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1. Introduction
Occurrence of rotifers in a pelagic zone depends on sev-
eral environmental factors (Karabin, 1985). Pelagic rotifers 
are commonly found in rivers, lakes, or ponds; they may 
show cyclomorphosis, variations in body form leading to 
seasonal or nutritional changes (Wallace and Snell, 2010). 
A few rotifers are very specialized, but most are opportu-
nistic organisms that feed on different types of foods such 
as bacteria, algae, and ciliates; some species are detritivo-
rous (Allan, 1976; Wallace et al., 2006; Wallace and Snell, 
2010). Thus, rotifers are among the most diverse groups 
in these environments that show high population densities 
and diversities, as well as high tolerances to environmental 
conditions (Bozelli, 2000; Neves et al., 2003). 

Rotifers of lake ecosystems constitute the main share of 
zooplankton. Rotifers are main players in causing changes in 
the trophic structure of water bodies (Radwan, 1973). Some 
rotifer species are also thought to be indicators of the trophic 
state of water (Paleolog et al., 1997; Sulehria et al., 2009a).

Seasonal occurrence of pelagic rotifers and their 
interaction with limnological parameters has been 
investigated from a few freshwater ecosystems in Pakistan 
(Mahar et al., 2000; Malik and Sulehria, 2003, 2004; Baloch 
et al., 2004, 2008; Sulehria et al., 2009a, 2009b; Sulehria 
and Malik, 2012).

In diversity studies, it is common to focus on selected 
taxonomic groups. The diversity of the key taxonomic 
groups expresses the diversity at ecosystem level (Margalef, 
1974). In this regard, rotifer assemblages characterize the 
diversity of the pelagic communities of lakes. 

The aims of the study were: 1) to identify dominant 
rotifer groups; 2) to analyze spatiotemporal distribution 
of rotifers within the lake; 3) to explore diversity indices 
of rotifer species; and 4) to determine the correlation 
between rotifers and limnological parameters of water.

2. Materials and methods
2.1. Sampling site
The Balloki Headworks, having a latitude of 31.22 
(31°13′10″N) and a longitude of 73.86 (73°51′35″E), is lo-
cated on the River Ravi, about 65 km from Lahore to the 
southwest near Phool Nagar on Multan Road. Camp Bal-
loki Water Park is a lake located between 2 canals (Balloki-
Sulemanki Link Canal and Lower Bari Doab Canal) about 
0.5 km away from the headworks (Sulehria and Malik, 
2012; Figure 1). 
2.2. Sampling and bioidentification
The lake in the Camp Balloki Water Park covers an area 
of about 562.81 m2 and has a maximum depth of 3 m in 
the center. Five sampling stations were selected, including 
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the eastern side (CB1), southern side (CB2), western side 
(CB3), northern side (CB4), and central area (CB5).

Rotifer samples were collected by vertical hauls from 
2 m above the maximum depth to the surface using 37-
µm mesh-size standard plankton net. Three samples 
were collected from each sampling station. Rotifers were 
kept alive for accurate identification. Rotifers were first 
narcotized with grains of magnesium to avoid body 
contractions and were then preserved in 4% formalin 
solution. Rotifers were identified according to available 
standard keys (Ward and Whipple 1959; Koste, 1978; 
Nogrady et al., 1995). A Sedgewick-Rafter chamber was 
used to count the rotifers at 40× to 100× magnification 
with a light microscope (APHA, 2005). 
2.3. Physicochemical and hydrological analysis
The hydrophysical, hydrochemical, and hydrological 
conditions of the lake were monitored simultaneously at 
each sampling station. Water and air temperature (°C), 
pH, conductivity (µS/cm), dissolved oxygen (mg/L), and 
oxygen saturation (%) were measured in the field (in situ) 
using a WTW Multi 340i. 
2.4. Diversity indices analysis
Shannon–Weaver and Simpson indices were chosen to 
quantify the biodiversity in Camp Balloki Water Park. 

