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ABSTRACT

The phsico-chemical parameters and zooplankton abundance 
were analyzed monthly in Lal Diggi pond at Aligarh, India during the 
period from October, 2010 to August, 2011. High variations of 
zooplankton and water quality were observed in the pond. Thirty nine
species were identified belonging to Copepoda (3 species), Rotifera (27 
species), Cladocera (6 species) and Protozoa (3 species). Copepoda formed 
the highest percentage of zooplankton (66.65 %), followed by Cladocera 
(14.93 %), Rotifera (9.61 %) and Ostracoda (8.61 %), while Nematoda and 
Protozoa formed the lowest dominant groups being 0.15 % and 0.05 % 
respectively. The principal component analysis was conducted to clear the 
correlation between zooplankton and the environmental factors. Due to the 
disturbance effect on the pond, the biotic indices recorded a relatively 
decrease during monsoon in June and July and start to increase during 
August. The authors suggested that, using the pond for fish culture, 
especially, after monsoon for six months (from October to March) because it 
has the best water quality and zooplankton productivity during this period.

Keywords: Zooplankton, phsico-chemical parameters, biotic indices, Lal Diggi pond,
India.

INTRODUCTION

Ponds in India, directly or indirectly, have an enormous ecological, 
commercial and socio-economic importance. They are rich in components of 
bio-diversity, like, flora and fauna of local, natural and regional significance. 
Thus, the ponds play an important role in conserving biodiversity (Ghanai et 
al., 2010).  Also, the natural ponds are estimated to have an area of about 
0.72 million ha, most of them are found in the vicinity of villages, places of 
religious worship and other human inhabitations (Kamat and Sima, 2000; 
Shiddamallayya and Pratima, 2008; Rajagopal et al., 2010). This makes them 
quite vulnerable to changes day by day, which would probably give a clear 
picture about the pollution stress on them (Isaiarsu and Mohandoss, 1998; 
Raja et al., 2008). Monsoon plays a very important role in the environmental 
state of the ponds (Parveen and Mola, 2013). The monsoon season is 
followed by a period of transition from rainy to dry and cool weather. This is 
the season of retreating monsoon and is termed as post-monsoon. This season 
is characterized by a further fall in diurnal and nocturnal temperatures and a 
gradual decrease in photoperiod and relative humidity.

Zooplankton diversity responds rapidly to changes in the aquatic 
environment. Several zooplankton species have served as a bioindicators  
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(Ahmad et al., 2011; Mola, 2011) and thus is a well suited tool for 
understanding water pollution studies (Ahmad, 1996). Studies on planktonic 
composition and morphometric, physical and chemical characteristics of 
water bodies are necessary to obtain basic knowledge on the biodiversity in 
ponds (Rajagopal et al., 2010). Fresh water zooplankton comprises 
principally rotifers, cladocerans, copepods and protozoans. Zooplankton 
communities often respond quickly to environmental change because most 
species have short generation cycle (usually days to weeks). 

The aim of the present work is to study some physico-chemical 
parameters, zooplankton population and diversity indices of Lal Diggi pond 
in Aligarh, India. Behind the above task, the correlation coefficient matrix 
and some statistical analyses between these physico-chemical parameters and 
the dominant zooplankton groups and species will be conducted to 
substantiate results in the pond. 

MATERIALS AND METHODS

Study area:
Aligarh, a district of Uttar-Pradesh in Northern India, is located in the central 

Ganga-Yamuna Doab at latitude 27°54N  and longitude 78°4E. The Climatology 
experiences the tropical monsoon type of climate with marked North-East and South-
West monsoons. The year can be broadly divided into five seasons; winter (December 
to January), spring (February to March), summer (April to June), Monsoon season i.e. 
season of general rains (July to September) and Post-monsoon season (October to 
November). Lal Diggi pond is a perennial freshwater, sewage-fed pond and is situated 
in the residential area of Aligarh. The depth of the pond varies from 0.8 to 3.0 m in 
different seasons. The basin of the pond is more or less flat which is marshy in nature 
consisting of organic matter, decayed leaves sand, humus, clay, gravels. The drainage 
system of the pond constitutes of four inlet drains which carry the waste water and 
sewage from the surrounding localities. 
Collection and analysis of samples:

Water samples were collected from the pond monthly from October, 2010 to 
August, 2011. Air and water temperature were measured using a mercury 
thermometer graduated to 100 0C. Transparency of water was determined using 
Secchi Disk. Electrical conductivity (EC) was measured in µmS/cm by the 
conductivity meter. Hydrogen ion concentration (pH) was directly measured by pH 
meter. All the chemical parameters were determined according to (APHA, 2005).

Zooplankton was collected by filtration of 20 Litters from the water column 
with plankton net (mesh size 55 µm). All samples were fixed in 4 % formalin. In the 
laboratory, the samples were examined, counted, classified, identified and described 
according to description and keys constructed by Needham and Needham (1966), 
Pennek (1978) and Shehata et al. (1998 a & b). Statistical analyses of biological 
indices were conducted with PRIMER 5 (version 5.2.0) software and the correlation 
coefficient between different physico-chemical parameters and the dominant
zooplankton species was carried out by SPSS (version 12) software. Principal 
corresponding analysis was conducted by XL STAT program, 2014.
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RESULTS AND DISCUSSION

1- Physico-chemical parameters
The variation in water temperature (Table 1) usually follows air 

temperature. It was recorded the highest during summer (31 0C) on monsoon 
during June, July and August and the lowest during winter (17 0C). The 
highest reading of transparency was recorded during March (30 cm), this 
might be due to settlement of sediment while the lowest reading was recorded 
during summer (10 cm in June) which might be due to evaporation of ponds 
water, which causes concentration of dissolved solids and increasing of 
temperature and production of plankton. Similar observations were recorded 
by Kaushik & Saksena (1999) and Parveen & Mola (2013). The lowest value 
of pH (8.1) was recorded during July. The relative decrease of pH values in 
this pond might be due to the effect of inflowing wastewater sewage effluent 
throughout the year (Ahmad et al., 2012) and the highest average of pH (8.8) 
was recorded during winter. 

