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Abstract

Research work was designed to investigate the density and diversity of pelagic rotifers in a Lake near Marala
Headworks. The physico-chemical parameters of water such as pH, dissolved oxygen, temperature, electrical
conductivity, transparency and turbidity were evaluated. Correlation between rotifers and these parameters was
also studied. Plankton sampling was done on monthly basis in order to check the population density of rotifers.
In total, 18 species of rotifers were identified which belonged to 11 genera. The highest number of rotifers and
their diversity was shown by genera namely Brachionus, Keratella, and Filinia. The Brachionus calyciflorus was
dominant species in all the samples with mean population density (41%). Analysis of variance of physico-chemical
parameters presented that the air and water temperature, electrical conductivity, transparency, dissolved oxygen
and oxygen saturation were statistically significant in all the months. While pH was statistically non-significant
(p20.05. Pearson correlation showed that oxygen and transparency were negatively correlated with rotifers density
and diversity. Air and water temperature, concentration of hydrogen ions (pH), electrical conductivity and salinity
showed positive relationship with density and diversity of rotifers.
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Resumo

O trabalho de pesquisa foi projetado para investigar a densidade e diversidade de rotiferos pelagicos em um lago
perto de Marala Headworks. Foram avaliados os parametros fisico-quimicos da agua como pH, oxigénio dissolvido,
temperatura, condutividade elétrica, transparéncia e turbidez. A correlacdo entre rotiferos e esses parametros
também foi estudada. A amostragem do plancton foi realizada mensalmente para verificar a densidade populacional
dos rotiferos. No total, foram identificadas 18 espécies de rotiferos pertencentes a 11 géneros. O maior nimero de
rotiferos e sua diversidade foi demonstrado pelos géneros Brachionus, Keratella e Filinia. O Brachionus calyciflorus
foi a espécie dominante em todas as amostras, com densidade populacional média (41%). A andlise de variancia
dos parametros fisico-quimicos mostrou que a temperatura do ar e da 4gua, condutividade elétrica, transparéncia,
oxigénio dissolvido e satura¢do de oxigénio foram estatisticamente significantes em todos os meses. Enquanto o pH
foi estatisticamente ndo significativo (p>0,05), a correlacdo de Pearson mostrou que o oxigénio e a transparéncia
foram negativamente correlacionados com a densidade e diversidade dos rotiferos. A temperatura do ar e da agua,
a concentragdo de ions de hidrogénio (pH), a condutividade elétrica e a salinidade mostraram rela¢do positiva
com a densidade e diversidade de rotiferos.

Palavras-chave: rotiferos pelagicos, biodiversidade, Marala Headworks, rio Chenab, parametros fisico-quimicos.

1. Introduction

Rotifera is a phylum of freshwater microscopic metazoans.
The word “rotifer” procured from a Latin word meaning
“wheel-bearer”, because of ciliated corona around the mouth,
rotifers show wheel like motion. Rotifers are triploblastic,
pseudocoelomate and eutelic. Their size varies from 200 to
500 pm. Rotifers are distinctly important group of littoral

and limnetic micro-invertebrate (Wallace and Snell, 2010),
with almost 95% of the familiar rotifer species are present
in freshwater which are brought to be their native habitat.
Rotifers adjust themselves to different types of environmental
conditions and planktonic forms are usual in surface water
(Pejler, 1995; Wallace and Snell, 2010) with a high density
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and population diversity, with enormous capacity to tolerate
environmental conditions (Neves et al., 2003).

