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Abstract

The diurnal dynamics of the vertical distribution of zooplankton was studied in Bhoj Wetland, Bhopal.
Vertical distribution of the zooplankton community in general showed a clear diurnal variation in the water
column of a typical stratified lake. Zooplankton concentration was found to be high at the surface layer during
night hours with peak abundance around the middle of the night and another peak was observed just before
sunrise, followed by a rapid nadir after sunrise. Zooplankton can offset the loss of daytime foraging
opportunity by moving up into the water column to graze at night, when predation by visual predators is
greatly reduced and it can be also attributed to light intensity which is responsible for vertical migration during
the twenty four hour cycles. Among different classes, cladocerans and the copepod showed nocturnal
migration conversely rotifers, had a relatively uniform distribution throughout the water column Out of the
twenty three species, Bosmina species and Cyclops species ascended at night and descended during day hours,
however, Keratella cochlearis showed uniformity in distribution throughout the water column during the study.
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1 Introduction

Behaviour is an important factor in zooplankton population dynamics (Steele and Henderson, 1981; McCauley
and Murdoch, 1987). Diel vertical migration (DVM) is one of the most important behaviours of zooplankton in
terms of their structure and function in aquatic ecosystems (Ohman, 1990). The importance of light on
influencing daily vertical migration patterns has been thoroughly studied, generally showing that with
increased light intensity, downward movement occurs, and upward movement occurs during decreased light
intensity (Bollens et al., 1994; Rhode et al., 2001). There are a few proposed driving factors for this activity;
with the most commonly stated reason being predator avoidance (Zaret and Suffern, 1976; Clark and Levy,
1988; Lampert, 1989; Bollens and Frost, 1991).
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2 Materials and Methods

The observations were made during 21-22 February 2008. The samples were collected at 4 hourly intervals
over a period of 24 h, from surface (upto 1m), middle (4m) and bottom layers (7m). The various limnological
methods for physical measurements and chemical analysis of water have been described as per methods given
by APHA (1995). The numerical enumeration of zooplankton population was carried out by filtering known
volume of water from various depths through a standard net of mesh size 63um. The zooplankton samples
were preserved in 4% of formaldehyde. Identification of species was based on standard keys (Edmondson,
1959). One ml of the concentrated sample was taken in a Sedgwick-rafter counting chamber and the entire
contents were counted.

Ten liters of water were filtered and concentrated to 100 ml and were preserved by adding 2ml of 4%
formalin simultaneously. The quantitative analysis of zooplankton was done by using Sedgwick-Rafter cell
with dimensions of 50mm x 20mm x 1mm, following the method given in APHA (2000). 1ml of concentrated
sample was taken in a Sedgwick-Rafter counting cell and the entire contents were counted. The results have
been expressed as individuals/l (Wanganeo and Wanganeo, 2006).

C x 1000 mm?
AXDXE

Number of zooplankton*n” =

where C= Number of organisms recorded, A = Area of field of microscope, D = Depth of field (SRC depth) in
mm, E = Number of fields counted.

Number of zooplankton/l = n_x_Vol. of concentrate (ml)
Vol. (litres) of water filtered

3 Results

The physicochemical parameters were presented in Fig. 1. In the zooplankton composition (Table 1), 23
species were recorded; 10 species of Cladoceran (43.47%), seven species of rotifera (30.43%), three species of
Copepoda (13.04%), two species of Ostracoda (8.69%) and one species of Protozoa (4.34%).

Table 1 List of zooplankton species encountered in the
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study period.
Group/Species Group/Species
Cladocera Rotifera
Alona sp. Gastopus sp.
Alonella sp. Keratella sp.
Bosmina sp. Keratella cochlearis
Ceriodaphnia sp. Keratella tropica
Daphnia sp. Lecane sp.
Daphnia pulex Notholca sp.
Moina sp. Trichocerca sp.
Moina daphnia Copepoda
Sida sp. Cyclops sp.
Simocephalus sp. Nauplius sp.
Ostracoda Tropocyclops sp.
Cypris sp. Protozoa

Stenocypris sp.