Dissolved oxygen was recorded lower values during spring, being 0.8 
mgl-1. This might be attributed to the input of sewage and agricultural wastes, 
as biochemical decomposition of organic matter leads to increasing ammonia 
and sulphids production during mineralization of organic matter which lead 
to enormous oxygen depletion. Similar observations were given by Emam 
(2006). The highest value (6.7 mgl-1) was recorded during Post-monsoon in 
November. This may be due to the abundance of phytoplankton which 
enriched water with oxygen during photosynthesis activity (Parveen & Mola, 
2013). Electrical conductivity and chloride concentration ranged between 
808-1585 mgl-1 and 49.63-100.68 mgl-1 respectively then reached to their 
maximum values during summer due to the evaporation effect. The lowest 
values might be due to the replenishment of rains during monsoon season. 
This coincided with Ahmad et al. (2012). Bicarbonate concentrations also 
followed the same pattern of distribution in the pond. Higher values of 
carbonate during winter months might be due to input of detergents and 
lower values in monsoon months and were found to be mainly due to higher 
turbidity and low transparency values (Rajagopal et al., 2010).

The absence of carbon dioxide during the most studied months might 
be due to the presence of carbonates or high values of pH (8.3 or above). 
Kaushik and Saksena (1999) have also recorded absence of CO2 due to 
similar reasons. The highest values of carbonate were recorded during winter 
being 54 and 58 mgl-1 in May and June respectively, while the highest values 
of carbon dioxide were recorded during January and February being 57 and 
79 mgl-1 respectively. This might be due to the abundant of macrophytes in 
the pond. This observation agreed with Singhal (1991). Dissolved oxygen 
(DO) varied from 0.8 in April to 6.7 mg/l in November. Fluctuations in DO 
concentrations have been found to be affected by many factors like solubility 
of oxygen in water, intensity of light and photosynthesis (Ahmad et al., 
2011). Due to the effect of high temperature, as it has no replenishment, the 
water level recorded lowest and the other salts increased during summer 
season (Parveen & Mola (2013). From the present data, the water quality 
showed a remarkable enhancement and the salts decreased again during June, 
July and August due to the effect of heavy rains on monsoon.
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Table 1: Physico-chemical parameters in Lal Diggi pond during the period from October, 
2010 to August, 2011.

Mont
h

Air 
Temp

Wat.
Temp

Transparency EC pH CO3 HCO3 CO2 D.O Cl

Oct. 28 25 25 1079 8.7 10 190 0 3.60 79.23
Nov. 18 19 22 1195 8.4 0 232 9 6.70 68.06

Dec. 21 17 22 1325 8.8 18 247 0 2.30 85.08

Jan. 18 19 25 1270 8.8 0 292 57 1.50 82.24
Feb. 19 17 27 1377 8.8 0 300 79 1.60 77.99
March 29 26 30 1547 8.7 19 335 0 2.40 86.50
April 31 29 20 1585 8.1 24 306 0 0.80 85.08

May 34 30 12 1603 8.5 54 306 0 6.50 100.68

June 32 31 10 1551 9.0 58 292 0 4.45 69.48
July 33 31 20 1099 8.0 35 189 0 2.10 60.97

Aug. 32 31 20 808 8.2 18 181 0 2.15 49.63

2- Zooplankton abundance and distribution
In the present study, thirty nine species were identified in Lal Diggi pond 

belonging to Copepoda (3 species), Rotifera (27 species), Cladocera (6 species) and 
Protozoa (3 species). This pond considered lowest in species diversity but it has
moderate density of zooplankton (535 Org.l-1) comparing to the nearest other ponds
e.g. Chautal pond (1083 Org.l-1) and Medical pond (896 Org.l-1). The low numbers of 
zooplankton species in the pond might be due to the fluctuations of pH values and the 
deficiency of dissolved oxygen (Parveen and Mola, 2013). The average lowest 
abundance of zooplankton was observed in November (32 Org.l-1), while the highest 
was observed during April (1710 Org.l-1). Mageed (2005) claimed that certain deaths 
occurred due to stresses by high pH, which had also a synergistic action upon 
zooplankton together with ammonia. Also, there is a direct relationship between 
temperature increase in water and the increase in zooplankton. Copepoda formed the 
highest percentage of zooplankton (66.65 %), and was followed by Cladocera (14.93
%), Rotifera (9.61 %) and Ostracoda (8.61 %) while Nematoda and Protozoa formed 
the lowest dominant groups being 0.15 and 0.05 % respectively (Fig. 1).

Fig.1: percentage frequency of the dominant zooplankton groups in Lal Diggi 
pond during the study.

Copepoda formed the third most abundant group of zooplankton 
density. It was represented by Cyclops, Mesocyclops and Diaptomus. The 
population density ranged between 69 Org.l-1 in October and 10181 Org.l-1 in 
April. El-serafy et al. (2009) mentioned that the domination of copepod is an 
indicator to a good water quality.



Effect of monsoon on zooplankton and environmental characteristics in a pond at Aligarh, India 109

Nauplius larvae recorded the highest bulk of copepods in the pond. The 
presence of this larva in all stations indicated that it has the ability to tolerat 
pollution (Emam, 2006).  Only two species; Mesocyclops sp. and Cyclops sp. 
dominated during the study, while Diaptomus sp. dominated during Monson 
season in June, July and August being 160, 53 and 10 Org.l-1 respectively 
(Tables 2&3). El-Serafy et al. (2009) mentioned that Copepoda was the most 
dominant group in Lake Nasser, Egypt that attributed to the good 
environmental conditions of the lake.

The highest density of Cladocera was during Post-monsoon in the pond 
and during spring due to domination of Ceriodaphnia cornuta (1540 Org.l-1). 
The highest abundance might be attributed to macrophytes. This observation 
coincided with Bozkurt and Guven (2009) who stated that the abundance of 
Cladocera in the vegetated areas was higher than unvegetated areas. 
Although, Daphnia sp. is known as winter form, it was recorded its highest 
occurrence during August (370 Org.l-1), which always rainy and cloudy 
during monsoon. Alam et al. (2008) mentioned that the maximum abundance 
of Daphnia sp. was recorded during winter and recorded a remarkable 
decrease during spring and was completely absent in the rest of the year. 
Also, the cladoceran Alona sp., Chydorus sphaericus, Diaphanosoma 
excisum and Simocephalus vetulus were recorded with low numbers.

