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in Ehoma Lake, a floodplain lake in Nigeria
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Abstract: Ehoma Lake is among the important breeding sites of the major fishes in the Mid-Cross River,
Nigeria. The juveniles of these fishes are solely dependent on zooplankton, which has not been studied previ-
ously. I studied monthly the lake’s physico-chemical variables and zooplankton composition in three stations
(littoral, sub-littoral and pelagic) from March 2005 to August 2006. Sixty-seven zooplankton species (42 rotifers,
19 cladocerans and 6 copepods) were identified. Daphnia obtusa Kurz, Keratella valga Ehrenberg, Keratella
ticinensis Callerrio, Keratella hiemalis Carlin, Brachionus dimidiatus Bryce and Lecane candida Hauer and
Murray are new records for Nigeria. The dominant zooplankters were Diaphanosoma excisum Kurz and Moina
micrura Kurz. There was an inverse relationship between species richness and abundance. Richness was highest
in the dry season while peak zooplankton abundance was recorded in the rainy season. Zooplankton abundance
and species richness decreased progressively from the littoral to the pelagic station while the Shannon-Weaver
diversity index varied from 0.68 to 1.28 without a clear seasonal trend. There is a succession pattern: rotifers
that are dominant in the dry season are replaced by cladocerans in the rainy season. This succession was greatly
influenced by seasonal flooding of the lake. As no previous information on the zooplankton of the lake is avail-
able, this study provides baseline data on the lake's zooplankton. Rev. Biol. Trop. 58 (1): 171-182. Epub 2010

March 01.
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Zooplankton organisms are identified as
important components of aquatic ecosystems.
They help in regulating algal and microbial
productivity through grazing and in the trans-
fer of primary productivity to fish and other
consumers (Dejen et al. 2004). By grazing
on phytoplankton and bacteria they help in
improving water quality. Therefore, zooplank-
ton are considered indicators of water qual-
ity (Pinto-Coelho et al. 2005). However, the
responses of zooplankton to water quality
variation are ecosystem and species dependent
and vary within and between lakes (Ravera
1996). Studies on Nigerian and other tropical
zooplankton include Bidwell & Clarke (1977),
Jeje & Fernando (1986), Egborge ef al. (1994),

Uku & Mavuti (1994), Akinbuwa & Adeniyi
(1996), Aoyagui & Bonecker (2004), Mwe-
baza-Nadwula ef al. (2005), Mergaey et al.
(2006). High species richness and abundance
are known to occur in floodplain lakes (Serger
et al. 1993) and this is crucial to sustainable
fish productivity of adjoining rivers. Fishes of
floodplain rivers are known to migrate season-
ally to floodplain lakes to breed. The juveniles
of some these fishes are obligate zooplankti-
vores (Mwebaza-Ndawula 1994) and depend
solely on zooplankton for their survival.
Several limnological studies in the tropics
have shown that the zooplankton of floodplain
lakes are highly responsive to changes in
environmental variables that include dissolved

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 58 (1): 171-182, March 2010 171



oxygen (Aka et al. 2000), pH (Gilbert 1988),
flood pulse, environmental morphometry, con-
nectivity and lake width and depth (Masundire
1994, Dejen et al. 2004). The species composi-
tion and richness of zooplankton in floodplain
lakes vary remarkably between seasons in
response to changes in these environmental
variables. Seasonal flooding of these lakes
tends to bring about environmental changes
which ultimately influence the biotic inter-
actions between populations of floodplains
(Aoyagui & Bonecker 2004). Studies on other
tropical floodplains associate peak zooplank-
ton population with rainy season (Masundire
1994).

Information on the zooplankton of the
Cross River floodplain lakes is rarely avail-
able despite their role in supporting the boom-
ing fish and shrimp productivity of the Cross
River. This study was therefore undertaken to
(i) provide a baseline data on the zooplankton
of Ehoma Lake and (ii) examine spatial and
seasonal variations in species composition and
abundance of the lake’s zooplankton.