The Shannon–Weaver index (H) was calculated by 
using the Shannon–Weaver equation:

H = –∑ Pi(lnPi) (Shannon and Weaver, 1949),
where Pi is the proportion of each species in the 

sample. Pi = ni/N (Omori and Ikeda, 1984), where ni is 
the number of individuals of a particular species and N is 
the total number of individuals of all species in the sample.

Simpson’s index of dominance (D) was calculated 
according to Simpson’s equation (Simpson, 1949):

D = Σ n (n – 1) / N (N – 1), 
where D = Simpson’s index of dominance; N = total 

number of individuals of all species; n = number of 
individuals of specific species per samples; and Σ = sum.

Simpson’s index of diversity (SID) and Simpson’s 
reciprocal index (SRI) were also calculated by the equations 
SID = 1 – D and SRI = 1 / D, respectively.

Species richness (SR), the number of species recorded 
from a region, was calculated by Margalef ’s formula 
(Margalef, 1951): 

SR = (S – 1) / logn N,
where S = total number of species and N = total number 

of individuals present in the sample.
Species evenness or equitability (E) was calculated 

according to Pielou’s equation (Pielou, 1966): 
E = H / Logn S,
where S is total number of species and H is the 

Shannon–Weaver diversity index.
2.5. Statistical analysis
Cluster analysis was used to notice and categorize sets 
of species and to find important physicochemical or 
environmental conditions linked with underlying trends. 
Cluster analysis (average linkage method) was performed 
on the mean densities of rotifer taxa based on the 
correlation coefficient distance calculated for 5 clusters 
showing similarity levels (Duggan et al., 2001).

Pearson’s correlation test was performed to evaluate 
the relationships between the rotifer species with 
various observed environmental parameters that might 

Figure 1. Map of study area.
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be influencing their populations. Analysis of variance 
(ANOVA) was applied to the data of rotifers obtained 
in various months in order to find the differences. 
Cluster analysis, Pearson’s correlation, and ANOVA were 
performed using the software Minitab 13 for Windows 
(Sulehria and Malik, 2012).

3. Results and discussion
3.1. Diversity patterns
In the present investigation, 38 species of rotifers belonging 
to 13 families and 20 genera have been identified (Table 
1). The family-wise relative quantitative representation 
(57.9%) of rotifers was Brachionidae > Lecanidae > 
Trichocercidae (Figure 2). The most prominent genera 
(44.73%) were Brachionus > Lecane > Trichocerca (Arora 
and Mehra, 2003; Figure 3). At Camp Balloki Water Park, 
Brachionus comprised 9 species (Table 1). Brachionus 
calyciflorus was a dominant species, with the greatest 
density during the summer season. This species is thought 
to be one of the rapidly thriving metazoans and a pioneer 
species (Ferrari et al., 1989). Brachionus quadridentata 
and B. calyciflorus are considered to be representative of 
eutrophic conditions (Gannon and Stemberger, 1978).

Species diversity exhibited monthly fluctuations that 
did not differ much, as evident from the Shannon–Weaver 
index and Simpson index. The Shannon–Weaver diversity 
index (H) in Camp Balloki Water Park ranged from 3.1464 
to 3.5196, being lowest in August and highest in January. 
This range indicated that this habitat had great diversity of 
rotifers throughout the year as this range is near the upper 
limit of the Shannon–Weaver diversity index. These results 
were supported by the Simpson dominance, diversity, 
and reciprocal indices. The Simpson index of dominance 
ranged from 0.3194 in January to 0.4859 in September, 
showing the greatest diversity in the month of January and 
the lowest in the month of September. The Simpson index 
of diversity ranged from 0.9514 in September to 0.96805 in 

January, while the Simpson reciprocal index ranged from 
20.5782 in September to 31.3043 in January, both showing 
the same results as the Simpson index of dominance. 
(Figure 4)