Rotifera showed the highest number of species (27 species) among 
zooplankton during study. Brachionus urceolaris, Monstyla closterocerca
and Philodina roseola were the abundant rotifers. Five species of genus 
Brachionus, namely B. angularis, B. Calyciflorus, B. patulus, B. 
quadridentatus and B. urceolaris were recorded during the study. This is 
indication to the eutrophication of the pond. This observation agreed with 
Ahamed (2011) and Parveen & Mola (2013).

The highest density of ostracods was recorded during June and July 
being 1270 and 808 Org.l-1, respectively. Ostracoda was represented by the 
genera Cypris sp. and Cypriodopsis sp. Though these are benthic in nature 
but became planktonic due to disturbances in water because of continuous 
rains during these months of monsoon which brings them to surface water. 
Nematoda and Protozoa are considered the less dominant groups during the 
study. Nematoda recorded with low number (30 Org.l-1) during January and 
February and decreased during June (10 Org.l-1). It was completely absent in 
the rest of the year .Also, Ahmad et al. (2012) and Parveen & Mola (2013) 
referred to the higher density of ostracods and nematods due to the mixing of 
epibenthic forms from sediment phase, which is rich with these animals 
during sampling. Protozoa (13 Org.l-1) recorded only during July. It was 
represented by 3 species namely Arcella areniata, A. discoides and 
Centropyxis aculeate.  Singh (2009) mentioned that the increasing of organic 
substances accompanied with increasing of Protozoa. 
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Table 2: Monthly Variations of the dominant groups in Lal Diggi pond during the 
period from October, 2010 to August, 2011.

      Group

Month
Copepoda Rotifera Cladocera Protozoa Nematoda Ostracoda Average

Oct. 69 234 0 0 0 6 52

Nov. 151 30 0 0 0 9 32

Dec. 231 6123 0 0 0 3 1060

Jan. 444 771 3 0 30 3 209

Feb. 5700 5 2750 0 30 0 1414
March 1275 0 33 0 0 30 223

April 10181 9 45 0 0 24 1710

May 420 1755 63 0 0 195 406

June 510 230 10 0 10 1270 338

July 133 13 840 13 0 808 301
Aug. 280 70 420 0 0 70 140
Average 1763 840 379 1 6 220 535

Table 3: Monthly Variations of the most frequented species in Lal Diggi pond 
during the period from October, 2010 to August, 2011.

Group/ Taxa
Post-Monson Winter Spring Summer Monson

Oct. Nov. Dec. Jan. Feb. March April May June Jul. Aug

Copepoda
Nauplius larvae 286 480 115 456 215 198 41 0 180 60 60
Cyclopoid copepodites 42 32 3 21 100 3 15 9 90 13 50
Cyclops sp. 4 0 0 0 0 0 0 0 60 7 30
Diaptomus sp. 0 0 0 0 0 0 0 0 180 53 10
Mesocyclops sp. 50 84 7 8 22 2 27 14 510 133 130
Rotifera
Anuropis fissa 4 0 5 0 0 0 3 2 10 0 0
Asplachina priodonta 2 4 15 1 22 0 2 1 30 13 10
Brachionus  angularis 0 8 0 0 0 0 0 0 40 0 20
B.  Calyciflorus 0 0 0 41 0 0 0 0 30 0 0
B. patulus 0 4 0 3 0 0 0 0 0 0 0
B. quadridentatus 2 0 0 0 0 0 0 0 0 0 0
B. urceolaris 0 512 15 0 5 0 0 0 10 0 0
Conochilus 0 40 0 0 0 0 0 0 0 0 0
Filina longiseta 0 4 0 0 0 0 20 10 50 0 0
Horellaa brehmi  8 8 3 4 3 0 3 2 10 0 0
Lecane spp 0 0 0 0 0 0 3 2 10 0 20
Lecane aspasia 4 0 0 0 10 2 0 1 0 0 0
Lepadella ovalis 8 0 2 3 5 0 0 0 0 0 0
Monstyla bulla 12 0 48 3 0 2 0 1 10 0 10
Monstyla closterocerca 6 0 109 3 18 0 0 0 0 0 10
Monstyla lunaris 2 0 2 0 0 2 0 1 0 0 0
Mylilina mucronata 4 0 5 0 5 0 0 0 0 0 0
Pompholyx complanata 2 0 0 0 0 0 0 0 0 0 0
Philodina roseola 146 4 12 1 41 2 5 3 10 0 0
Syncheata sp. 0 8 9 0 0 0 0 0 0 0 0
Trichocerca sp. 0 4 3 4 0 0 0 0 10 0 0
Cladocera
Alona sp. 2 0 0 0 13 0 30 15 0 0 0
Ceriodaphnia cornuta 98 1540 3 2 447 59 0 29 0 820 30
Chydorus sphaericus 0 12 0 0 66 0 0 0 0 0 0
Daphnia carinata 0 0 0 0 0 2 0 1 0 0 370
Diaphanosoma excisum 2 20 0 0 15 0 0 0 0 0 20
Simocephalus vetulus 0 0 0 0 0 0 8 4 0 0 0

3- Principal component analysis and correlation coefficient matrix 
Correlation coefficient matrix and principal component analysis was conducted 

for studying the effect of physic-chemical parameters on zooplankton (Fig. 2). The 
highest negative correlation was showed between Nematoda and CO3 (-0.55). This 
indicates that this zooplankton group can tolerate high organic pollution. Also, the 
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present study revealed that Ostracoda recorded a significant positive correlation r = 
0.737 with CO3 and negative correlation r = -0.67 with transparency.  Parveen and 
Mola (2013) recorded low values of dissolved oxygen with high number of ostacods 
indicating that it can tolerate the deficiency of DO at high temperature. Dugel et al. 
(2008) mentioned that ostracods are widely distributed in all type of aquatic 
environment and water temperature, dissolved oxygen and electrical conductivity are 
the most effective factors influencing species composition of ostracods. Transparency 
recorded a positive correlation with Cladocera and Copepoda. Similar correlations 
were recorded by Mageed and Heikal (2005). Patalas and Salki (1992) found that high 
temperature affects physiology of several living organisms and their distribution. The 
principal component analysis showed a high positive correlation for Brachionus
calyciflorus with transparency and the negative for Ceriodaphnia sp., with 
bicarbonate.