MATERIALS AND METHODS

Study site: 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 50m
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 7.0m. The
lake is fished annually in February. The climate
is tropical and details can be found in Moses
(1979) and Okogwu (2008). Four seasons can
be distinguished into dry (December to March),
pre-rainy (April-May), rainy (June-September)
and post-rainy (October-November).The catch-
ment area of the lake is agricultural land but
recent development of unplanned towns near
the lake could lead to insidious deposition of
sewage in the lake.

Sampling: Samples for zooplankton
and physicochemical analysis were collect-
ed monthly from three stations in Ehoma

Lake between March 2005 and August 2006.
Samples were collected from the littoral, sub-
littoral and pelagic stations. Temperature, pH,
Dissolved Oxygen (DO,), percentage satura-
tion of oxygen (% O,), conductivity and Total
Dissolved Solids (TDS) were measured in situ
using portable Hanna field metres. Transparen-
cy was determined using secchi disc. Biologi-
cal Oxygen Demand (BOD) was determined
according to the methods of APHA (1992).
At each station, zooplankton was collected by
three horizontal tows over a distance of 100m
using 0.5m diameter (45um mesh size) net.
The three samples were pooled and preserved
in 4% formalin. The following taxonomic
keys were used in zooplankton identification:
Rotifera (Koste 1978, Segers 1993, Segers,
et al. 1993), Cladoceran (Jeje & Fernando
1986, Korovchinsky 1992), Copepoda (Jeje
1988, Williamson 1991, Ueda & Reid 2003).
Quantitative estimate of zooplankton groups
was done under the light microscope at 100x
magnification. Five sub-samples of 15ml each
were usually counted from each collected
sample and the mean density used to compute
abundance. All the crustaceans in the sample
were counted as recommended by Downing
& Rigler (1984). At least 100 individuals of
rotifers and developmental stages were counted
in order to reduce the coefficient of variation to
a maximum of 10%.

Two-way ANOVA was used to analyse sta-
tistical difference in species richness and abun-
dance of zooplankton between stations (littoral,
sub-littoral and pelagic) and seasons (dry, pre-
rainy, rainy and post-rainy). Shannon-Weaver
index (Shannon & Weaver 1949) and species
richness (total number of species encountered
in a sample) were used to determine diversity.

RESULTS

Environmental data: Conductivity and
Total Dissolved Solids (TDS) were low, rang-
ing from 11 to 42uScm™ and 5 to 20mgL-!
respectively. These decreased in value from
littoral to pelagic station and dry to the rainy
season (Table 1). The pH showed minor
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TABLE 1
Mean, minimum and maximum values of selected environmental parameters at Ehoma Lake

Variables Mean +=SD
pH 6.4620.31
DOX (%) 45332931
Conductivity (uScm™!) 22.89+7.41
TDS (mgL™") 10.78+3.51
BOD (mgL") 431£1.30

Month
Range .. .
Minimum Maximum

5.6-6.8 Feb Aug
3-102 Jun Dec
11.0-42 Jun Mar
5.0-20 May Mar
3.4-7.6 Jun May

Values are derived from mean monthly values in the three stations

fluctuation from 5.6 to 6.8, pH increased from
dry to rainy season and from littoral to pelagic
station. The lake water was turbid; Secchi disc
transparency increased with increase in rainfall
from 0.1-1.2m, with highest and lowest values
in October 2005 and March 2005 respectively.
Water temperature decreased from 31.7°C dur-
ing the dry season to 25.1°C in the rainy sea-
son. Similarly, Dissolved Oxygen (DO) and
Biological Oxygen Demand (BOD) decreased
from dry to rainy season. Dissolved Oxygen
showed remarkably significant seasonal varia-
tion (F=4.5, p<0.01) with critical low value of
0.8mgL"! during the rainy season in the littoral
station (Fig. 1). Spatially, dissolved oxygen,
temperature and BOD increased from the lit-
toral to the pelagic station.