Their density may occur up to 1000 organisms per
liter and are prime filter feeders on bacteria and algae
(Wallace et al., 2006). Rotifers play an important part
in freshwater ecosystem. Rotifers are opportunistic
and pervasive organism, occuring almost in all types of
freshwater habitats. Some parasitic species are also found.
The phylum rotifera consist of three classes, 120 genera
and 2150 species (Barnes et al., 2001). The three classes
are Seisonidae, Bdelloidea and Monogononta. The class
Seisonidae contains only 3 species, there are 461 species
of class Bedelloidea and only one species among these
is marine. Monogononta have 1,570 species in which
1,488 species are free living and freshwater taxa (Segers,
2008). Exact figure of this group may be higher, considering
the prevalence of cryptic phylogeny in Monogononta
alongwith contradictory type of taxonomic information.

Water quality and biological characteristics are linked with
diversity and density of living organisms (Dhanasekaran et al.,
2017). Variety of organisms can give a clear sign of human
interruption in a natural ecosystem (Chughtai et al., 2011).
They transfer the energy from producers like algae and
bacteria to consumers like small fish, insects and crustacean
(Baloch et al., 2005). Rotifers are a rich source of lipids,
minerals and proteins. Instead of fishmeal, they can be
used as a cheap source of food for cultured fish (Fernando,
1994, Kibria et al., 1997). Under favorable conditions like
photoperiod, availability of suitable temperature and food, the
life cycle of rotifers is very short. Temperature and abundance
of food are related to the rate of reproduction and survival of
rotifers. In 1702, Leeuwenhoek observed that rotifers have
capability to tolerate desiccation for many months. Rotifers
undergo a period of dormancy without water. This state is
called cryptobiosis. Rotifers are found in three forms mictic
female, amictic female and male. They reproduce sexually
however parthenogenesis do occur (Glime, 2013).

Rotifers are abundant in lake having ample food
resources. Certain important factors such as food
resources, competitors, predators and physico-chemical
parameters have great effect on the succession of rotifers
(Sugumaran and Amsath, 2015). Environmental factors,
e.g., pH and temperature also affect rotifer community.
Since various factors shape up rotifer population in a lake,
so it is necessary to include diverse factors into research
at one time by making a comparison of their contribution
in formation of rotifer community. Many water bodies
such as river, lake, flood plains etc. have been studied
for rotifer diversity. In standing fresh waters, there is
slow water exchange. Therefore, these are particularly
sensitive to inputs like pollutants, toxins, nutrients and
fertilizers. Effects of pollution and human interference
on water reservoirs have reported serious concerns.
Little information exists about rotifer fauna of Pakistan.
Therefore the objectives of current study were to (i) check
the physico-chemical parameters of the lake, (ii) collect
rotifers from Marala Headworks (Pakistan) (iii) identify
and determine the seasonal variation in rotifer density
with respect to physicochemical nature of lake water.
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2. Material and Methods

2.1. Research area

Marala is a hydro-engineering project and its important
role to control the flood and flow of water in the River
Chenab. The Marala Headworks is situated at the River
Chenab near Sialkot city, Punjab, Pakistan. The river Chenab
is 1,086 km long with latitude 32.6733 °N, 74.4636 °E.
It starts from Kulu and Kangra Districts of Himachal
Pradesh in India. It take its way to occupied Jammu &
Kashmir. After passing PirPanjal Mountains, it arrives in
the Sialkot District of Pakistan. The Marala Headworks
was built in 1968 across the river.

2.2. Sites selection and time period

The lake which was selected for sampling is 900 m
long in North-East side and 125 m wide in South-West
side. It was divided into four sampling sites. Each site
was 125 m apart. These sites were named as MS1, MS2,
MS3, and MS4. The total length of the sampling site was
500 m. Each site was further divided into three sub-sites
named as A, Band C (Figure 1). Water sampling was done
from September to August by checking monthly variations
with the purpose to check the existing condition of water.
Sampling was done between 11 A.M. to 2 P.M, mostly in
the 2" but sometimes in the 3 week of each month.

2.3. Measurement of physico-chemical parameters

Water physicochemical parameters such as dissolved
oxygen, concentration of hydrogen ions (pH), temperature,
oxygen saturation, salinity, transparency and electrical
conductivity of water were measured.

