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Abstract: The zooplankton and physicochemistry of Ehoma lake were studied from March 2005 to August 2006 in order to evaluate seasonal
trend in species composifion and abundance in relation to water quality, Forty two (42) species of rotifers dominated by Keratellatropica fropica
were encountered. Species fichness declined by nearly 50% from dry season values during the rainy season. Species richness was higher in
the littoral zone during the dry season, the reverse was the case during the rainy season. Species abundance followed similartrend as species
richness. Abundance was closely associated with dissolved oxygen, biological oxygen demand and width ofthe lake and these in tum varied
significantly between seasons. Shannon-Weaver diversity varied from 2.2 to 3.8 bit ind.”" and significantly between seasons (p < 0.05).
Anuraeopsis havicula navicula and Euchlanis dilatata dilatata Ehrenbreg were the only species gained during the flood periods.
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Introduction

Rotifers are very important components of aquatic
ecosystems, due to their resilience and ability to renew population
within a short time interval. They can adapt to a wide range of
environmental conditions (Aoyagui and Bonecker, 2004; Contreras
etal,, 2009; Shayestehfar et al., 2008). Recent studies have shown
that diversity and abundance of rotifer are sensitive to changes in
limnological variables like dissolved oxygen, flood pulses, lake
morphometry, pH and connectivity. Over 200 species of rotifers
have been identified by different authors in differentinland Nigerian
waters (Segers et al., 1993; Egborge, 1993; Akinbuwa and Adeniyi,
1996) although relatively few of Nigerian Inland waters have been
studied.

High abundance and species richness are common in
floodplain lakes (Segers, 1993) where they transfer primary
productivity to organisms higher in the food chain (Vasquez etal.,
1998). However, due to significant seasonal variation in important
environmental variables of Flood plain lakes, there is usually
concomitant variability in species richness and abundance of rotifers
inthese lakes.

Ehoma lake is located in the Cross River floodplain which is
considered one of the mast productive regions in Nigeria. The
fisheries productivity of the Cross River is well known (King, 1996)
and it is highly dependent on the successful breeding of fecund
fishes in the Flood plain lakes. However, little is known of the
zooplankton of the lakes of Cross River floodplain in spite of their
role in sustaining the fisheries of the Cross River. This study is
therefore undertaken in order to assess the spatial and seasonal
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changes in rotifer species composition andabundance in relation to
variability in water quality.

Materials and Methods

The study area (Ehoma lake) is located in the middle Cross
River floodplain. It lies at 5°48' N, 7°58' E and an altitude of 50 m
above sea level. It is not directly connected to any river but benefits
from seasonal flooding by the Cross River during the rainy season.
The water level varies between 1.3 and 7.0 m. The lake is fished
annually in February. The climate of the region is tropical (Moses,
1979). There are two seasons in a year in the area which can be
distinguished into dry (November to April) and rainy (May to
QOctober). The catchment area of the lake is agricultural land but
recent development of unplanned towns near the lake couldlead to
insidious deposition of sewage in the lake.

Samples for zooplankton and physicochemical analysis
were collected monthly from the littoral and pelagic stationsin Ehoma
lake between March 2005 and August 2006. Temperature, pH,
dissolved oxygen (DO), conductivity and total dissolved solids
(TDS) were measured in situ using portable Hannan field metres.
Transparency was determined using secchi disc. Biological oxygen
demand (BOD) was determined according to the methods of APHA
(1992) and the width of the lake was measured using a calibrated
line. Ateach station, zooplankton was collected by three horizontal
tows over a distance of 100 m using 0.5 m diameter (45 um mesh
size) net. The three samples were pooled and preserved in 4%
formalin. The taxonomic keys of Koste (1978), Segers (1993) and
Segers et al. (1993) were usedin Rotifera identification. Quantitative
estimate of zooplankton was done under Olympus light microscope
at 100x magnification using the sedwick-rafter counting chamber.
Five sub-samples of 1 ml each were usually counted from each
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collected sample and the mean density used to compute abundance.
At least 100 individuals of rotifers were countedin order to reduce
the coefficient of variation to a maximum of 10%.

Results and Discussion

Environmental variables: All the measured environmental
variables varied significantly between seasons (p < 0.05) with the
exception of BOD (Table 1). However, BOD was the only variable
that varied significantly between stations (p< 0.05). Dissolved oxygen
ranged from 0.8 to 8.0mg I in the littoral station and 0.5t0 8.7 mg I
in the pelagic station (Table 1). The measured oxygen corresponded
to 3-117% saturation values and mean values were lower in the
rainy than the dry season and at the littoral than the pelagic zone.
The pH of the lake throughout the study period ranged from between
5.6 and 6.9. Conductivity and TDS were low and values were
generally higher at the pelagic zone (Table 1). The width of the lake
varied from 273.1 to 469.1 m, with higher values during the rainy
season.

