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Salinity and the distribution of Cladocera in Warri River, Nigeria

Austin B. M. Egborge
Department of Zoology, University of Benin, Benin City, Nigeria

Keywords: Cladocera, Nigeria, Warri River, distribution, Penilia.

Abstract

Hydrobiological investigations of the water quality and plankton of Warri River started in 1981, shortly
before the commissioning of the Delta Steel Plant on the banks of the river at Aladja. The 150 km of river
gradates from pure freshwater through brackish to marine and so provides a suitable habitat for a study of
the limits of migration of any group of zooplankton.

The Cladocera of Warri River consists of two bosminids, thirteen chydorids, three daphniids, three macro-
thricids, one moinid, and two sidids. All except the sidid Penilia sp. are well known freshwater forms, which
are limited in longitudinal distribution to areas with salinity below 2.5%s.

Penilia sp. found in Warri River were restricted to the truely brackish-water areas with salinity values
of 7%o0 —8%o. In this respect they represent the first reported brackish water Cladocera in Africa. They also
differ from Penilia avirostris Dana found in marine habitats in certain morphological details, and so the War-

ri River Penilia may be a new taxon.

Introduction

The coastal lagoons and tidal rivers of Nigeria
have received relatively little hydrobiological atten-
tion in the last decade. Many of the investigations
in this region have either been fishery oriented
(F.A.Q., 1965; Bayagbona, et al, 1971; Fagade &
QOlaniyan, 1972, 1974; Ikusemiju, 1973; Oni, 1973;
Powell, 1976; Marcus & Kusemiju, 1984; Nwadiaro,
1985) or oil pollution related (Imevbore, 1979;
Adeyemi & Imevbore, 1980; Ekekwe, 1981; Edwards
et al., 1983; Ibiebele et al, 1983; RPI, 1985; lkomi,
1985). These latter studies, which are of short dura-
tion and are based on a few specific samples of the
consultants, are of little taxonomic significance
with regards to the cladoceran fauna of these water
bodies.

Indeed, reports on the cladoceran fauna of
Nigerian rivers are scanty. To date, the only detailed
work has been that of Green (1962) on the Sokoto
River in Northern Nigeria. Green described Alona

holdeni among twenty-nine other cladoceran spe-
cies. There were in River Sokoto one bosminid,
twenty chydorids, two da:phniids, four macro-
thricids, one moinid, and two sidid species {Green,
1962). In River Oshun in Southern Nigeria, Eg-
borge (1972) reported the occurrence of single spe-
cies each of Bosminidae, Chydoridae, Daphniidae,
Moinidae, and Sididae. The low species list of
Cladocera in River Oshun was no doubt due to
the overwhelming taxonomic problems of the
group, particularly of the Chydoridae, which
presents the greatest number of species of Cladocera
in Nigeria (Rey & Saint-Jean, 1968; Bidwell & Clarke,
1977; Egborge, 1981).

There is in fact no information on the longitudi-
nal variations in the community composition of
Cladocera in any of the numerous coastal rivers
with atlantic tidal influences in Nigeria. Hence the
work reported in this communication attempts to
bridge that gap in knowledge and provide some in-
formation on salinity and longitudinal distribution
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of Cladocera in Warri River.

Identifications of the Cladocera reported here
were made in the Zoological Institute, State Univer-
sity of Ghent during a short visit in the Summer of
1982. I am most grateful to both Dr Henri Dumont
for help with the identifications and to him and
the Director of the Institute for their hospitality.

Geography and sampling stations
The Warri River stretches within latitudes

5°21' —~6°Nandlongitudes 5°24' —6°21'E. From its
source at Utagba-Uno, it meanders past Warri,

flowing through the high rain forest belt to Forca-
dos. Here it joins the Forcados River, which is a
major confluence of the Atlantic Ocean (Fig. 1).
Beyond Warri in the lower reaches of the river, the
shore vegetation is typically mangrove swamp with
a preponderance of Rhizophora racemosa and
Nepah palms.