The value of species evenness was near 1 from January 
to December, showing an even distribution of species 
throughout the year in Camp Balloki Water Park. Species 
richness ranged from 2.5026 in August to 3.5464 in 
October. Species richness was higher from October to 
January, indicating larger food chains, and lower from 
June to September, which may be due to rain and the 
relationship of phytoplankton to hydrographic factors. Peet 
(1974) reported that species diversity causes both richness 
and evenness in the number of species and equitability for 
the distribution of individuals among the species. 
3.2. Rotifers and physicochemical physiognomies of 
water
It is obvious from the results that the diversity 
and the distribution of rotifers were influenced by 
physicochemical qualities of the water, either positively or 
negatively, throughout the period of study. Rotifer density 
was positively correlated with water temperature and 
conductivity. However, negative correlation was observed 
with pH, dissolved oxygen, and total hardness (Table 2). 
ANOVA expressed statistically significant differences in 
all physicochemical parameters of the water from January 
to December. These results conform to the findings of 
Chittapun et al. (2007).

In the present study, temperatures ranged between 
33.01 ± 0.32 °C and 13.19 ± 0.12 °C. The mean rotifer 
population density was highest during hot months (May 
to July), being highest (48.75 ± 5.83 ind/mL) in the month 
of June. The lowest mean population density of rotifers 
was found during cold months, particularly in February 
(23.75 ± 3.22 ind/mL). Rotifers are able to endure a large 
range of temperatures. A number of studies are available 
that indicate a positive relationship between rotifers and 
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Figure 2. Relative % representation of families with polynomial 
regression line and standard error bars.

Figure 3. Relative % representation of genera with linear 
regression line.
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Table 1. List of rotifers collected from Camp Balloki Water Park.

Family Asplanchnidae Family Filinidae

Asplanchna priodonta Gosse Filinia longiseta (Ehrenberg)

Family Brachionidae Filinia terminalis (Plate)

Brachionus angularis Gosse Family Hexarthridae

B. bidentata Anderson Hexarthra mira (Hudson)

B. calyciflorus Pallas Family Lecanidae

B. falcatus Zacharias Lecane bulla (Gosse)

B. havanaensis Rousselet L. elasma Harring & Myers

B. leydigii Cohn L. luna (Müller)

B. plicatilis Müller L. lunaris (Ehrenberg)

B. quadridentatus Hermann L. quadridentata (Ehrenberg)

Kellicottia longispina (Kellicott) Family Notommatidae

Keratella cochlearis (Gosse) Cephalodella gibba (Ehrenberg)

K. quadrata (Müller) Notommata copeus Ehrenberg

Notholca acuminata (Ehrenberg) Family Philodinidae

Plationus patulus (Müller) Philodina roseola Ehrenberg

Platyias quadricornis (Ehrenberg) Rotaria neptunia (Ehrenberg)

Family Colurellidae Family Synchaetidae

Lepadella ovalis (Müller) Polyarthra vulgaris Carlin

Lepadella patella (Müller) Synchaeta tremula (Müller)

Family Epiphanidae Family Testudinellidae

Epiphanes macrourus (Barrois & Daday) Testudinella patina (Hermann)

Epiphanes senta (Müller) Family Trichocercidae

Family Euchlanidae Trichocerca longiseta (Schrank)

Euchlanis dilatata Ehrenberg Trichocerca porcellus (Gosse)

Trichocerca similis (Wierzejski)
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temperature (Schöll and Kiss, 2008; Sulehria et al., 2009a, 
2009b; Sulehria and Malik, 2012; Figure 5). This association 
might possibly indicate that an increase in temperature 
increases the rate of population growth (Galkovskaya, 
1987).

The mean dissolved oxygen (DO) values of water 
ranged between 15.34 ± 0.16 mg/L in January and 
9.20 ± 0.05 mg/L in June. The DO of water expressed a 
significantly negative correlation with the density and 
diversity of the majority of rotifer genera (Figure 6). These 
results agreed with the studies of Saler and Şen (2002) and 
Sulehria and Malik (2012). However, these findings were 

entirely different from those of certain earlier surveys 
carried out in the River Ravi, Jallo Lake, and certain fish 
ponds (Pakistan) (Malik and Sulehria, 2003, 2004; Sulehria 
et al., 2009a, 2009b), where rotifers and DO had a positive 
correlation. 

