Asian Journal of Biological and Life Sciences Original Research
Annual Population Dynamics of Copepods and its Correlation
with Water Parameters in Fish Ponds of Ludhiana District, Punjab

Shreya Jamwal'*, Devinder Kaur Kocher’

1 Department of Zoology, Punjab Agricultural University, Ludhiana-141004, Punjab, India.
2 Department of Zoology, Punjab Agricultural University, Ludhiana-141004, Punjab, India.

Contact No. : 191 - 8894448787
Published :30.04.2017

E-mail : jamwals88@gmail.com
Submitted: 02.01.2017
Abstract

Accepted: 16.04.2017

Zooplankton are the important part of aquatic food chain and the nutritious food for fish. Some zooplankton like cyclopoid copepods are the
voracious predators of earlier instar mosquito larvae. In present study, copepod density as well as physico-chemical parameters like temperature,
transparency, pH, electrical conductivity, total dissolved solids, dissolved oxygen, alkalinity and total hardness were recorded from selected three fish
ponds of Ludhiana district of Punjab (India) from January-December 2014. Results showed the maximum copepod density (copepods L") during
March at GADVASU (2740.68 L") and during April at Pandori (1231.60 L) and Galib Kalan (2779.63 L") fish ponds. From the collected zooplankton
pool, annual count showed high population of mature copepods in comparison to immature one (including nauplii and copepodids) and from the
mature population, cyclopoids were the predominant (60 to 79.33%) type of copepods found in the selected fish ponds. A significant negative
correlation (r=-.603 at p<0.05) was observed between the copepod population and temperature at GADVASU fish pond and other two fish ponds, this
relation was statistically non-significant. While rest of the studied water parameters showed statistically non-significant correlation with copepod

population. The temperature favourable for high population of copepods was found to range from 20-27°C.
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INTRODUCTION

Zooplankton play a vital role as primary consumer of
aquatic food chain which in turn influence the
productivity of fresh water ecosystem. They occupy an
intermediate position in the food web and mediate the transfer of
energy from lower to higher trophic levels """ Being heterotrophic
in nature, they play a key role in cycling of organic materials in an
aquatic ecosystem “" Rotifers, cladocerans, copepods and
ostracods constitute the major groups of zooplankton.
Zooplankton communities are typically diverse and due to short
life cycle, they are highly sensitive to environmental variation "
The quality of water in terms of physico-chemical and biological
characteristics in the reservoir offers the most favourable
conditions for the existence of zooplankton as well as other biota
which constitute essential components of the food chain " As a
major element in aquatic biota, the zooplankton community often
exhibits dramatic changes in response to the physico-chemical
properties of the aquatic environment. They are susceptible to the
variations in a wide number of aquatic parameters like
temperature, pH, dissolved oxygen, total alkalinity and free CO,
and water depth "

Copepods are dominant members of zooplankton community
in freshwater and brackishwater. Main suborders of copepods
found in freshwater are calanoids, harpacticoids and cyclopoids.
Some authors ' have reported large population of copepods in
commercial fish ponds in comparison to other standing water
bodies. Copepods have a complex life cycle with six naupliar, five
copepodid stages and then adult " As a consequence, ontogenetic
development encompasses a large range of body sizes and
concomitant changes in diet and predator vulnerability ** They are
natural feeders of mosquito larvae and larvae juveniles of many
finfish and crustaceans. It is generally believed that copepods can

meet the nutritional requirement of fish larvae " Beside their
importance as fish food, the specific type of copepods i.e.
cyclopoids are also good predators of mosquito larvae which are
responsible to spread different deadliest diseases like malaria,
dengue and chickungunia """ The aim was to study the seasonal
variation of copepod population and to determine the effect of
physico-chemical factors on their population under the local
environmental conditions of the fish ponds of Ludhiana district,
Punjab (India).

MATERIALSAND METHODS

Three fish ponds selected to conduct the present study were;
fish pond at Guru Angad Dev Veterinary and Animal Sciences
University (GADVASU), Ludhiana, at village Pandori (24.1 km
away from Ludhiana city) and village Galib Kalan (51.0 km away
from Ludhiana city). All ponds were clear and properly
maintained for the commercial production of fish. The regular
monitoring of copepods in fish ponds was carried out at monthly
intervals from January to December 2014. Water samples were
collected during morning hours between 8 to 10 am. Zooplankton
net having mesh size 60 pm was used for collections of copepods
from fish ponds. Water was sieved at 5 sites /fish pond
(approx.50L i.e 10L/site) through zooplankton net. Filtered
zooplankton were fixed and preserved in Sml of 5% formalin. For
counting copepod population, sample was concentrate upto 30 ml
by keeping it over night. Copepods were identified upto order
level with identification keys given by different authors [11, 12].
Their number was counted manually with Sedgewick Rafter
Counting cell [13] under binocular light microscope by taking 1
ml of concentrated sample in three replicates. Then calculation
was done by the following formula:

Cx1000
A xDxF

Number of Copepods/ml =
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Where, C =Number of organisms counted in 'n' field view, A=
Area of field (1.369 mm’), D = Depth (1 mm), F = Number of
fields observed

Mxv
Vv

Number of Copepods /L=

Where, M =Number of Copepods/ ml, v=Vol. of concentrated
sample, V= Volume of filtered water

Water temperature and secchi disk transparency (SDT) were
recorded at the spot using centigrade thermometer and sechhi disk
respectively. Other physico-chemical parameters like electrical
conductivity (EC), total dissolved solids (TDS), pH, dissolved
oxygen (DO), alkalinity and total hardness (TH) were analysed
with ELICO water analyzer from the water samples collected
separately from all the selected fish ponds. To establish
correlation between copepod population and physico-chemical

parameters, data was analyzed by using correlation coefficient.
SPSS statistical software version 16 was employed.

RESULTS

Total population count of copepods recorded at monthly
intervals throughout the year from three fish ponds at Ludhiana
showed their low count in the January month, followed by a rise
in February to March or April. The copepod density (copepods L°
") reached its maximum level (2740.68 L") during March at
GADVASU fish pond and during April at Pandori (1231.60 L")
and Galib Kalan (2779.63 L") fish ponds (Fig. 1). Data analysis
showed that total annual population count was found to have
more number of mature copepods (64.60 to 75.50%) as compared
to that of immature one (including nauplii and copepodids ) at all
the fish ponds (Fig. 2). The mature copepods identified on their
morphological features were found to belong to two orders viz.
calanoida and cyclopoida. Cyclopoids showed their prevalence
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Fig. 1 : Annual population dynamics of copepod density at selected fish ponds of Ludhiana district
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Fig. 2 : Annual population density of mature and immature copepods at selected ponds of Ludhiana district
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Fig. 3 : Annual copepod density (%) of calanoid and cyclopoid copepods at selected fish ponds of Ludhiana district

Table 1: Correlation of various physico-chemical parameters of water with copepod
population at selected fish ponds of Ludhiana district.

Correlation coefficient (r)
Water parameters
GADVASU Pandori Galib Kalan

Temperature -.637 £ -.184
Transparency 068 177 094
pH -.258 -010 -.079
Electrical Conductivity 241 175 397
Total Dissolved Solids -.088 133 366
Dissolved Oxygen 124 -.528 -.327
Alkalinity 010 130 444
Total hardness -.055 296 417

*Correlation is significant at the 0.05 level (2-tailed)

with variation in their density ranging from 57.26 to 91.45 %,
whereas calanoids were found to be lesser in number at all sites
(ranging from 8.55 to 42.74 %) as shown in figure 3. Some
selected physico-chemical parameters of water at three fish ponds
were studied and then correlated with copepods as shown in table
1. Water temperature was found to range from 15 to 35°C at all
three sites throughout the year. In GADVASU and Galib Kalan
fish ponds, a negative correlation (r = -0.637 and -0.184
respectively) of temperature with copepod population was found,
which was significant at 0.05 level at GADVASU. Whereas in
Pandori fish pond temperature showed non-significant positive
correlation with copepod count (r =.575) as shown in table 1. In
the present study, transparency was found to be positively
correlated with copepod count at selected fish ponds with value of
r =.068 at GADVASU, r =0 .177 at Pandori and .094 at Galib
Kalan (Table 1). pH ranged from 7.42 - 9.20 at GADVASU fish
pond, 7.20 - 9.20 at Pandori fish pond and 7.43-9.20 at Galib
Kalan fish pond. In all fish ponds, correlation of pH with copepod

population was negatively correlated, with correlation coefficient
r=-0.258 at GADVASU, r=-0.079 at Pandori and r=- 0.010 at
Galib Kalan fish ponds. Electrical conductivity was positively
correlated with copepod density with value r = 0.241 at
GADVASU, r=0.175 at Pandori and r = 0.397 at Galib Kalan fish
ponds as shown in table 1. Total dissolved solids showed positive
correlation at Pandori (r=0.133) and Galib Kalan (r=.366), where
as negative correlation at GADVASU fish ponds (r =-0.088)
(Table I). Dissolved oxygen was negatively correlated with
copepod count at Pandori (r=-0.528) and Galib Kalan (r=-0.327),
and positively at GADVASU (r =0.124). Alkalinity was non
significantly positively correlated with copepod count at all fish
ponds with values of r=0.010 at GADVASU, r =0.130 at Pandori
and r =0.444 at Galib Kalan fish ponds. Total hardness was found
to be negatively correlated with copepod population at
GADVASU (r = -0.055) and positvely correlated at Pandori (r =
0.296) and Galib Kalan (r=0.417) fish ponds (Table 1).
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DISCUSSION