Climatic influences in the Niger Delta in Nigeria
vary from north to south, so that the rainy season
lasts for 11 months in Forcados (close to the Atlan-
tic Ocean), 7—9 months at Warri (about 66 km
from Forcados), and 6—7 months at Utagba-Uno.
At Warri (Fig. 2) 25 ¢m and 20 cm of rainfall were
respectively recorded at the peak of the rainy sea-
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Fig. 1. Location of Warri River in Nigeria (Inset) and sampling stations in 1985.
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Fig. 2. Seasonal variations in rainfall, relative humidity, minimum and maximum atmospheric temperatures in Warri during 1981 &
1982.

son in September 1981 and June 1982, while less tion, represents the dry season months in Warri.
than 10 cm of rainfall was recorded from January Generally low relative humidity and high at-
to March 1981 and from November 1981 to March mospheric temperatures characterize the dry sea-

1982. This latter period, with little annual varia- son, while the reverse is the case in the rainy season.
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Sampling in Warri River started in 1981, and its
extent has been dictated by the availability of re-
search funds. Thus from 1981 to 1984, sampling

Table 1. Sampling stations in Warri river and distances from the
Atlantic Ocean (south point).

. . ) Station Distance to
was restricted to the middle 50 km of river, a por-
tion that is predominantly fresh with brackish sa- Forcados Atlantic Ocean
linities occurring only from February to April Terminal (km)  South point (km)
around Warri (Fig. 3). Regular monthly sampling
of the lower 77 km of River (Otokutu to Forcados 1981 to 1984
X Udu Bridge 66.5 76.3
terminal) started from March 1985 to date. The sta- Aladia 60.7 70.5
tions sampled during 1981 to 1985 are shown in Ta- Warri 56.0 65.8
ble 1, together with their distances from the Atlan- Orugbo Creek 46.0 55.8
: . . Ode Itsekiri 40.2 50.0
tic Ocean (South Point) and Forcados terminal.
1985
Otokutu 77.0 86.8
. .y . Udu Bridge 66.5 76.3
Sampling periodicity and methods Aladja 8 60.7 70.5
Warri 56.0 65.8
Sampling times were determined from TIDE TA- Ejere 45.5 55.3
BLES prepared by the Nigerian Navy (1981, 1982, Bennet Island 35.0 44.8
1983, 1984, 1985). Generally rainy season samples Bouy 4 ) 35.3
’ ’ T y . p Forcados Town 3.4 13.2
were taken at low tide from Warri towards Forca- Forcados Terminal 0.0 9.8
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Fig. 3. Part of Warri River showing sampling stations in 1981/1982.




dos, and dry season samples were taken at high tide
in a reversed direction. This is a deliberate effort to
get minimum and maximum river conditions in any
one year.

On each sampling day, quantitative plankton
samples were collected by towing two HYDRO-
BIOS 55 um and 100 um mesh nets at low speed
for 10 minutes. Plankton samples were preserved in
4% formalin.

Salinity values were obtained on the spot using
an QOceanographic salinity measuring bridge type
MCS5 manufactured by Electronics Instruments
Limited, Surrey, England. Salinity values below the
limit of resolution with the measuring bridge (2%o)
were obtained by the titrimetric method of Harvey
(1969). The titrations were done on a magnetic stir-
rer.

Results and discussion
The Cladocera:

The Cladocera of Warri River consists of
24 species in six families. These are:

FAMILY BOSMINIDAE

Bosmina longirostris (O. F. Miiller, 1785)
Bosminopsis deitersi Richard, 1897.

FAMILY CHYDORIDAE

Alona alonopsoides Brehm, 1933

Alona diaphana King, 1853.

Alona eximia Kiser, 1948,

Alona holdeni Green, 1952,

Alona karua King, 1853.

Alona pulchella King, 1853.

Alona quadrangularis (O. F. Miiller, 1785)
Alona rectangula Sars, 1862,

Chydorus sphaericus (O. F. Miiller, 1785)
Ephemeroporus sp.

Kurzia longirostris (Daday, 1898)
Leydigia ciliata Gauthier, 1939.
Pleuroxus laevis Sars, 1862.