Fig. 2: Principal component analysis (PCA) was conducted for physico-chemical 
parameters and zooplankton during the study. 

    Cycl= Cyclopoid copepodite, Roti= Rotifera, Clado=Cladocera, Meso= 
Mesocyclops sp., Ceriod= Ceriodaphnia sp., Ostr= Ostracoda, Filina= Filina 
longiseta, B. Angu= Brachionus angularis, B. Cali= B.  Calyciflorus, Temp= Air 
temperature, W temp= Water temperature, D.O= Dissolved oxygen, Trans= 
Transparency, EC= Electrical conductivity.

4- Diversity indices
In all recorded months, zooplankton species richness was found to be 

high in June during Monsoon season (2.63) than any other month. Dash 
(1996) reported that the higher in value of Shannon’s index, the greater is the 
planktonic diversity. Bajpai and Agarker (1997) reported that the species 
diversity would be low following the disturbance such as flood. In the present 
study, the highest diversity indices were recorded during winter in January 
being 0.71, 1.98, 2.01 and 0.84 for Evenness, Brillouin, Shannon and 
Simpson indices, respectively (Table 4).
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Table 4: Monthly Variations of biological Indices in Lal Diggi pond during the period from 
October, 2010 to August, 2011.

Group

Month

Total 
species

Total 
Individuals

Species 
Richness

Evenness Brillouin Shannon Simpson

Oct. 12 313 1.91 0.62 1.47 1.54 0.64
Nov. 8 184 1.34 0.76 1.51 1.58 0.74
Dec. 7 6354 0.69 0.17 0.33 0.33 0.13
Jan. 17 1251 2.24 0.71 1.98 2.01 0.84
Feb. 6 8485 0.55 0.51 0.91 0.91 0.52
March 4 1308 0.42 0.21 0.28 0.29 0.11
April 7 10244 0.65 - - - -
May 17 2238 2.07 0.69 1.92 1.94 0.79
June 21 2030 2.63 0.60 1.80 1.83 0.70
July 13 1814 1.60 0.53 1.34 1.35 0.64
Aug. 15 770 2.11 0.72 1.91 1.95 0.79

  Parveen and Mola (2013) observed the highest values of biotic indices 
during summer (Pri-Monsoon season) which indicates that species are more 
evenly distributed in this pond. Similar observations were recorded by 
Kucznska-Kippen & Basinska (2008) who mentioned that the highest 
diversity index of the crustacean community was found among submerged 
vegetation in summer months. The biotic indices recorded a relatively 
decrease during monsoon in June and July and started to increase during 
August. This agrees with Rajagopal et al. (2010). They reported that the low 
value of Shannon’s index of plankton population in rainy season is due to 
dilution of water medium. Dash (1996) reported that the low values of 
Shannon’s index were recorded during September, may be due to high 
downpour recorded as 244.2 mm. 

CONCLUSION

The presence of five species of Brachionus indicates that this pond is
approaching towards eutrophication and is organically polluted. Different species of 
zooplankton showed their abundance according to the favorable condition, so they 
disappear in unfavorable conditions and reappeared on return of favorable condition 
after monsoon. The pond can be managed for fish culture, especially, for air breathing 
fishes like Heteropenuste fossils and Clarias batrachus after monsoon for six months 
(from October to March) because it recorded good water quality and suitable water 
level during this period. 
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ARABIC SUMMARY

  الھند-تأثیر موسم الفیضان علي تنوع الھائمات الحیوانیة والخصائص البیئیة في أحد البرك السمكیة بألیجار

  ٢سلطانات بارفین-١ھشام رضا عبد المولي
  مصر-و المصایدالمعھد القومي لعلوم البحار-١

  الھند- جامعة الیجار الأسلامیة-قسم علم الحیوان-٢
  

ئیة والكیمیائیة ووفرة الھائمات الحیوانیة شھریا في ھذه البركة خلال الفترة تم تحلیل الخصائص الفیزیا
أظھرت الدراسة تغیرات كبیرة  في تنوع الھائمات الحیوانیة وجودة .٢٠١١حتي أغسطس ٢٠١٠من أكتوبر 

ھا لمجدافیات نوعا من الھائمات الحیوانیة تنتمي ثلاثة من٣٩تم تسجیل . المیاه في ھذه البركة المسماه لال دجي
كونت مجدافیات الأرجل أعلي نسبة .  انواع لمتفرعات القرن وثلاثة للأولیات٦نوعا للعجلیات  و٢٧الأرجل و

، فیما كونت %٨.٦١والدرعیات % ٩.٦١ثم العجلیات % ١٤.٩٣تلتھا متفرعات القرن %  ٦٦.٦٥وھي 
جراء التحلیل الأحصائي متعدد الأوجھ لاظھار مدي العلاقة تم إ. الدیدان الإسطوانیة والأولیات أقل النسب تواجدا

وقد سجلت العوامل البیولوجیة أقل قیمھا ابتداء من موسم . الھائمات الحیوانیة  والعوامل البیئیة المدروسةبین
الأمطار في شھر یونیھ ویولیھ وتبدأ في التحسن خلال شھر أغسطس وذلك لعدم الأستقرار بسبب الأمطار 

وقد أوصت الدراسة باستخدام ھذه البركة لتربیة الأسماك في الفترة من أكتوبر وحتي مارس . صلةالمتوا
  .لتسجیلھا أفضل جودة للمیاه وخصوبة في الھائمات الحیوانیة
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Abstract

The phsico-chemical parameters and zooplankton abundance were analyzed monthly in Lal Diggi pond at Aligarh, India during the period from October, 2010 to August, 2011. High variations of zooplankton and water quality were observed in the pond. Thirty nine species were identified belonging to Copepoda (3 species), Rotifera (27 species), Cladocera (6 species) and Protozoa (3 species). Copepoda formed the highest percentage of zooplankton (66.65 %), followed by Cladocera (14.93 %), Rotifera (9.61 %) and Ostracoda (8.61 %), while Nematoda and Protozoa formed the lowest dominant groups being 0.15 % and 0.05 % respectively. The principal component analysis was conducted to clear the correlation between zooplankton and the environmental factors. Due to the disturbance effect on the pond, the biotic indices recorded a relatively decrease during monsoon in June and July and start to increase during August. The authors suggested that, using the pond for fish culture, especially, after monsoon for six months (from October to March) because it has the best water quality and zooplankton productivity during this period.