2.4. Sampling of pelagic rotifers

Sampling was done with the help of zooplankton net
from water following procedures by Koste (1978) and
Sulehria and Malik (2012). The mesh size of the net was
37 pm and about 599.12 m? capacity by volume. The length
of zooplankton net was 85cm and its base had a diameter
of 30cm. The sampling was done by towing the net
horizontally so that approximately, 40 litres of water had
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Figure 1. Map of Research area.
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passed through it. The water samples were preserved in
50 ml plastic bottles having 5% buffered formalin. In order
to study live organisms, some planktonic samples were
kept without formalin.

2.5. Identification of rotifers

Samples of preserved rotifers were examined and
identified by using OLYMPUS compound microscope
method following Segers (2007). Vital stain i.e., 1% neutral
red were used to stain the live specimens to study their
internal features. Rotifers were identified up to species
level on the basis of their morphological characteristics.
The rotifers images were taken with the help microscope
having 5.0 megapixel camera.

2.6. Counting of rotifers

Rotifers were counted with the help of Sedgewick-Rafter
chamber by using an OLYMPUS microscope. In short,
Sedgewick- Rafter chamber was filled with sample by
using a pipette. It was covered with cover slip carefully to
avoid air bubble. After 2 to 4 minutes, the sample settled
and counting was started. The rotifers density was checked
by applying the Formula 1:

Number [ ml=Cx1000 mm/ Lx DxW x§ (1)

where, C = Counted specimens, L = Strip length, D = Depth
of the strip, W = Strip width in mm, S = Number of counted
strips, V1 = (50) (1) (W) = mm?°.

2.7. Statistical survey

All experiments were performed in triplicate. Pearson’s
correlation was used to determine the relationship
between rotifer species and physico-chemical parameters.
Dendrogram was plotted for comparative study of major
rotifers species. Relative abundance of species in different
months was noted by drawing species abundance curve.
Analysis of variance (ANOVA) was used to determine the
level of significance at p <0.05. Means and standard error
were calculated using Microsoft Excel 2019.

3. Results

3.1. Cluster analysis (Dendrogram)

Dendrogram (cluster analysis) showed 7 major clusters
of 18 rotifers species at eucladian distance 3. Cluster 1 was
represented by one species Brachionus calyciflorus, cluster
2 consisted of Keratella valga, Epiphanes branchionus,
B. angularis, cluster 3 was composed of Philodina roseola,
B. quadridentatus, Euclanis dilatata, B. falcatus, cluster
4 had Polyarthra vulgaris, Lecane lunaris, K. cochlearis,
Filinia longiseta, cluster 5 comprised of Asplanchna priodonta,
Filinia minuta, Keratella quadrata, Trichocerca longiseta,
cluster 6 consisted of one species Lecane quadridentata,
cluster 7 have also one species i.e. Trochosphaera solstitialis.
Ateucladian distance 22, all these clusters aggregated into
single cluster (Figure 2).
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Figure 2. Dendrogram of rotifer species.

3.1. Physico-chemical parameters

The relationship between rotifer species and physico-
chemical parameters as determined by Pearson’s correlation
is shown in Table 1. The highest air temperature was observed
inJune (38 £0.06 °C) and lowest in February (22 +0.07 °C).
The water temperature was high in April (32 +0.33 °C) and
low in February (15 £ 0.75 °C). Dissolved oxygen (mg/l) was
observed to be high in December (11 £ 0.04 mg/l) and low in
July (6 £0.02 mg/1). Conductivity (us/cm) was found high in
October (329 £ 1.69 ps/cm). Oxygen saturation (mgL) ' was
high in September (1.8 + 0.23 mgL') and low in April (1.1 +
0.37 mgL"). pH value observed in all months, ranged from
6.5 to 7. The value of transparency was observed in all
months from September to August and was ranged from
0.2 to 1 inch (Table 2).