FAMILY DAPHNIIDAE

Ceriodaphnia cornuta Sars, 1885.
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Ceriodaphnia rigaudi Richard
Scapholeberis kingi Sars, 1903.

FAMILY MACROTHRICIDAE

Ilyocryptus spinifer Herrick, 1882.
Macrothrix laticornis (Jurine, 1820)
Macrothrix spinosa King, 1853

FAMILY MOINIDAE
Moina micrura Kurz, 1874.
FAMILY SIDIDAE

Diaphanosoma excisum Sars, 1885.
Penilia sp.

With the exception of Bosmina longirostris and
Penilia sp. the remaining Cladocera in Warri River
have been listed from rivers and lakes in Nigeria
{Green, 1962; Egborge, 1972, 1981). On-going re-
search in Nigeria suggests that Bosmina longiros-
tris is common in freshwater ponds and rivers with
slightly acidic pH values. These ponds and rivers
are associated with the swamps of the Niger Delta.
In Lake Bangweulu and the Luapula River Basin in
Central and East Africa, Bosmina longirostris was
found in lakes, rivers, and ponds with pH values of
5.7—8.1 (Kofinek, 1984).

Penilia, described by Dana (1852), is recogniza-
ble by the 2-segmented rami of the antenna
(Fig. 4). According to Korovchinsky (in Smirnov
Timms, 1983), the head of the female of P, aviros-
tris has two ventral rostral projections (absent in
the male), and the posterodorsal part of the shell
has a deep depression. The Woods Hole Mas-
sachusetts, P agvirostris Dana also show two ventral
projections, one of which is the well developed an-
tennule (better developed in the males) and the
deep postero-dorsal depression (Lochhead, 1954).
All the specimens seen in Warri River samples
have a birdlike pointed ‘beak’ or rostral projection
and a prominent cervical sinus in addition to the
postdorsal depression. In addition, the postero-
ventral projection of the shell is relatively longer
and not as pointed as the Woods Hole specimens.
One point of agreement of the Warri River speci-
mens and the descriptions of Korovchinsky (1983)
and Lochhead, (1954) is the very long terminal claws
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Fig. 4. Penilia sp. from Warri River, Nigeria.

of the postabdomen, each with a pair of basal
spines. The Warri River specimens have the follow-

ing dimensions:

Body length
Body height
Carapace length
Terminal claw

I

0.80 mm
0.50 mm
0.61 mm
0.21 mm

From all indications, the Warri River specimens
are probably not Penilia avirostris Dana. They also
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are certainly not P orientalis Dana, P pacifica
Kramer, or P schmackeri Richard. The specific
identification of the Warri River Penilia can be
made only after detailed examination of more
specimens and reference to the drawings and
descriptions (Dana, 1852a, b; Kramer, 1895; Zer-
nov, 1908; Calman, 1908; Behning, 1927; Steuer,
1933a, b; Dakin & Colefax, 1940; Dolgopoiskaya,
1958; Markina, 1975).

Longitudinal distribution of Salinity

The seasonal variations in salinity from Udu
Bridge to Ode-lItsekiri Community Farm during
1981/82 is shown in Fig. 5. Salinity varied from
0.02%e at Udu Bridge to 2.35%0 at Orugbo Creek.
At all five stations, the peak period of salinity was
April 1982, when salinities were 0.32%o, 1.30%a,
2.05%o, 2.35%0 and 1.15%0 at Udu Bridge, Aladja,
Warri, Orugbo Creek and Ode-Itsekiri Community
Farm, respectively. The seasonality in the fluctua-
tions in salinity are apparent, with higher salinity
values in the dry season months and lower values
in the rainy season months. The salinity peak
recorded in all stations in April is out of phase with
the pattern of rainfall. This is because of the well
known time lag between the onset of the rains and
the time it takes runoff water to get into the river
systems in Nigeria.

The generally lower salinity values at Ode-
Itsekiri Community Farm is the result of dilution
of the river waters by masses of freshwater from the

ORUGBO CREEK

COMMUNTY FARM |

% SALINITY

Fig. 5. Qualigrams showing the seasonal variations in the Jongitudinal distribution of salinity in five sampling stations in Warri River

in 1981/1982.



numerous tributaries in this region. Thus, in any
one year at any station from Udu Bridge to Ode-
Itsekiri the Cladocera are subjected to salinity fluc-
tuations of 0.02 to 2.35%s.