In the present study, copepod count showed highest peak in
the months of March and April at all selected fish ponds, however
in the month of November another small peak in the copepod
population was observed followed by a decline in December (Fig.
1). Some authors " found two peaks of zooplankton one in
August and another in February and others "” reported that the
zooplankton showed two peaks, one in May and another in
October in Halti beel. Population density of copepods in a
particular aquatic body depends on a number of physico-chemical
factors. During this study the analysis of various factors like water
temperature, secchi disk transparency, pH, electrical
conductivity, total dissolved solids, dissolved oxygen, alkalinity
and total hardness was carried out from selected fish ponds at
monthly intervals throughout the year which showed their non-
significant correlation with the copepods count, except water
temperature (Table 1). Temperature is one of the essential and
changeable environmental factor, since it influences the growth
and distribution of flora and fauna. Copepods are very sensitive
towards change in temperature and the results of present study
indicated that their optimum/moderate count was recorded when
the water temperature was found to range from 20-27°C at all the
three fish ponds (20-27°C at GADVASU, 23-26 °C at Pandori and
22-27°C at Galib Kalan). It means that the optimum suitable range
of temperature for copepod production lies between 20-27°C and
this temperature is generally found during the months of March
and April. Water temperature ranging between 13.5-32°C is
reported suitable for development of the plankton organisms.
Similar observations for zooplankton were made by different
scientists """ "' Therefore, copepod production density was
reported to be low during the winter months having very low
temperature (Jan. and Dec.) and also low during the summer
months having very high temperature (May to October). The
temperature during February was 19°C, which is also favorable
for the production of copepods, but their number was found to be
low during this time, it may be due to the fact that copepods try to
adapt a change from very low temperature in January month to
moderate temperature during the month of February. Another
twisting point in temperature is in the month of November (19-
20°C), which is also favourable for copepod production, but it
also showed less copepod count because of very high temperature
during its proceeding month (October) and very low temperature
during the proceeding month (December). This may be the reason
for the appearance of small peak in population count during the
month of November at all the fish ponds (Fig. 1). In literature the
available reports are mostly targeted on the population dynamics
of zooplankton (rarely on copepods) and their seasonal
abundance. Researchers have reported a general trend of high
zooplankton growth during summer and less during winter season
192021 "Only available report showing the differential data of
zooplankton and copepod population, indicates variable trend in
population dynamics of zooplankton and copepods, as the
number of zooplankton was found low in rainy season (July-
October) and high in winter (November-February) followed by
summer (March -April), whereas copepods were reported highest
in the summer season and lowest in winter season ' which also
supported our results of present study. Other water parameter i.e
water pH was found to be alkaline in nature throughout the year at
all sites and according to some authors ***' the pH range between
6.0 and 8.5 indicates medium productive nature, more than 8.5
highly productive and less than 6.0 low productive nature of a
reservoir.

Besides water parameters, other factors like food availability,
dormancy and predation heavily influence the mating behavior
and variations in population dynamics of copepods ** * In the
present study, all the three selected ponds were being used for
commercial fish production. Therefore, the organic fertilizers
like cow dung, poultry manure and inorganic fertilizers were used
regularly in these ponds to increase the production of
phytoplankton and zooplankton. Ponds treated with a
combination of inorganic and organic fertilizers gave a moderate
production of both phytoplankton and zooplankton “" Bhanot et
al. " have reported that organic fertilizers, especially poultry
manure treated ponds, gave a high production of zooplankton,
since it contains more N and P, which play a vital role for plankton
production * In Galib Kalan pond, fertilizers were not added
after the month of June, which may be one of the factors for the
decline of copepod population in this pond. In fish ponds, fish
number and their predatory activity may also be responsible for
the reduction in zooplankton count, because zooplankton
especially copepods serve as major food for the fish than other
zooplankton and animal larvae """ To avoid predation copepods
may undergo diapause phase “» Some copepod species show
variation in diapausing period, even in nearby located water
bodies *”* Variation found in the population density of copepods
in the present study at selected three fish ponds, thus may be due
to the effect of many factors as discussed above.

From total copepod count, mature copepods predominate
over immature one throughout the year at all the three fish ponds.
This may be due to the fact that immature copepods (nauplii and
copepodids) take very less time to achieve maturity and mature
one stay for a long period in the aquatic habitat """ Two orders viz.
calanoida and cyclopoida were identified from collected water
samples, in which cyclopoids predominate. Kocher et al. ' have
also observed the predominance of cyclopoids (55%), over
calanoids (43%) and harpacticoids (1%) in the water samples
collected from fish ponds of three districts of Punjab. Occurrence
and predominance of cyclopoids among copepods in the fish
ponds of Ludhiana, Punjab (India) highlights the significance of
this study, as the cyclopoids are known to act as potential
predators of mosquito larvae. Literature reveals that large sized
cyclopoids are voracious feeders of mosquito larvae " *" ** thus
can be utilized for the eco-friendly control of mosquitoes and
mosquito born diseases.

CONCLUSION

Water samples collected annually at monthly intervals from
fish ponds of Ludhiana district, Punjab showed highest copepod
population count during March and April months with more
number of mature copepods in comparison to the immature ones.
The present study indicated correlation of copepod density with
temperature and favorable limit was found to lie between 20-
27°C, while rest of the tested water parameters showed no
significant effect on their population.
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