3.2. Analysis of variance (ANOVA)

ANOVA values (F=49.32, P=0.000) for water temperatures,
(F=75.87,P=0.000) for air temperature, (F=6.25, P=0.000)
for dissolved oxygen, (F=0.66, P=0.762) for pH, (F=5.00,
P=0.000) for oxygen saturation, (F=220, P=0.000) for
electrical conductivity and (F = 20.73, P = 0.000) for
transparency showed statistically significant difference
among different rotifer species in different months
(September-August). However no such variations were
observed when aforementioned parameters were compared
among species at different sites (Data not shown).

3.3. Population dynamics of rotifers

18 rotifer species belonging to 11 genera were identified
in this study. Relative representation of rotifer species and
genera is shown in Figures 3 and 4. Rotifer density was high
inJune (39.21ind/ml) and low in February (10.37 ind/ml).
The comparative (%) presentation of rotifers species
and their mean population density was in sequence of
B. calyciflorus (8.86%) >B. angularis (8.1%) >Keratella valga
(7.62%) >Epiphanes branchious (7.56%) >B. quadridentatus
(6.81% (Figure 3). The comparative (%) representation
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Table 1. Correlations (Pearson) between rotifers and physico-chemical parameters.

Rotifers DO AT WT EC 0s SA pH
DO -0.7590.004
AT 0.752 -0.780
0.005 0.003
WT 0.629 -0.715 0.943
0.028 0.009 0.000
EC 0.088 -0.155 0.269 0.315
0.785 0.630 0.397 0.318
0s 0.235 0.012 0.162 0.099 0.245
0.462 0.969 0.614 0.760 0.443
SA 0.380 -0.674 0.483 0.540 0.379 -0.129
0.223 0.016 0.112 0.070 0.224 0.689
pH 0.131 -0.167 0.378 0.523 -0.192 -0.114 0.155
0.686 0.605 0.226 0.081 0.550 0.724 0.632
TR -0.782 0.680 -0.381 -0.262 0.141 0.191 0.433 0.048
0.003 0.015 0.222 0.410 0.663 0.551 0.160 0.883

Pearson correlation P-Value. DO = Dissolved Oxygen; AT = Atmospheric Temperature; WT = Water Temperature; EC = Electrical Conductivity;
0S = Oxygen Saturation; SA = Salinity; pH = Concentration of Hydrogen ions; TR = Transparency.
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of rotifer genera showed that dominant genera were
in sequence of Brachionus (30.14%) >Keratella (17.17%)
>Filinia (10.32% (Figure 4). In september, the dominant
genus with mean percentage (29.26%) was Brachionus.
In October, the dominant genus with mean percentage
(30.95%) was Brachionus. Keratella was dominant in
December (24.17%), Brachionus was dominant in January
with mean percentage of 19.31%, Brachionus was dominant
from February to August with mean percentage (26.08%,
29.9%,28.4%,34.68%, 37.12%, 28.75%, 30.25%, respectively
(Data not shown).

3.4. Species abundance curve

Abundance curve of species was plotted between the
months and the species of rotifers found in each month.
The species abundance curve showed that the B. calyciflorus
was found at the peak with abundance (41%). It showed its
maximum abundance throughout the year. The T. solititialis
was found at the end of the curve with least abundance
(2.25%) in the whole year. The remaining species abundance
lied between these two above mentioned values (Figure 5).

3.5. Impact of physico-chemical parameters on rotifers
diversity and density

It was observed that air, water temperature, conductivity,
oxygen saturation, salinity, and pH showed positive
correlation with rotifers density and diversity. On the
other hand, the dissolved oxygen and transparency were
negatively correlated with rotifers (Figure 6).