The highest mean pH (8.75 ± 0.05) was observed 
during the month of December while the lowest mean pH 
(7.24 ± 0.02) was found during the month of May. The best 
pH range for rotifers is 6.5 to 8.5 (Neschuk et al., 2002). 
The pH was negatively correlated to the population density 
and diversity of rotifers. Similar results were also obtained 
in certain previous studies such as those of Sulehria et al. 

Table 2. Correlations (Pearson) of rotifers with physicochemical parameters of water in 
Camp Balloki Water Park. 

Rotifers WT pH DO OS C T.H

WT 0.732

0.007

pH -0.830 -0.910

0.001 0.000

DO -0.652 -0.952 0.782

0.022 0.000  0.003

OS -0.557 -0.674 0.480 0.818

0.060 0.016 0.114 0.001

C 0.858 0.713 -0.864 -0.570 -0.309

0.000 0.009 0.000 0.053 0.328

TH -0.917 -0.793 0.908 0.640 0.337 -0.893

0.000 0.002 0.000 0.025 0.285 0.000

Cell contents: Pearson correlation, P-value.
WT = water temperature, DO = dissolved oxygen, OS = oxygen saturation, WF = water 
flow, C = conductivity, TH = total hardness.
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(2009a) and Sulehria and Malik (2012), but they differed 
from the findings of Sulehria et al. (2009b). According 
to Tanner et al. (2005), a pH range between 6.0 and 8.5 
shows medium productivity, greater than 8.5 shows high 
productivity, and lower than 6.0 shows low productivity 
of a water body. 

The highest mean value of conductivity (570.50 ± 
7.68 µS/cm) was observed in the month of May and the 
lowest mean value (390.75 ± 5.85 µS/cm) in December. 
Conductivity is thought to be a vital sign of trophic 
conditions. Conductivity was highest in summer, which 
might be because of high temperature, lower solubility, 
and high degradation of organic substances. Conductivity 
showed a positive correlation with rotifer density and 
diversity. Similar conclusions have also been obtained in 
certain other studies in Pakistan (Sulehria et al., 2009a, 
2009b; Sulehria and Malik, 2012), while these results were 
different from results from other studies, like those of 
Malik and Sulehria (2003, 2004).

The mean total hardness values of water ranged between 
117.65 ± 0.61 mg/L and 88.17 ± 0.72 mg/L in December 
and June, respectively. Total hardness was the highest 
in winter months and lowest in summer months. It had 
negative correlation with density and diversity of rotifers. 
However, survival of many rotifer species exhibited that 
either they were not influenced by different chemicals such 
as Ca+2 and Mg+2 (Tamas and Horvarth, 1978) or they had 
an extensive range of tolerance and the lake is eutrophic 
(Gannon and Stemberger, 1978). Eutrophication caused 
genera like Lecane, Epiphanes, Lepadella, Notholca, 
Synchaeta, and Testudinella to flourish. 

These results signify that the population density 
and diversity of rotifers were strongly affected by the 
physicochemical parameters of the water body (Ruttner-
Kollisko, 1972). Since rotifers are opportunistic organisms, 
their populations alter with respect to environmental 
changes (Allan, 1976).
3.3. Cluster analysis
Hierarchical cluster analysis of variables showed that 
temporal differences were present in the rotifer community, 
which may be seasonal in nature. Eleven clusters were 
formed at a 99.27% similarity level. Five clusters were 
available at 94.21% similarity level. Among the 5 clusters, 
cluster 1 consists of January only; cluster 2 consists of 
February, March, and April; cluster 3 comprises May, 
June, July, August, September, and October; and cluster 4 
consists of November and cluster 5 of December only. All 
were merged into a single cluster at 73.79% similarity level, 
having a distance level of 0.524 (Figure 7).
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References

Allan, J.D. 1976. Life history patterns in zooplankton. Am. Nat. 110: 
165–180.

APHA. 2005. Standard Methods for the Examination of Water and 
Wastewater. 21st ed. American Public Health Association, 
Washington, DC. 

Arora, J. and Mehra, N.K. 2003. Species diversity of planktonic and 
epiphytic rotifers in the backwaters of the Delhi segment of the 
Yamuna River, with remarks on new records from India. Zool. 
Stud. 42(2): 239–247.