Species Composition: Sixty-seven (67)
zooplankton species were encountered in the
lake, amongst these are 42 rotifers, 19 clado-
cerans and 6 copepods (Table 2). Most of the
rotifers were rare and seen in samples collected
during the dry and post-rainy seasons only with
the exception of Brachionus calyciflorus caly-
ciflorus Pallas, Brachionus caudatus Barrois
and Daday, Keratella quadrata O. F Muller
and Keratella tropica tropica Apstein. The
rotifers mainly the Brachionidae and Lecanidae
were numerically dominant during the dry, pre-
rainy and post-rainy seasons when dissolved
oxygen and temperature was high. They also
recorded the highest number of species during
these periods with peak values during the dry
season in three stations. Conversely the species

richness and density of cladocerans were low
during the dry season. Peak cladoceran density
was attained during the rainy season when they
attained predominant status. During this sea-
son, Moina micrura Kurz and Diaphanosoma
excisum Sars were co-dominant and the densi-
ties of rotifers and copepods were very low.
The copepods as a group rarely dominated the
zooplankton of the lake but attained maximum
and minimum numerical values in the three
stations during the dry and rainy season respec-
tively. One cladoceran (Daphnia obtusa Kurz)
and five rotifers (Keratella valga Ehrenberg,
Keratella ticinensis Callerrio, Keratella hiema-
lis Carlin, Brachionus dimidiatus Bryce and
Lecane candida Hauer and Murray) are new
records for Nigeria and were identified in sam-
ples collected in the littoral station. Daphnia
obtusa Kurz was seen in samples taken during
the rainy season only.

Seasonal trends: Seasonal variations in
the density of major zooplankton groups, spe-
cies richness and diversity showed similar
trends in the three stations. Species richness
declined in value from the littoral to pelagic
station and from dry to rainy season (Fig. 2).
The highest species richness (66) was recorded
during the dry season in the littoral station
while the lowest number (29) was recorded
during the rainy season in the pelagic station.
Species richness varied significantly between
season and stations (F=4.58, p<0.01). In con-
trast to species richness, peak zooplankton
abundance was attained during the rainy season
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Fig. 1. Seasonal variation in temperature, Dissolved Oxygen (DO) and transparency in the three stations.
Sergio: a esta figura 1 habria que corregir la unidad de Dissolved oxygen a mg/L por favor

in all the stations and minimum values during
the post-rainy seasons. However, inter-station
variation in abundance followed a similar trend
as species richness with decline in zooplank-
ton population from littoral to pelagic stations
(Fig. 3). Total zooplankton abundance did not
vary significantly between stations (F=0.09,
p<0.05) but varied significantly between sea-
sons (F=5.29, p<0.03). The highest total abun-
dance (>11370 ind.L!) was recorded during
the rainy season in the littoral station and the
lowest (2500ind.L"") occurred in the pelagic
station during the post-rainy season. High total
abundance values during the rainy season were
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associated with numerical dominance of the
cladocerans. Cladocerans accounted for over
58% of zooplankton population in all the sta-
tions during the rainy season. The cladocerans,
Moina micrura and Diaphanosoma excisum
were co-dominant in the lake. Peak values
attained by these species during the rainy sea-
son declined rapidly during the post-rainy
season to the lowest level during the dry season
(Fig. 4). Amongst the rotifers, the perennial
species, Brachionus calyciflorus calyciflorus
Pallas, Brachionus calyciflorus dorcas Gosse,
Keratella quadrata O. F Muller and Keratella
tropica tropica Apstein displayed remarkable
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TABLE 2

Occurrence of zooplankton in four seasons in Ehoma Lake

Taxa

Rotifera

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 plicatilis var asplanchnoides O. F. Muller, 1786
Kellicottia longispina longispina Kellicott, 1896
Keratella americana Carlin, 1943