Paramecium sp.
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Air Temp (°C) Water Temp (°C) Elect.Conductivity (uS/cm)
pH units Total Dissolved Solids (mg/I) DO (mg/l)
CO, (mg/l) Total Hardness (mg/l) Calcium Hardness (mg/l)
Magnesium Hardness (mg/l) Total Alkalinity (mg/l) Chloride (mg/l)

Fig. 1 Variation of physico—chemical characteristics of Bhoj Wetland, Bhopal.
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Fig. 2 Cladocera showing variation in a 24 hour interval among three layers.
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Fig. 3 Copepoda showing variation in a 24 hour interval among three layers.

Rotifera

8 Surface EMiddle

0 Bottom

R A A A T PP LA L A T PP AT T T T
.-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.'-'-T.‘-'-T.‘:-T.‘:-T.‘-'-T.‘-'-T.‘:-T.‘-'-T.‘-'-T.‘:i.ﬁ.ﬁ.-

e e

TATATy

"

7

EAA

14.00Hrs  18.00Hrs

N\ i

10.00Hrs 22.00Hrs 02.00Hrs  06.00Hrs  10.00Hrs

Fig. 4 Rotifera showing variation in a 24 hour interval among three layers.
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Among the three groups, during day hours Cladoceran population were mostly found in lower layers and
night hours they were found in surface layers (Fig. 2). Similarly in the Copepoda group, maximum population
were found in bottom layers during day hours while they were recorded minimum during night hours at this
layer and maximum in surface layers (Fig. 3). No significant diel variation was found in Rotiferan population
(Fig. 4).

Bosmina sp. was the most abundant species (35.79% of the zooplankton abundance in terms of density,
followed by Cyclops (19.35%), Copepod nauplii (16.28%) and Keratella cochlearis (10.75%). The other 19
species represented 18% of zooplankton population. Thus, only four species (Bosmina sp., Cyclops sp.,
Copepod nauplii, and Keratella cochlearis) were evaluated.

The vertical distribution of Bosmina sp. during the 24 h in the lake is shown in Fig. 5 & 6. At 10.00am
most individuals (50%) were found at the bottom, at 02.00pm they were mostly (85%) found also at the
bottom, at 06.00pm they were mostly found (64%) at middle layers, but at 10.00pm they were mostly located
in two layers middle and bottom layers, during the last hours of the study most of the individuals were found at
surface layers, at 02.00am (60%) and 10.00am (47%) they were noted in surface layers. Individuals of Cyclops
showed similar pattern of vertical distribution to that of Bosmina sp. (Fig. 5 & 7). At 10.00am the individuals
were distributed mainly at the middle (34%) and bottom (66%) and at 02.00pm most of the individuals were
(75%) located at bottom waters. At 06.00pm the individuals migrated towards the middle layers (51%), at
10.00pm most of the individuals were found (54%) at the bottom. However, the individuals were found at
02.00am (57%) and at 06.00am the individuals were found (55%) at the surface layers. Individuals of copepod
nauplii, the maxima of abundance was noted at 10.00am in the bottom water, at 02.00pm (71%), 06.00pm
(72%) and 10.00pm (47%) were also noted at bottom waters (Fig. 8). However, at 02.00am the whole species
were observed in the surface (100%) and last at 10.00 am (morning hours) the abundance was maxima (50%)
at bottom waters. Keratella cochlearis at 10.00am and 02.00am only one species was observed (i.e., 100%) in
bottom layers (Fig. 9), but at 02.00pm the K. cochlearis was found in the surface and middle only, the
abundance was in the middle layer (67%). At 06.00pm the abundance was in the bottom (56%) and at 10.00pm
in the middle (55%). Late night at 06.00am the species abundance was found equally distributed (33.3%) in
each layer. Finally, the maximum was found in the middle layer (75%) at 10.00am.