Baloch, W.A., Soomro, A.N. and Buledi, G.H. 2008. Zooplankton, 
especially Rotifer and Cladoceran Communities of the spring 
and rainwater streams (Nai) in Kirthar range, Sindh, Pakistan. 
Sindh Univ. Res. J. (Science Series): 40(1): 17–22.

Baloch, W.A., Soomro, A.N. and Jafri, S.I.H. 2004. Zooplankton 
of highly saline water, near Hyderabad. Sindh Univ. Res. J. 
(Science Series) 36: 25–28.

Bozelli, R.L. 2000. Zooplâncton. In: Lago Batata: impactoe 
recuperação de um ecossistema amazônico (Eds., R.L Bozelli, 
F.A. Esteves, and F. Roland). IB-UFRJ; SBL, Rio de Janeiro, pp. 
119–138 (in Portuguese).

Chittapun, S., Pholpunthin, P. and Segers, H. 2007. Diversity of 
rotifer fauna from five coastal peat swamps on Phuket Island, 
Southern Thailand. SouthAsia 33: 383–387.

Duggan, I.C., Green, J.D. and Shiel, R.J. 2001. Distribution of rotifers 
in North Island, New Zealand, and their potential use as 
bioindicators of lake trophic state. Hydrobiologia 446/447: 
155–164.

Ferrari, I., Farabegoli, A. and Mazzoni, R. 1989. Abundance and 
diversity of planktonic rotifers in the Po River. Hydrobiologia 
186/187: 201–208.

Galkovskaya, G.A. 1987. Planktonic rotifers and temperature. 
Hydrobiologia 147: 307–317.

Gannon, J.E. and Stemberger, R.S. 1978. Zooplankton (especially 
crustaceans and rotifers) as indicator of water quality. Trans. 
Am. Micros. Soc. 97(1): 16–35.

Karabin, A. 1985. Pelagic zooplankton (Rotatoria + Crustacea) 
variation in the process of lake eutrophication. I. Structural 
and quantitative features. Ekol. Pol. 33: 567–616.



705

SULEHRIA and MALIK / Turk J Zool

Koste, W. 1978. Rotatoria. Die Rädertiere Mitteleuropas, begründet 
von Max Voigt. Überordnung Monogononta. Gebrüder 
Borntraeger, Berlin, Stuttgart (in German).

Mahar, M.A., Baloch, W.A. and Jafri, S.I.H. 2000. Diversity and 
seasonal occurrence of planktonic rotifers in Manchar Lake, 
Sindh, Pakistan. Pakistan J. Fish. 1(1): 25–32.

Malik, M.A. and Sulehria, A.Q.K. 2003. Seasonal variation, density, 
and diversity of planktonic rotifers in Jallo Lake. Biologia 
(Pakistan) 49 (1 & 2): 77–88.

Malik, M.A. and Sulehria, A.Q.K. 2004. Seasonal variation, density, 
and diversity of planktonic rotifers in the River Ravi. Biologia 
(Pakistan) 50(1): 5–17.

Margalef, R. 1951. Diversidad de especies en las comunidales 
naturales. Publ. Inst. Biol. Apl. 9: 5–27 (in Spanish).

Margalef, R. 1974. Ecología. Ediciones Omega S.A, Barcelona (in 
Spanish). 

Neschuk, N., Claps, M. and Gabellone, N. 2002. Planktonic rotifers 
of a saline-lowland river: the Salado River (Argentina). Ann. 
Limnol. Int. J. Limnol. 38(3): 191–198.

Neves, I.F., Rocha, O., Roche, K.F., and Pinto, A.A. 2003. Zooplankton 
community structure of two marginal lakes of the River Cuiabá 
(Mato Grosso, Brazil) with analysis of Rotifera and Cladocera 
diversity. Braz. J. Biol. 63(2): 329–343.