Species composition and abundance: Rotifers were
representedby 42 species belonging to two orders and 11 families
(Table 2). Brachionidae (17 species) and Lecanidae (10 species)
were the dominant families. The most frequently observed genera
were Brachionus, Keratella and Lecane. The greatest number of
species was observed in the littoral zone during the dry season.
Contrarily, the lowest number of species was also in the littoral
during the rainy season (Fig. 1a). Species richness showed the
greatest level of variability between seasons in the littoral zone
where about 50% of the species observed during the dry season
disappeared during the rainy season. Inter season variability in
species richness was remarkable in the pelagic zone. Only 21 of the
40 species encountered in the dry season were seen in the rainy
season. However, Lophocharis oxysternon Gosse, Brachionus
angulans Gosse, Lecane aegana Harring, Lecane clara Bryce,
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Lecane tryphema, Trichocerca elongata tchadiensis Pourriot,
Hexarthra mira mira Hudson and Macrochaetus sericus Thorpe
though rare were able to maintain the same population status in both
seasons. Asplanchena herricki De Gueme was encounteredin the
pelagic zone during the dry season only. Anuraeopsis navicula
navicula and Euchlanis dilatata dilatata Ehrenbreg were only
encounteredin the littoral zone during the rainy season.

Rotifer abundance showed similar trend both spatially and
seasonally. The highest abundance values were in the littoral zone
during the dry season. Like species richness, between season
variability in abundance was higherin the littoral zone compared to
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Fig. 1: Seasonal variations in rotifer abundance (a) and species richness
(b) inthe littoral and pelagic zone of Ehoma lake
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Fig. 2: Seasonal variation in Shannon-Weaver diversity in the littoral and pelagic zones of Ehoma lake
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Table - 1: Mean of 36 samples, standard error (SE), minimum (min.) and maximum (max.) values of some environmental variables in the littoral and
pelagic zones of Ehoma lake

Littoral Pelagic
Parameter Mean SE Min. Max. Mean SE Min. Max.
Rain (mm) 3929 264.2 298 875
Transperancy (m) 0557 0.345 01 1.2 0514 0414
Depth (m) 11 05 02 42 209 1.156
pH 6.456 0317 56 6.8 6.467 0.281
DO (mg 1) 4078 2074 08 8 5.083
DO (% sat) 4533 30.16 3 17 60.28
Conductivity (1S) 22.89 7615 1 2 28.56
TDS (mg ") 1078 3639 8 2 1283
Water temperature (°C) 30.57 3252 251 36.7 30.94
BOD (mg I'') 3283 1.253 04 57

Width (m) = i i -
DO = Dissolved oxygen, TDS = Total dissolved solid, BOD = Biological oxygen demand

Axis 2 (12.16%)

Axis 1(20.12%)
Fig. 3: Biplotof CCA analysis of selected rotifer species and environmental variables +species, A months
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Table - 2: Identified rotifer population in the dry and rainy seasonsin Ehoma lake

Taxa Season

Dry Rainy

Order: Ploima

Family: Asplanchnidae

Asplanchena herricki De Guerne, 1850
Family: Branchionidae

Anuraeopsis navicula navicula Rousselet, 1910
Brachionus angularis Gosse, 1851

Brachionus calyciflorus calyciflorus Pallas 1776
Brachionus calyciflorus dorcas Gosse, 1883
Brachionus caudatus Barrois and Daday, 1894
Brachionus urceolaris bennini O. F. Muller, 1786
Branchionus dimidiatus Bryce

Branchionus leydigi rotundus Rousselet, 1907
Branchionus plicetilis var asplanchnoides O.F. Muller, 1786
Kellicottia longispina longispina Kellicott, 1896
Keratella americana Carlin, 1943

Keratella hiemalis Carlin

Keratella quadrata O. F Muller, 1786
Keratellaticinensis Callerrio, 1920
Keratellatropica tropica Apstein, 1907
Keratellatropica var reducta Fadeew

