedom test for nonadditivity and the effect of month 
and site on the values of zooplankton in the Kulekhani Multipurpose Reservoir, Nepal. 

Group/Genera 
Sites Months Months × Sites 

F P F P F P 

Copepoda 0.76 0.63 0.06 0.94 4.98 0.0439 

Cyclops 0.75 0.635 0.04 0.966 5.00 0.0435 

Nauplius 12.46 <0.0001 11.71 0.001 2.52 0.137 

Cladocera 39.89 <0.0001 24.12 <0.0001 0.13 0.72 

Daphnia 18.55 <0.0001 15.03 0.0003 0.01 0.936 

Bosmina 60.95 <0.0001 11.59 0.001 3.64 0.078 

Rotifers 0.87 0.56 2.18 0.15 22.56 0.0004 

Alona 20.89 <0.0001 9.59 0.002 1.88 0.194 

Moina 164.6 <0.0001 0.30 0.746 0 0.998 

Keratella 0.86 0.564 1.55 0.249 17.43 0.001 

Polyanthra 1.59 0.224 2.56 0.116 18.64 0.0008 

Pompholyx 7.79 0.0006 34.85 <0.0001 0.01 0.942 

Asplachana 7.55 0.0007 12.63 0.0007 0.47 0.505 

Brachionus 32.28 <0.0001 5.17 0.021 3.08 0.103 

Total zooplankton 0.75 0.639 0.32 0.732 10.94 0.0057 
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Table S6. Two-way repeated measure ANOVAs with Tukey’s 1 degree-of freedom test for nonadditivity and the effect of month 
and site on the values of phytoplankton in the Kulekhani Multipurpose Reservoir, Nepal. 

Class Genera 
Sites Months Months × Sites 

F P F P F P 

Chrysophyta 34.95 <0.0001 23.11 <0.0001 3.65 0.079 

Navicula 1.79 0.206 0.87 0.557 10.29 0.0069 

Synedra 29.03 <0.0001 31.66 <0.0001 0.01 0.934 

Melosira 0.56 0.582 0.23 0.971 6.24 0.027 

Fragilaria 0.86 0.443 8.97 0.0003 0.65 0.433 

Cymbella 3.27 0.069 3.43 0.024 4.20 0.061 

Amphora 0.09 0.919 0.60 0.747 6.10 0.028 

Cyanophyta 5.99 0.013 4.81 0.0061 0.77 0.40 

Oscillatoria 1.21 0.326 1.04 0.448 0.50 0.491 

Anabaena 4.75 0.027 4.69 0.0069 4.10 0.064 

Chroococcus 0.07 0.932 1.00 0.474 8.52 0.012 

Chlorophyta 11.22 0.0012 6.57 0.0014 2.73 0.076 

Staurastrum 0.21 0.816 1.36 0.298 16.36 0.0014 

Scendesmus 0.01 0.992 0.79 0.606 8.49 0.012 

Pyrrophyta 11.05 0.0013 4.45 0.0085 1.78 0.206 

Peridinium 11.05 0.0013 4.45 0.0085 1.78 0.206 

Total phytoplankton 50.76 <0.0001 25.53 <0.0001 2.61 0.130 

 
Table S7. Results from canonical correlation analysis (CCA) between water quality parameters and planktons on three sampling 
sites in the Kulekhani Multipurpose Reservoir, Nepal. 

Canonical variate 
CC between water 

quality and zooplankton 
Canonical variate 

CC between water 
quality and 

phytoplankton 

Canonical 
variate 

CC between phytoplankton and 
zooplankton 

1 0.98a 1 0.99b 1 0.99a 

2 0.97a   2 0.98a 

    3 0.98a 

 Water 1 Water 2  Water 1  Phyto 1 Phyto 2 Phyto 3 

Transparency −0.49 0.04 Transparency 0.42 Navicula 0.04 0.40 0.32 

Temperature 0.38 1.24 Temperature −0.02 Synedra 0.62 −0.16 0.25 

pH 0.02 0.12 pH 0.01 Melosira 0.17 0.52 −0.65 

DissolvedOxygen −0.41 0.39 DissolvedOxygen 0.50 Fragilaria 0.73 −0.29 −0.85 

Carbondioxide 0.05 0.98 Carbondioxide 0.31 Cymbella −0.24 0.01 0.06 

Alkalinity 0.27 −0.21 Alkalinity 0.70 Amphora −0.18 −0.10 0.47 

Totalhardness −0.03 0.32 Totalhardness −0.20 Oscillatoria −0.25 0.40 −0.33 

Nitrate 0.26 −0.67 Nitrate −0.34 Anabaena −0.11 −0.91 0.41 

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


P. L. Adhikari et al. 
 

 

DOI: 10.4236/jep.2017.811079 1295 Journal of Environmental Protection 
 

Continued 

Phosphate −0.26 0.63 Phosphate 0.01 Chroococcus 0.02 1.26 0.23 

     Staurastrum −0.09 0.26 0.24 

     Scendesmus −0.14 0.25 0.37 

     Peridinium −0.05 −0.79 0.46 

         

 Zoo1 Zoo2  Phyto1  Zoo1 Zoo2 Zoo3 

Cyclops 0.68 −0.34 Navicula −0.41 Cyclops 1.38 −0.17 −0.75 

Nauplius 0.56 −1.14 Synedra 0.29 Nauplius −0.98 −0.44 1.25 

Daphnia −0.26 0.87 Melosira 1.14 Daphnia −0.75 0.96 0.33 

Bosmina −0.35 −0.31 Fragilaria 0.07 Bosmina −0.50 0.39 0.63 

Alona −0.07 0.80 Cymbella −0.99 Alona 0.15 −0.19 −0.68 

Moina 0.49 0.90 Amphora 0.59 Moina −0.29 0.67 0.25 

Keratella 0.17 0.09 Oscillatoria 0.04 Keratella 0.01 0.19 −1.01 

Polyanthra −0.54 1.11 Anabaena −1.02 Polyanthra 0.06 0.28 −0.28 

Pompholyx 0.10 −0.92 Chroococcus 0.65 Pompholyx 0.02 0.42 0.49 

Asplachana −0.05 0.75 Staurastrum −0.33 Asplachana 0.61 −0.56 0.52 

Brachionus 0.35 −0.44 Scendesmus −1.15 Brachionus 0.54 −0.99 0.68 

   Peridinium 0.31     

Cumulative % of 
variance explained 48.1 77.9  77.5  97.7 98.9 99.6 

aSignificant (P ≤ 0.05). bSignificant (P ≤ 0.1).  
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