Keywords: Zooplankton, phsico-chemical parameters, biotic indices, Lal Diggi pond, India.

Introduction

Ponds in India, directly or indirectly, have an enormous ecological, commercial and socio-economic importance. They are rich in components of bio-diversity, like, flora and fauna of local, natural and regional significance. Thus, the ponds play an important role in conserving biodiversity (Ghanai et al., 2010).  Also, the natural ponds are estimated to have an area of about 0.72 million ha, most of them are found in the vicinity of villages, places of religious worship and other human inhabitations (Kamat and Sima, 2000; Shiddamallayya and Pratima, 2008; Rajagopal et al., 2010). This makes them quite vulnerable to changes day by day, which would probably give a clear picture about the pollution stress on them (Isaiarsu and Mohandoss, 1998; Raja et al., 2008). Monsoon plays a very important role in the environmental state of the ponds (Parveen and Mola, 2013). The monsoon season is followed by a period of transition from rainy to dry and cool weather. This is the season of retreating monsoon and is termed as post-monsoon. This season is characterized by a further fall in diurnal and nocturnal temperatures and a gradual decrease in photoperiod and relative humidity. 

Zooplankton diversity responds rapidly to changes in the aquatic environment. Several zooplankton species have served as a bioindicators  (Ahmad et al., 2011; Mola, 2011) and thus is a well suited tool for understanding water pollution studies (Ahmad, 1996). Studies on planktonic composition and morphometric, physical and chemical characteristics of water bodies are necessary to obtain basic knowledge on the biodiversity in ponds (Rajagopal et al., 2010). Fresh water zooplankton comprises principally rotifers, cladocerans, copepods and protozoans. Zooplankton communities often respond quickly to environmental change because most species have short generation cycle (usually days to weeks). 

The aim of the present work is to study some physico-chemical parameters, zooplankton population and diversity indices of Lal Diggi pond in Aligarh, India. Behind the above task, the correlation coefficient matrix and some statistical analyses between these physico-chemical parameters and the dominant zooplankton groups and species will be conducted to substantiate results in the pond. 


Materials and methods

Study area:


Aligarh, a district of Uttar-Pradesh in Northern India, is located in the central Ganga-Yamuna Doab at latitude 27°54(N  and longitude 78°4(E. The Climatology experiences the tropical monsoon type of climate with marked North-East and South-West monsoons. The year can be broadly divided into five seasons; winter (December to January), spring (February to March), summer (April to June), Monsoon season i.e. season of general rains (July to September) and Post-monsoon season (October to November). Lal Diggi pond is a perennial freshwater, sewage-fed pond and is situated in the residential area of Aligarh. The depth of the pond varies from 0.8 to 3.0 m in different seasons. The basin of the pond is more or less flat which is marshy in nature consisting of organic matter, decayed leaves sand, humus, clay, gravels. The drainage system of the pond constitutes of four inlet drains which carry the waste water and sewage from the surrounding localities. 


Collection and analysis of samples:


Water samples were collected from the pond monthly from October, 2010 to August, 2011. Air and water temperature were measured using a mercury thermometer graduated to 100 0C. Transparency of water was determined using Secchi Disk. Electrical conductivity (EC) was measured in µmS/cm by the conductivity meter. Hydrogen ion concentration (pH) was directly measured by pH meter. All the chemical parameters were determined according to (APHA, 2005).


Zooplankton was collected by filtration of 20 Litters from the water column with plankton net (mesh size 55 µm). All samples were fixed in 4 % formalin. In the laboratory, the samples were examined, counted, classified, identified and described according to description and keys constructed by Needham and Needham (1966), Pennek (1978) and Shehata et al. (1998 a & b). Statistical analyses of biological indices were conducted with PRIMER 5 (version 5.2.0) software and the correlation coefficient between different physico-chemical parameters and the dominant zooplankton species was carried out by SPSS (version 12) software. Principal corresponding analysis was conducted by XL STAT program, 2014.

Results and discussion

1- Physico-chemical parameters

 
The variation in water temperature (Table 1) usually follows air temperature. It was recorded the highest during summer (31 0C) on monsoon during June, July and August and the lowest during winter (17 0C). The highest reading of transparency was recorded during March (30 cm), this might be due to settlement of sediment while the lowest reading was recorded during summer (10 cm in June) which might be due to evaporation of ponds water, which causes concentration of dissolved solids and increasing of temperature and production of plankton. Similar observations were recorded by Kaushik & Saksena (1999) and Parveen & Mola (2013). The lowest value of pH (8.1) was recorded during July. The relative decrease of pH values in this pond might be due to the effect of inflowing wastewater sewage effluent throughout the year (Ahmad et al., 2012) and the highest average of pH (8.8) was recorded during winter. 


Dissolved oxygen was recorded lower values during spring, being 0.8 mgl-1. This might be attributed to the input of sewage and agricultural wastes, as biochemical decomposition of organic matter leads to increasing ammonia and sulphids production during mineralization of organic matter which lead to enormous oxygen depletion. Similar observations were given by Emam (2006). The highest value (6.7 mgl-1) was recorded during Post-monsoon in November. This may be due to the abundance of phytoplankton which enriched water with oxygen during photosynthesis activity (Parveen & Mola, 2013). Electrical conductivity and chloride concentration ranged between 808-1585 mgl-1 and 49.63-100.68 mgl-1 respectively then reached to their maximum values during summer due to the evaporation effect. The lowest values might be due to the replenishment of rains during monsoon season. This coincided with Ahmad et al. (2012). Bicarbonate concentrations also followed the same pattern of distribution in the pond. Higher values of carbonate during winter months might be due to input of detergents and lower values in monsoon months and were found to be mainly due to higher turbidity and low transparency values (Rajagopal et al., 2010).