Keratella hiemalis Carlin

Keratella quadrata O. F Muller, 1786
Keratella ticinensis Callerrio, 1920

Keratella tropica tropica Apstein, 1907
Keratella tropica var reducta Fadeew

Keratella valga Ehrenberg, 1834

Lophocharis oxysternon Gosse

Family: Euchlanidae

Euchlanis dilatata dilatata Ehrenbreg, 1832
Family: Lecanidae

Lecane acronychal Hauer and Murray, 1913
Lecane aegana Harring

Lecane candida Hauer and Murray

Lecane clara Bryce

Lecane elongata Hauer and Murray

Lecane leontina Turner, 1892

Lecane luna Muller, 1776

Lecane papuana Murray, 1913

Lecane tenuiseta Harring, 1914

Lecane tryphema

Family: Synchaetidae

Polyarthra dolichoptera Idelson, 1925
Polyarthra vulgaris Carlin, 1943

Family: Trichocercidae

Trichocerca cylindrica Imhof, 1891

Trichocerca elongata tchadiensis Pourriot, 1968
Trichocerca similis Hauer, 1965

Order: Conochilidae

Family: Filinidae

Family Hexarthridae

Hexarthra mira mira Hudson, 1871

Family: Testudinellidae

Testudinella emaginula Stenroos
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TABLE 2 (Continued)
Occurrence of zooplankton in four seasons in Ehoma Lake

Taxa . Season . .
Dry Pre-Rainy Rainy Post rainy

Family: Trichotriidae

Macrochaetus collinsis var braziliensis Gosse T - - T
Macrochaetus sericus Thorpe T - T -
Nauplii

Cyclop nauplii Tt T T F
Calanoid nauplii Tt T T ¥

Order Cladoceran

Family: Bosminidae

Bosmina longirostris O. F. Muller, 1785 T T T il
Family Chydoridae

Alonella excisa excisa Fischer, 1854 - T - -
Alona costata Sars, 1862 - 1 T ¥
Alona quadrangularis O. F. Muller, 1785 - T -

Alona rectangula Sars, 1862 - T - -
Alona sp. T T - ¥
Chydorus sphaericus O. F. Muller, 1785 T T T ¥
Euryalona orientalis Daday, 1898 T T i T
Family: Daphnidae

Ceriodaphnia dubia Richard, 1894 - Tt T T
Leberis sp. - Ff T F
Family: Macrothricidae

Ilyocryptus spinifer Herrick, 1892 - i i I
Macrothrix sp - + T T
Macrothrix triserialis Brady, 1848 ¥ ¥ T
Family: Moinidae

Moina dubia Richard, 1874 - i - -
Moina micrura Kurz, 1874 ¥ T+ Tt Tt
Family: Sididae

Diaphanosoma excisum Sars, 1885 t T 1 T
Diaphanosoma sarsi Richard, 1895 ¥ T T T
Order: Calanoida

Family: Diaptomidae

Tropodiaptomus incognitos Dussart and Gras, 1966 Tt ¥ T T
Tropodiaptomus processifer Kiefer, 1927 ¥ T ¥ T
Order: Cyclopoida

Family: Cyclopidae

Mesocyclops bodanicola Keifer, 1928 it T T Tt
Mesocyclops leuckarti Claus, 1857 it T T 1
Thermocyclops decipiens Kiefer, 1929 1T T T T
Thermocyclops neglectus Sars, 1901 Tt Tt T T+

— = not found; { = rare; 11 = frequent; 71 = abundant.
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Fig. 3. Seasonal variations in zooplankton abundance in the three stations of Ehoma Lake.

density peak during the dry season. The popula-
tions of these species declined gradually during
the post-rainy season to attain the lowest level
during the rainy season and gradually increased
again during the post-rainy season. Lecane
leontina Turner, Filinia opoliensis Zacharias,
Trichocerca cylindrica Imhof and Trichocerca
elongata tchadiensis Pourriot though perennial
maintained very small populations throughout
the study.
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The copepods attained peak values during
the dry season when Thermocyclops neglec-
tus Sars was predominant. The timing and
attainment of maximum increases was similar
in the three stations. Maximum dry season
values were accompanied by gradual decline
in population to the lowest values during the
post rainy season. As shown in Fig. 5, diver-
sity values did not show significant (P=2.18,
p<0.05) important fluctuations but monthly
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variations resulted in higher mean diversity
during the rainy season when the cladocerans
were dominant.