4. Discussion

In the present research analysis, it was observed that
population dynamics of rotifers was strongly correlated with
physico-chemical parameters of the lake either in positive
or negative way. This indicated that environmental factors
had great impact on rotifers population (Zarfdjian, et al.,
2000; Chittapun et al., 2007). Rotifers have great ability
to adjust themselves in the changing environment (Allan,
1976). Air and water temperature have great influence on
the rotifer’s population. Air temperature of the lake near
Marala Headworks varied from 20 °C to 38 °C and water
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Figure 5. Abundance curve of Rotifer species.
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temperature from 15 °C to 32 °C throughout the year.
Positive correlation between temperature and population
dynamics of rotifers was recorded in this study and correlate
with findings by Scholl and Kiss (2008), Sulehria et al.
(20093, b) and Sulehria and Malik (2012).

Oxygen also had great impact on the rotifer’s abundance
in water. The oxygen concentration varied from 6mg/L
to 11mg/L throughout the year. It was observed that
the dissolved oxygen concentration was high in winter
while low in summer. Dissolved oxygen showed negative
correlation with rotifers population. Similar findings were
presented by Sulehria and Malik (2012). Though, findings
were entirely contradictory with the studies observed in
the River Ravi (Lahore) by Sulehria et al. (2009a) & 2009b)
where rotifers showed positive relation with dissolved
oxygen. It was observed that the oxygen saturation was
less in winter and more in summer, while varied from
1.1mg/L to 1.8mg/L throughout the year. Oxygen saturation
had positive correlation with the rotifers population.
Our findings are in agreement with the result of Javed
and Hayat (1996); and Baloch et al. (2008).

The pH value interfered with rotifer population and
showed great impact on the density of rotifers. The suitable
pH of rotifers varied from 6.5 to 8.5 (Barnes, 1974; Berzins
and Pejler, 1987; Neschuk et al., 2002). The current research
had a value ranged from 6.5 to 7. pH showed positive effect
on the rotifer’s population. Similar findings were presented
by Amsha Devi AND Suresh Kumar (2014), Sulehria et al.
(2009a) and Sulehria and Malik (2012). Our findings was
contradictory to the past study by Sulehria et al. (2009b).
Transparency also showed negative correlation with
rotifers population. Koli and Muley (2012) also reported
similar data. Salinity had also effect on rotifers abundance.
It was observed that salinity was more in summer and
less in winter ranged and showed positive correlation
with rotifers population

Rotifers are considered as opportunistic and most
abundant organisms among the major zooplankton
groups (Allan, 1976). The pelagic rotifers showed response
very rapidly to the environmental fluctuation than other
zooplankton (Gannon and Stemberger, 1978). In present
research analysis, 18 species of rotifers belongings to
11 genera were observed from four different sites. The most
abundant genera were Brachionus>Keratella>Filinia.
The relative (%) presentation of rotifers species and their
mean population density was in sequence B. calyciflorus
(41%) >B. angularis (37.5%) >Keratella valga (35.2%). Out of
18 species of rotifers, 4 species of genus Brachionus were
present. Brachionus genus is considered as eutrophic and
usually appears at higher status of eutrophication. Majority
of the Brachionus species including B. angularis and B.
calyciflorus were present in eutrophic condition. Presence
of B. calyciflorus and B. quadridentatus is an indication of
eutrophic state of the water body.

Brachionus calyciflorus was most prevalent species and
its abundance was high during the summer season. There
was an increase in composition and abundance of rotifers
with temperature increase of the lake. Similar findings have
also been observed in another study pond near Gujranwala.
Though, this result was contradictory to other studies of
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Figure 6. Correlation between physico-chemical parameters and

water bodies around Aurangabad region (India) where
species richness of rotifers was lowest in June.

5. Conclusion

From the current study, it is concluded that rotifers are
important representatives of the structure and function of
freshwater bodies such as lake and ecology. Rotifers may
be considered as one of the rapidly flourishing metazoans
and pioneer species. Density and diversity of rotifer species
increases with the increase in food, temperature and
pollution. This study also indicated relative abundance
of B. calyciflorus, a representative of eutrophic conditions.
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