Distribution of Cladocera in 1981/82

The seasonal variations in the relative impor-
tance of Cladocera and Copepoda in four stations
of Warri River shown in Fig. 6 reveal that impor-
tance of Cladocera decreases with nearness to the
Atlantic ocean. Cladocera were relatively more im-
portant than Copepoda at Udu Bridge (76 km),
where in April 1982 at the peak fo the dry season
they accounted for 80% of the adult crustacean
plankton population. It was only at this station
that the few specimens of Scapholeberis kingi and
Alona alonopsoides were found. At Warri (66 km)
the Cladocera accounted for only 6% of the adult
crustacean plankton population in April 1982, Al-
though the only cladoceran present in Orugbo
Creek at this time when salinity was 2.35%o was Di-
aphanosoma excisum, its presence could be due to
the proximity of the Community Farm (Ode-
Itsekiri), from where there is an influx of fresh-
waters from inland tributaries of the Niger Delta
swamps. In the dry season month of April, fresh-
water influx can only be through the advent of low
tides or direct precipitation. The relative impor-
tance of Cladocera at Ode-Itsekiri was generally

Y

Fig. 6. Seasonal variations in the relative importance of
Cladocera and Copepoda in four stations of Warri River.
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low with the exception of July 1981 and February
1982, when they had higher relative values than the
Copepoda.

Distribution of Cladocera in 1985

Figure 7 shows that Bosmina longirostris, Bos-
minopsis deitersi, Moina micrura, Ephemeroporus
sp., and Diaphanosoma excisum were commonly
seen in samples taken from stations where salinities
were prodominantly below 1%o. All five cladoce-
rans were thus limited to Otokutu and Udu bridge
in March, and their range increased as salinity
decreased from May to July from Otokutu to Bouy
4. In July when the low salinity zone was most ex-
tensive, the only cladoceran in Bouy 4 (8=1.8%)
was the sidid Diaphanosoma excisum. 1t would ap-
pear then that this cladoceran does venture into
areas of the river with salinities of 1.8—2.4%¢ (as
seen in Orugbo Creek). On the other hand, Bosmi-
na longirostris seems to have a salinity limit of
1.7%o, which was the salinity value at Udu Bridge
in April 1985.

Penilia sp. was first seen in Warri River at Ejere
in April, when the salinity was 7.1%o. During this
period it was not seen in samples taken in the other
stations from Bennet Island to Forcados Terminal,
where higher salinities occured. Its second appear-
ance was at Forcados Terminal in July, when the sa-
linity decreased to 7.2%o as a result of the high
precipitation and runoff in this rainy season
month. The appearance of Penilia sp. therefore was
not only sporadic but was restricted to areas of the
river where salinities were between 7%o and 8%o.

The sporadic and discontinuous distribution of
Penilia is well known (Lochhead, 1954) and seems
explainable in terms of the distribution of resting
egps. Available literature shows that Penilia has
been found mainly in open coastal waters with sa-
linities of 32%o—49%o. Lochhead (1954) found it in
Rio de Janeiro harbour in South America, and it
has been seen frequently in Australia (Dakin &
Colefax, 1940; Sheard, 1949; Kott, 1955, 1957;
Markina, 1975). This, therefore, appears to be the
first report of the occurrence of Penilia in the in-
land brackish waters of Africa. From the distribu-
tion of Pernilia and other Cladocera in Warri River,
the longitudinal zonation of the river is apparent
with regards to the limits of distribution.
Predominantly freshwater Cladocera are found
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Fig. 7. Isohalines and distribution of Cladocera in the lower 77 km of Warri River.

where salinities are lower than 2%o/3%o, while
brackish-water Cladocera are found where salinities
are higher than 7%o. The region between these two
fimits is a NO CLADOCERA ZONE. The extent
and position of this ‘no cladocera zone’ is seasonal
and might also depend on tidal variations.
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