DISCUSSION

In this study, 42 rotifers, 19 cladocerans
and 6 copepods species were identified. Domi-
nance by rotifers is characteristic of tropical
lakes and this has been reported in the studies
of Bidwell & Clarke (1977), Egborge (1981)
and Mwebaza-Nadwula (2005). Lecanidae and
Brachionidae are usually represented by the
highest number of species and the frequent-
ly encountered genera include Brachionus,
Lecane and Keratella (Aoyagui & Bonecker
2004). Identification of new rotifer and clado-
ceran species underscores the importance of
regular studies of the zooplankton of tropical
freshwater and keeps faith with the prophetic
statement of Dumont (1994) that as the number
of studies on tropical waters increase there will
be commensurate increase in the number of
species.

Peak in total zooplankton abundance was
recorded during the rainy season (June-Sep-
tember). Population peaks in rainy seasons
have also been reported by Saint-Jean (1983),
Masundire (1994) and Okogwu & Ugwumba
(2006). This coincided with the period of low
temperature and flooding of the lake. Sea-
sonal flooding of the lake may have contributed
positively to zooplankton population growth
in three ways; firstly, the influent water is
likely to bring in nutrients from the river and
drained agricultural land and also help in mix-
ing autochthonous nutrients amongst the differ-
ent strata of lake. These nutrients will trigger
off increase in phytoplankton production and
consequently zooplankton productivity. Sec-
ondly, the flood waters may also inoculate the
lake with riverine zooplankton and species
recruited from other flooded lakes and ponds
within the Cross River floodplain systems (as
most the ephemeral ponds and lakes within the
middle Cross River were flooded at the same
time). This may be responsible for the brief
appearance of Alonella excisa excisa Fisher,

Alona quadrangularis O.F. Muller, Alona rect-
angular Sars, Daphnia obtusa Kurz and Moina
dubia Kurz in the littoral station during the
flood period. These species may have been
transported from other lakes within the Cross
River floodplain and were unable to establish
themselves in limnetic zone. Hence the species
richness of cladocerans was more inflated by
flooding than any other group. Thirdly, influent
waters are likely to bring in cooler waters from
the river. Low water temperature and other
environmental conditions are prerequisites to
the hatching of resting cladoceran eggs in
natural water (Mergeay et al. 2006). Further-
more, during the rainy season, the littoral zone
is expanded by over 500% in area. This could
also lead to hatching of resting zooplankton
eggs deposited in previously dry land. This
third factor may explain the dominance of the
cladocerans during the rainy season. Dejen et
al. (2004) attributed the dominance of clado-
cerans in Lake Tana to the rapid hatching of
resting egg.

The dominance of cladocerans during the
rainy season may be ascribed to multiple fac-
tors that include low water temperature, high
nutrient condition, food availability and hatch-
ing of egg. Under optimum environmental
conditions, cladocerans tend to out-compete
the rotifers (Gilbert 1988). As water qual-
ity deteriorated and temperature and acidity
increased during the dry season, the population
and species richness of cladocerans declined.
This relieved the suppressed rotifer population
leading to their predominance during the dry
season. Rotifers and small copepods are known
to be more tolerant of adverse environmental
conditions than the cladocerans (Auclair et al.
1993, Hannson et al. 2007). However, acid-
iophilic cladocereans like Moina micrura and
Bosmina longirostris were persistent during the
dry season.

Seasonal succession of zooplankton com-
munities in the tropics has been attributed to
a number of factors such as the environmental
characteristics of the water, predation, quality
and quantity of edible algae and competition
(Onwudinjo & Egborge 1994, Ovie & Adeniji
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1994). A succession pattern where cladocerans
dominate during the rainy season is typical of
Nigerian inland waters such as Asejire Lake
(Egborge 1981) and Lamingo dam (Khan &
Ejike 1984). Onwudinjo & Egborge (1994)
attributed low rotifer density during the rainy
season to the negative influence of turbulent
flood waters. It is very unlikely that low rotifer
density during the wet season in this study was
due to turbulent flood waters, rather a more
plausible explanation is that predation and
unfavourable competition with the cladocerans
were responsible for low rotifer population.
Nevertheless, Brachionus calyciflorus caly-
ciflorus Pallas and Keratella tropica tropica
Aspein were able to maintain high population
during the wet season suggesting that they are
resistant to suppression by the cladocerans.