The absence of carbon dioxide during the most studied months might be due to the presence of carbonates or high values of pH (8.3 or above). Kaushik and Saksena (1999) have also recorded absence of CO2 due to similar reasons. The highest values of carbonate were recorded during winter being 54 and 58 mgl-1 in May and June respectively, while the highest values of carbon dioxide were recorded during January and February being 57 and 79 mgl-1 respectively. This might be due to the abundant of macrophytes in the pond. This observation agreed with Singhal (1991). Dissolved oxygen (DO) varied from 0.8 in April to 6.7 mg/l in November. Fluctuations in DO concentrations have been found to be affected by many factors like solubility of oxygen in water, intensity of light and photosynthesis (Ahmad et al., 2011). Due to the effect of high temperature, as it has no replenishment, the water level recorded lowest and the other salts increased during summer season (Parveen & Mola (2013). From the present data, the water quality showed a remarkable enhancement and the salts decreased again during June, July and August due to the effect of heavy rains on monsoon.


Table 1: Physico-chemical parameters in Lal Diggi pond during the period from October, 2010 to August, 2011.


		Month

		Air 

Temp

		Wat. 


Temp

		Transparency

		EC

		pH

		CO3

		HCO3

		CO2

		D.O

		Cl



		Oct.

		28

		25

		25

		1079

		8.7

		10

		190

		0

		3.60

		79.23



		Nov.

		18

		19

		22

		1195

		8.4

		0

		232

		9

		6.70

		68.06



		Dec.

		21

		17

		22

		1325

		8.8

		18

		247

		0

		2.30

		85.08



		Jan.

		18

		19

		25

		1270

		8.8

		0

		292

		57

		1.50

		82.24



		Feb.

		19

		17

		27

		1377

		8.8

		0

		300

		79

		1.60

		77.99



		March

		29

		26

		30

		1547

		8.7

		19

		335

		0

		2.40

		86.50



		April

		31

		29

		20

		1585

		8.1

		24

		306

		0

		0.80

		85.08



		May

		34

		30

		12

		1603

		8.5

		54

		306

		0

		6.50

		100.68



		June

		32

		31

		10

		1551

		9.0

		58

		292

		0

		4.45

		69.48



		July

		33

		31

		20

		1099

		8.0

		35

		189

		0

		2.10

		60.97



		Aug.

		32

		31

		20

		808

		8.2

		18

		181

		0

		2.15

		49.63





2- Zooplankton abundance and distribution


In the present study, thirty nine species were identified in Lal Diggi pond belonging to Copepoda (3 species), Rotifera (27 species), Cladocera (6 species) and Protozoa (3 species). This pond considered lowest in species diversity but it has moderate density of zooplankton (535 Org.l-1) comparing to the nearest other ponds e.g. Chautal pond (1083 Org.l-1) and Medical pond (896 Org.l-1). The low numbers of zooplankton species in the pond might be due to the fluctuations of pH values and the deficiency of dissolved oxygen (Parveen and Mola, 2013). The average lowest abundance of zooplankton was observed in November (32 Org.l-1), while the highest was observed during April (1710 Org.l-1). Mageed (2005) claimed that certain deaths occurred due to stresses by high pH, which had also a synergistic action upon zooplankton together with ammonia. Also, there is a direct relationship between temperature increase in water and the increase in zooplankton. Copepoda formed the highest percentage of zooplankton (66.65 %), and was followed by Cladocera (14.93 %), Rotifera (9.61 %) and Ostracoda (8.61 %) while Nematoda and Protozoa formed the lowest dominant groups being 0.15 and 0.05 % respectively (Fig. 1).
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Fig.1: percentage frequency of the dominant zooplankton groups in Lal Diggi pond during the study.


Copepoda formed the third most abundant group of zooplankton density. It was represented by Cyclops, Mesocyclops and Diaptomus. The population density ranged between 69 Org.l-1 in October and 10181 Org.l-1 in April. El-serafy et al. (2009) mentioned that the domination of copepod is an indicator to a good water quality.


Nauplius larvae recorded the highest bulk of copepods in the pond. The presence of this larva in all stations indicated that it has the ability to tolerat pollution (Emam, 2006).  Only two species; Mesocyclops sp. and Cyclops sp. dominated during the study, while Diaptomus sp. dominated during Monson season in June, July and August being 160, 53 and 10 Org.l-1 respectively (Tables 2&3). El-Serafy et al. (2009) mentioned that Copepoda was the most dominant group in Lake Nasser, Egypt that attributed to the good environmental conditions of the lake.


The highest density of Cladocera was during Post-monsoon in the pond and during spring due to domination of Ceriodaphnia cornuta (1540 Org.l-1). The highest abundance might be attributed to macrophytes. This observation coincided with Bozkurt and Guven (2009) who stated that the abundance of Cladocera in the vegetated areas was higher than unvegetated areas. Although, Daphnia sp. is known as winter form, it was recorded its highest occurrence during August (370 Org.l-1), which always rainy and cloudy during monsoon. Alam et al. (2008) mentioned that the maximum abundance of Daphnia sp. was recorded during winter and recorded a remarkable decrease during spring and was completely absent in the rest of the year. Also, the cladoceran Alona sp., Chydorus sphaericus, Diaphanosoma excisum and Simocephalus vetulus were recorded with low numbers.

Rotifera showed the highest number of species (27 species) among zooplankton during study. Brachionus urceolaris, Monstyla closterocerca and Philodina roseola were the abundant rotifers. Five species of genus Brachionus, namely B. angularis, B. Calyciflorus, B. patulus, B. quadridentatus and B. urceolaris were recorded during the study. This is indication to the eutrophication of the pond. This observation agreed with Ahamed (2011) and Parveen & Mola (2013). 