4 Discussion

The diurnal dynamics of the vertical distribution of zooplankton was studied in Bhoj Wetland, Bhopal.
Vertical distribution of the zooplankton community in general showed a clear diurnal variation in the water
column of a typical stratified lake. Temperature, oxygen concentration, light, predation and the distribution of
food are some of the factors that influence the vertical distribution of zooplankton species (Gophen, 1972;
Orcutt and Porter, 1983; Geller, 1986; Levy, 1990; Hanazato, 1992). We found in our study that copepod
nauplii almost stayed at the bottom layer, same findings were reported by Wetzel (2001), copepods during
winter can create resting eggs or enter diapause and stay near the bottom of the lake. The zooplankton
concentration at the surface layer was high only during the night hours and bottom during day hours.
Zooplankton can offset the loss of daytime foraging opportunity by moving up into the water column to graze
at night, when predation by visual predators is greatly reduced (Zaret and Suffern, 1976; Iwasa, 1982). For
lakes where DVVM occurs, most organisms move into the upper layers of the water column in the evening, with
peak abundance around the middle of the night. Individuals then descend slowly and rise again, with another
peak usually occurring just before sunrise, followed by a rapid descent after sunrise (Pennak, 1944; Wetzel,
1975; Schleuter and Eckmann, 2006). Overall zooplankton abundance of 651lindividuals/l was found similar to
those found in Lake Okeechobee by Beaver and Havens (1996) and in Lake Mize by Nordlie (1976). Raotifer,
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Copepoda and Cladoceran species composition were similar to those found in Lake Monroe by Yount and
Belanger (1988). The vertical distribution of zooplankton is regulated by both biotic and abiotic factors such as
temperature, oxygen, food availability, interspecific competition and predation (Dumont, 1972; Kerfoot et al.,
1985; Bosselmann and Riemann, 1986). During the present study, Bosmina species were abundant at depth
layers during day hours, because the bosminids are the main food item for roach (Horppila, 1994a), which is
active by day (Persson, 1983; Jamet et al., 1990) and concentrates at depth in the pelagic zone, (Peltonen and
Horppila, 1992). The water temperature fluctuated between 21°C and 15°C and dissolved oxygen 9.6mg/l to
3.0mg/l from surface to bottom. Numerous studies have shown that physical or chemical gradients (e.g.,
temperature, dissolved oxygen) may restrict the distribution of predators and that such boundaries may play a
role in reducing the mortality of cladocerans (Zaret, 1975; Confer et al., 1978; Lampert, 1987; Shapiro, 1990;
Wright and Shapiro, 1990). Cladocerans can tolerate concentrations below 1 mg/l (Prepas and Rigler, 1978
and Murtaugh, 1985). However, their feeding rate is rapidly reduced at oxygen levels below3 mg/l (Heisey and
Porter, 1977). The relation of Bosmina species and the physical environment is more elusive, since we found a
significant (inverse) relation between oxygen and abundance only after the descending phase during the
reverse DVM. In our study we found that Keratella cochlearis were uniform throughout the column, same
findings were reported by Paggi (1995), the vertical migration of rotifers, found that they had a relatively
uniform distribution throughout the water column. Of the three types of vertical migration behaviours
described by Hutchinson (1967), nocturnal, twilight and reverse, the first type was the only one observed for
the cladocerans and the copepod herein. Nocturnal migration is described as the movement of individuals from
deeper to superficial layers at night (Hutchinson, 1967) and, according to Bayly (1986), represents the typical
type of vertical migration exhibited by most zooplanktonic species. The species that showed vertical patterns
of migration were bigger than the ones that did not. These larger species are more susceptible to being detected
and eaten by diurnal predators, who use sight to detect and capture their prey (lwasa, 1982). Thus, during the
day zooplanktonic individuals tend to stay on the bottom where light penetration is low or absent, and at night
and dawn they migrate to the surface where food concentration is higher and predation is minimum. For the
smaller species, the problem of being detected is less significant and this may explain why the rotifers showed
a more homogenous distribution.
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