Keratella valga Ehrenberg, 1834

Family: Colurellidae

Lepadella ovalis Muller, 1786

Lophocharis oxysternon Gosse

Family: Euchlanidae

Euchlanis dilatata dilatata Ehrenbreg, 1832
Family: Lecanidae

Lecane acronychal Hauer and Murray, 1913
Lecane aeganaHarring

Lecane candidaHauer and Murray

Lecane claraBryce

Lecane elongata Hauer and Murray

Lecane leontina Turner, 1892

Lecane lunaMuller, 1776

Lecane papuana Murray, 1913

Lecane tenuisetaHarring, 1914

Lecane tryphema

Family: Synchaetidae

Polyarthra dolichopteraldelson, 1925
Polyarthra vulgaris Carlin, 1943

Family: Trichocercidae

Trichocerca cylindrica Imhof, 1891

Trichocerca elongata tchadiensis Pourriot, 1968
Trichocerca similis Hauer, 1965

Order: Conochilidae

Family: Filinidae

Filinia longiseta Ehrenberg, 1834

Filinia opoliensis Zacharias, 1898

Family Hexarthridae

Hexarthra mira mira Hudson, 1871

Family: Testudinellidae

Testudinella emaginula Stenroos

Family: Trichotriidae

Macrochaetus collinsis var braziliensis Gosse
Macrochaetus sericus Thorpe

-=Absent, T =Rare, 1T =Frequent, 111 =Abundant
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the pelagic zone (Fig. 1b). Unlike species richness, abundance
only varied significantly between season and not between stations
(p < 0.05). The dominant species during the dry season were
Keratella tropica tropica Apstein, Brachionus calyciflorus Gosse,
Keratella quadrata and Brachionus caudatus although only
Keratella tropica tropica maintained predominant status during the
rainy season. Abundance was higher in the pelagic than in the
littoral zone during the rainy season. The reverse was the case in
the dry season.

ANOVA results showed that Shannon-Weaver diversity
index varied significantly between seasons (p<0.05) with the highest
values during the rainy season (Fig. 2). Shannon index values
were high in both seasons and zones. Most of the identified species
are cosmopolitan and have been previously seen in other Nigerian
inland waters (Bedwell and Clarke, 1977; Onwudinjo and Egborge,
1994; Akinbuwa and Adeniyi, 1996; Akin-Oriola, 2003). In
comparisen to other inland Nigerian waters, the rotifer community
sfructure tends to show marked dissimilarity. While the, rivers Sokoto
and Osun were dominatedby Brachionus falcatusand B. caudatus
(Egborge, 1974, Green, 1960), the rotifer of the lake was dominated
by Keratella tropica tropica. This dissimilarity may be attributed to
the difference in water chemistry between the lake and the other
water bodies. Species-environment relationship evaluated using
canonical correspondence analysis (CCA) showed a high
association between rotiferand water chemistry. The dominance of
Keratella tropica has also been recorded in the Benin River (a
costal river). K. tropica is known to have a wide salinity tolerance
range and is often abundant in coastal rivers and lagoon. Its
predominance in Ehoma Lake may be attributed to the link between
the lake and the Cross River which in turn is connected to the
Atlantic Ocean.

The first three axes of the canonical correspondence
analysis (CCA) explained 40.5% of zooplankton-environment
relationship (Fig 3). The first axis was negatively correlated with
oxygen (r =-0.65), temperature (r = -0.41), BOD (r =-0.90) and
conductivity (r = -0.42) but positively with width (r = 0.56). The
second axis was positively correlated with oxygen (r = 0.36),
conductivity (r = 0.35) and width (r = 0.37). The dry season was
characterized by high BOD, oxygen and temperature and smaller
lake width, whereas abundance and diversity were high especially
Brachionus and Keratella. In the rainy season, oxygen was low,
the width of the lake expanded by nearly twice the dry season
value, BOD highly variable and temperature was high. During this
period, species richness decreased by nearly 50% and rotifer
density was low. Only Keratella tropicamaintained high population
during the rainy season.

Seasonal and spatial distribution in rofifers population
inversely correlated with rainfall. During the rainy season over 20
species were lost from littoral zone. Decline in species richness
during flood periods may be due to the washing-off of the rotifers by
influent river water. The flood waters may have carried some of
these species to the pelagic zones or to other lakes and river
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connected to Ehoma during the flood period. Aoyagui and Bonecker
(2004) recorded high species richness of rotifer in Upper Parana
River during flood periods. They observed that over 71% of these
species were from lakes connected to the river. Therefore, rivers
are acknowledged as agents of species distribution in floodplain
ecosystems (Green, 1975). It is therefore possible that Anuraeopsis
navicula navicula and Euchlanis dilatata dilatata Ehrenbreg
encountered in the littoral zone during the rainy season were
brought in by influent river water. Since these species probably
lacked the numerical strength to compete with other rotifers during
the dry season and they were unable to establish.

Low rofifer population density during the rainy season may
be attributed to turbulence generated by floods during this season as
suggested by (Green, 1960; Khan and Ejike, 1984; Egborge, 1974).
Itis also possible that migration to the pelagic region may have also
caused low density in the littoral zone as well as unfavourable
competition with cladocerans. Concurrent samples taken within the
same period showed high cladoceran population in the littoral region
during the rainy season.

In conclusion the species richness and abundance of rotifers
were greatly influenced by seasonal flooding of the lake, diversity
and density were greatly reduced during the flood period. Although
a few species were gained during the flood period species loss was
higher than species gain leading to decline in species by nearly
50%in the littoral zone.
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