The highest density of ostracods was recorded during June and July being 1270 and 808 Org.l-1, respectively. Ostracoda was represented by the genera Cypris sp. and Cypriodopsis sp. Though these are benthic in nature but became planktonic due to disturbances in water because of continuous rains during these months of monsoon which brings them to surface water. Nematoda and Protozoa are considered the less dominant groups during the study. Nematoda recorded with low number (30 Org.l-1) during January and February and decreased during June (10 Org.l-1). It was completely absent in the rest of the year .Also, Ahmad et al. (2012) and Parveen & Mola (2013) referred to the higher density of ostracods and nematods due to the mixing of epibenthic forms from sediment phase, which is rich with these animals during sampling. Protozoa (13 Org.l-1) recorded only during July. It was represented by 3 species namely Arcella areniata, A. discoides and Centropyxis aculeate.  Singh (2009) mentioned that the increasing of organic substances accompanied with increasing of Protozoa. 

Table 2: Monthly Variations of the dominant groups in Lal Diggi pond during the period from October, 2010 to August, 2011.


		      Group


Month

		Copepoda

		Rotifera

		Cladocera

		Protozoa

		Nematoda

		Ostracoda

		Average



		Oct.

		69

		234

		0

		0

		0

		6

		52



		Nov.

		151

		30

		0

		0

		0

		9

		32



		Dec.

		231

		6123

		0

		0

		0

		3

		1060



		Jan.

		444

		771

		3

		0

		30

		3

		209



		Feb.

		5700

		5

		2750

		0

		30

		0

		1414



		March

		1275

		0

		33

		0

		0

		30

		223



		April

		10181

		9

		45

		0

		0

		24

		1710



		May

		420

		1755

		63

		0

		0

		195

		406



		June

		510

		230

		10

		0

		10

		1270

		338



		July

		133

		13

		840

		13

		0

		808

		301



		Aug.

		280

		70

		420

		0

		0

		70

		140



		Average

		1763

		840

		379

		1

		6

		220

		535





Table 3: Monthly Variations of the most frequented species in Lal Diggi pond during the period from October, 2010 to August, 2011.


		Group/ Taxa

		Post-Monson

		Winter

		Spring

		Summer

		Monson



		

		Oct.

		Nov.

		Dec.

		Jan.

		Feb.

		March

		April

		May

		June

		Jul.

		Aug



		Copepoda



		Nauplius larvae 

		286

		480

		115

		456

		215

		198

		41

		0

		180

		60

		60



		Cyclopoid copepodites

		42

		32

		3

		21

		100

		3

		15

		9

		90

		13

		50



		Cyclops sp.

		4

		0

		0

		0

		0

		0

		0

		0

		60

		7

		30



		Diaptomus sp.

		0

		0

		0

		0

		0

		0

		0

		0

		180

		53

		10



		Mesocyclops sp.

		50

		84

		7

		8

		22

		2

		27

		14

		510

		133

		130



		Rotifera



		Anuropis fissa

		4

		0

		5

		0

		0

		0

		3

		2

		10

		0

		0



		Asplachina priodonta

		2

		4

		15

		1

		22

		0

		2

		1

		30

		13

		10



		Brachionus  angularis

		0

		8

		0

		0

		0

		0

		0

		0

		40

		0

		20



		B.  Calyciflorus

		0

		0

		0

		41

		0

		0

		0

		0

		30

		0

		0



		B. patulus

		0

		4

		0

		3

		0

		0

		0

		0

		0

		0

		0



		B. quadridentatus

		2

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



		B. urceolaris 

		0

		512

		15

		0

		5

		0

		0

		0

		10

		0

		0



		Conochilus

		0

		40

		0

		0

		0

		0

		0

		0

		0

		0

		0



		Filina longiseta

		0

		4

		0

		0

		0

		0

		20

		10

		50

		0

		0



		Horellaa brehmi  

		8

		8

		3

		4

		3

		0

		3

		2

		10

		0

		0



		Lecane spp

		0

		0

		0

		0

		0

		0

		3

		2

		10

		0

		20



		Lecane aspasia

		4

		0

		0

		0

		10

		2

		0

		1

		0

		0

		0



		Lepadella ovalis

		8

		0

		2

		3

		5

		0

		0

		0

		0

		0

		0



		Monstyla bulla 

		12

		0

		48

		3

		0

		2

		0

		1

		10

		0

		10



		Monstyla closterocerca 

		6

		0

		109

		3

		18

		0

		0

		0

		0

		0

		10



		Monstyla lunaris

		2

		0

		2

		0

		0

		2

		0

		1

		0

		0

		0



		Mylilina mucronata

		4

		0

		5

		0

		5

		0

		0

		0

		0

		0

		0



		Pompholyx complanata

		2

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



		Philodina roseola

		146

		4

		12

		1

		41

		2

		5

		3

		10

		0

		0



		Syncheata sp.

		0

		8

		9

		0

		0

		0

		0

		0

		0

		0

		0



		Trichocerca sp.

		0

		4

		3

		4

		0

		0

		0

		0

		10

		0

		0



		Cladocera



		Alona sp.