Nogrady, T., Pourriot, R. and Segers, H. 1995. Rotifera 3. The 
Notommatidae and the Scaridiidae. In: Guides to the 
Identification of the Microinvertebrates of the Continental 
Waters of the World 8 (Eds., H.J.F Dumont and T. Nogrady). 
SPB Academic Publishing, The Hague.

Omori, M. and Ikeda, T. 1984. Methods in Marine Zooplankton 
Ecology. Wiley-Interscience, New York.

Paleolog, A., Radwan, S., Kowalik, W., Kowalczyk, C., Stryjecki, R. 
and Zwolski, W. 1997. Water invertebrates of Lasy Janowskie 
landscape park. In: Natural Environment of Lasy Janowskie 
Landscape Park (Ed. S. Radwan). UMCS Press, Lublin, pp. 
83–227 (in Polish).

Peet, R.K. 1974. The measurement of species diversity. Ann. Rev. 
Ecol. Syst. 5: 285–307.

Pielou, E.C. 1966. The measurement of diversity in different types of 
biological collections. J. Theoret. Biol. 13: 131–144.

Radwan, S. 1973. Pelagic rotifers of the lakes on Łęczyńsko-
Włodawskie Lakeland. Faunistic and ecological study. AR, Ser. 
Rozpr. Hab. 8: 1–57 (in Polish).

Ruttner-Kollisko, A. 1972. III. Rotatoria. Das zooplankton der 
Binnengewässer. Die Binnengewässer 26: 99–234 (in German).

Saler, S. and Şen, D. 2002. Seasonal variation of Rotifera fauna of 
Cip Dam Lake (Elazığ-Turkey). Pakistan J. Biol. Sci. 5(11): 
1274–1276.

Schöll, K. and Kiss, A. 2008. Spatial and temporal distribution 
patterns of zooplankton assemblages (Rotifera, Cladocera, 
Copepoda) in the water bodies of the Gemenc floodplain 
(Duna-Dráva National Park, Hungary). Opusc. Zool. Budapest 
39: 65–76.

Shannon, C.E. and Weaver, W. 1949. The Mathematical Theory of 
Communication. University of Illinois Press, Urbana, IL, USA. 

Simpson, E.H. 1949. Measurement of diversity. Nature 163: 688. 

Sulehria, A.Q.K. and Malik, M.A. 2012. Population dynamics of 
planktonic rotifers in Balloki Headworks. Pakistan J. Zool. 
44(3): 663–669.

Sulehria, A.Q.K., Qamar, M.F., Anjum, R.F., Ejaz, M. and Hussain, 
A. 2009a. Seasonal fluctuations of Rotifers in a fish pond at 
District Bahawalnagar, Pakistan. Biologia (Pakistan) 55(1 & 2): 
21–28.

Sulehria, A.Q.K., Qamar, M.F., Haider. S., Ejaz, M. and Hussain, 
A. 2009b. Water quality and rotifer diversity in the fish pond 
at District Mianwali, Pakistan. Biologia (Pakistan) 55(1& 2): 
79–85.

Tamas, G. and Horvarth, L. 1978. Growth of cyprinids under optimal 
zooplankton conditions. Bamidgeh 28(3): 50–56.

Tanner, C.C., Craggs, R.J., Sukias, J.P.S. and Park, J.B.K. 2005. 
Comparison of maturation ponds and constructed wetlands as 
the final stage of an advanced pond system. Water. Sci. Technol. 
51(12): 307–314.

Wallace, R.L. and Snell, T.W. 2010. Rotifera. In: Ecology and 
Classification of North American Freshwater Invertebrates 
(Eds., J.H. Thorp and A.P. Covich). Elsevier, Amsterdam, pp. 
173–235.

Wallace, R.L., Snell, T.W., Ricci, C. and Nogrady, T. 2006. Rotifera: 
Volume 1. Biology, Ecology, and Systematics (2nd ed.). 
Guides to the Identification of the Microinvertebrates of the 
Continental Waters of the World 23 (Ed. H. Segers). Kenobi 
Productions, Ghent and Backhuys Publishers, Leiden.

Ward, H.B. and Whipple, G.C. 1959. Freshwater Biology. John Wiley 
and Sons, Inc., New York.