The lowest zooplankton abundance was
recorded during the post-rainy season (when all
the zooplankton groups had very low values).
The main reason for this is not immediately
known but we believe that predation by juve-
nile fish may have contributed to the decline
in zooplankton. Concurrent samples taken
showed high density of the juveniles of Oreo-
chromis niloticus and Clarias spp. during the
post-rainy season (Okogwu 2008). The juve-
niles of Oreochromis spp. and Clarias spp. are
obligate zooplanktivores (Mwebaza-Ndawula
1994, Ovie & Ovie 2002). Fish predation on
zooplankton during this season may have led
to low zooplankton population.

In contrast to abundance, species richness
was higher during the dry and post-rainy sea-
sons than in the rainy and pre-rainy seasons.
High rotifer species richness was also recorded
during these seasons in contrast to the find-
ings of Ayoagui & Bonecker (2004). This may
be ascribed to low population of cladocerans
and the relief of the rotifers from competitive
suppression by the cladocerans. Aoyagui &
Bonecker (2004) stated that zooplankton diver-
sity can be increased by the removal of com-
petitively dominant species. Shannon-Weaver
diversity index varied from 0.68 to 1.28 and did
not vary significantly between seasons which
are characteristics of stable physico-chemical

conditions. This suggests that the lake is not
under serious pollution threat presently.

In conclusion, the results of this study
revealed zooplankton species new to Nigerian
inland waters and inverse relationship between
the abundance of Cladocerans and Rotifers dur-
ing the rainy and dry seasons. Species richness
benefited from removal of dominant Cladocer-
ans which in turn were adversely affected by
increase in temperature and acidity. However a
number of questions are raised by this study: (i)
to what degree does the annual fishing festival
impact on the zooplankton community struc-
ture of the lake? (ii) Are resting eggs present
in the dried portions of the lake during the dry
season? and (iii) How do juvenile and adult
fishes affect the community structure of zoo-
plankton? A regular study on the lake is hereby
advised in order to understand the impact of
increased anthropogenic activities around the
lake, annual fishing and global warming on the
zooplankton community structure of the lake.
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RESUMEN

El lago Ehoma, situado en la mitad del rio Cross,
es uno de los lugares de reproduccion de las principales
especies de peces del rio. Los juveniles de estos peces
dependen exclusivamente del zooplancton, sin embargo
poco se sabe sobre este recurso en el lago. En este estudio,
las variables fisico-quimicas y del zooplancton del lago
fueron estudiadas mensualmente en tres estaciones (litoral,
sub-litoral y pelagica), de marzo de 2005 a agosto de 2006.
Fueron identificadas 67 especies de zooplancton (42 rotife-
ros, 19 claddceros y 6 copépodos). Daphnia obtusa Kurz,
Keratella valga Ehrenberg, Keratella ticinensis Callerrio,
Keratella hiemalis Carlin, Brachionus dimidiatus Bryce y
Lecane candida Hauer y Murray son nuevos registros para
Nigeria. Las especies dominantes fueron Diaphanosoma
excisum Kurz y Moina micrura Kurz. Hubo una relacion
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inversa entre la riqueza de especies y la abundancia. La
riqueza de especies fue mayor en la estacion seca, mien-
tras que la abundancia de zooplancton registrd su mayor
valor en la estacion lluviosa. La abundancia y riqueza de
especies de zooplancton disminuy6 progresivamente desde
la estacion del litoral a la pelagica, mientras que el indice
de diversidad de Shannon-Weaver varié de 0.68 a 1.28,
sin una clara tendencia estacional. Se encontr6é un patron
de sucesion: los rotiferos, dominantes en la estacion seca,
fueron reemplazados por cladoceros en la estacion lluviosa.
Esta sucesion estuvo fuertemente influenciada por las inun-
daciones estacionales del lago. Al no haber informacion
disponible sobre el zooplancton de este lago, este estudio
proporciona los primeros datos de referencia.

Palabras clave: zooplancton, riqueza de especies, Daphnia
obtusa, abundancia, Rio Cross, planicie de inundacion,
estacion
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