		2

		0

		0

		0

		13

		0

		30

		15

		0

		0

		0



		Ceriodaphnia cornuta

		98

		1540

		3

		2

		447

		59

		0

		29

		0

		820

		30



		Chydorus sphaericus

		0

		12

		0

		0

		66

		0

		0

		0

		0

		0

		0



		Daphnia carinata 

		0

		0

		0

		0

		0

		2

		0

		1

		0

		0

		370



		Diaphanosoma excisum

		2

		20

		0

		0

		15

		0

		0

		0

		0

		0

		20



		Simocephalus vetulus

		0

		0

		0

		0

		0

		0

		8

		4

		0

		0

		0





3- Principal component analysis and correlation coefficient matrix 

Correlation coefficient matrix and principal component analysis was conducted for studying the effect of physic-chemical parameters on zooplankton (Fig. 2). The highest negative correlation was showed between Nematoda and CO3 (-0.55). This indicates that this zooplankton group can tolerate high organic pollution. Also, the present study revealed that Ostracoda recorded a significant positive correlation r = 0.737 with CO3 and negative correlation r = -0.67 with transparency.  Parveen and Mola (2013) recorded low values of dissolved oxygen with high number of ostacods indicating that it can tolerate the deficiency of DO at high temperature. Dugel et al. (2008) mentioned that ostracods are widely distributed in all type of aquatic environment and water temperature, dissolved oxygen and electrical conductivity are the most effective factors influencing species composition of ostracods. Transparency recorded a positive correlation with Cladocera and Copepoda. Similar correlations were recorded by Mageed and Heikal (2005). Patalas and Salki (1992) found that high temperature affects physiology of several living organisms and their distribution. The principal component analysis showed a high positive correlation for Brachionus calyciflorus with transparency and the negative for Ceriodaphnia sp., with bicarbonate.  
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Fig. 2: Principal component analysis (PCA) was conducted for physico-chemical parameters and zooplankton during the study. 


    Cycl= Cyclopoid copepodite, Roti= Rotifera, Clado=Cladocera, Meso= Mesocyclops sp., Ceriod= Ceriodaphnia sp., Ostr= Ostracoda, Filina= Filina longiseta, B. Angu= Brachionus angularis, B. Cali= B.  Calyciflorus, Temp= Air temperature, W temp= Water temperature, D.O= Dissolved oxygen, Trans= Transparency, EC= Electrical conductivity.


4- Diversity indices


In all recorded months, zooplankton species richness was found to be high in June during Monsoon season (2.63) than any other month. Dash (1996) reported that the higher in value of Shannon’s index, the greater is the planktonic diversity. Bajpai and Agarker (1997) reported that the species diversity would be low following the disturbance such as flood. In the present study, the highest diversity indices were recorded during winter in January being 0.71, 1.98, 2.01 and 0.84 for Evenness, Brillouin, Shannon and Simpson indices, respectively (Table 4).


Table 4: Monthly Variations of biological Indices in Lal Diggi pond during the period from October, 2010 to August, 2011.


		Group


Month

		Total species

		Total Individuals

		Species Richness

		Evenness




		Brillouin




		Shannon




		Simpson






		Oct.

		12

		313

		1.91

		0.62

		1.47

		1.54

		0.64



		Nov.

		8

		184

		1.34

		0.76

		1.51

		1.58

		0.74



		Dec.

		7

		6354

		0.69

		0.17

		0.33

		0.33

		0.13



		Jan.

		17

		1251

		2.24

		0.71

		1.98

		2.01

		0.84



		Feb.

		6

		8485

		0.55

		0.51

		0.91

		0.91

		0.52



		March

		4

		1308

		0.42

		0.21

		0.28

		0.29

		0.11



		April

		7

		10244

		0.65

		-

		-

		-

		-



		May

		17

		2238

		2.07

		0.69

		1.92

		1.94

		0.79



		June

		21

		2030

		2.63

		0.60

		1.80

		1.83

		0.70



		July

		13

		1814

		1.60

		0.53

		1.34

		1.35

		0.64



		Aug.

		15

		770

		2.11

		0.72

		1.91

		1.95

		0.79





  Parveen and Mola (2013) observed the highest values of biotic indices during summer (Pri-Monsoon season) which indicates that species are more evenly distributed in this pond. Similar observations were recorded by Kucznska-Kippen & Basinska (2008) who mentioned that the highest diversity index of the crustacean community was found among submerged vegetation in summer months. The biotic indices recorded a relatively decrease during monsoon in June and July and started to increase during August. This agrees with Rajagopal et al. (2010). They reported that the low value of Shannon’s index of plankton population in rainy season is due to dilution of water medium. Dash (1996) reported that the low values of Shannon’s index were recorded during September, may be due to high downpour recorded as 244.2 mm. 

Conclusion

The presence of five species of Brachionus indicates that this pond is approaching towards eutrophication and is organically polluted. Different species of zooplankton showed their abundance according to the favorable condition, so they disappear in unfavorable conditions and reappeared on return of favorable condition after monsoon. The pond can be managed for fish culture, especially, for air breathing fishes like Heteropenuste fossils and Clarias batrachus after monsoon for six months (from October to March) because it recorded good water quality and suitable water level during this period. 
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ARABIC SUMMARY

تأثير موسم الفيضان علي تنوع الهائمات الحيوانية والخصائص البيئية في أحد البرك السمكية بأليجار- الهند

هشام رضا عبد المولي1- سلطانات بارفين2

1- المعهد القومي لعلوم البحار و المصايد- مصر


2- قسم علم الحيوان- جامعة اليجار الأسلامية- الهند

تم تحليل الخصائص الفيزيائية والكيميائية ووفرة الهائمات الحيوانية شهريا في هذه البركة خلال الفترة من أكتوبر 2010 حتي أغسطس 2011. أظهرت الدراسة تغيرات كبيرة  في تنوع الهائمات الحيوانية وجودة المياه في هذه البركة المسماه لال دجي. تم تسجيل 39 نوعا من الهائمات الحيوانية تنتمي ثلاثة منها لمجدافيات الأرجل و27 نوعا للعجليات  و6 انواع لمتفرعات القرن وثلاثة للأوليات.  كونت مجدافيات الأرجل أعلي نسبة وهي 66.65 %  تلتها متفرعات القرن 14.93% ثم العجليات 9.61% والدرعيات 8.61%، فيما كونت الديدان الإسطوانية والأوليات أقل النسب تواجدا. تم إجراء التحليل الأحصائي متعدد الأوجه لاظهار مدي العلاقة بين الهائمات الحيوانية  والعوامل البيئية المدروسة. وقد سجلت العوامل البيولوجية أقل قيمها ابتداء من موسم الأمطار في شهر يونيه ويوليه وتبدأ في التحسن خلال شهر أغسطس وذلك لعدم الأستقرار بسبب الأمطار المتواصلة. وقد أوصت الدراسة باستخدام هذه البركة لتربية الأسماك في الفترة من أكتوبر وحتي مارس لتسجيلها أفضل جودة للمياه وخصوبة في الهائمات الحيوانية.
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