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Abstract: Zooplankton abundance, composition and environmental parameters were monitored in two tropical
rivers over atwenty month period. The data was subjected to cluster, factor and correlation analysis to determine
the grouping pattern of zooplankton and their relationship to environmental parameters. Environmental factors
in Ogunpa and Ona rivers -included buffering capacity, trace metal ions, pH-temperature/ transparency- were
primarily influenced by rainfall. The dominance of the Rotiferain both rivers was attributed to their short devel-
opmental rate and fish predation on larger zooplankton. Two groups of associations were identified in each river
—acommonly occurring species group exhibiting strong homogenous correlation with environmental factorsand
a predominant group exhibiting weak correlation with environmental factors and whose abundance / composi-

tion may be defined by biotic factors.
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In Nigeria the study of zooplankton has
been developed mostly in large rivers and
lakes. Such studies have focussed on descrip-
tive ecology e.g. faunal composition, spatial
and temporal distribution and plankton succes-
sion in newly-formed reservoirs (Green 1960,
Clarke 1978, Egborge and Tawari 1987, Segers
1993). Less attention has been given to small-
er rivers which are scattered all over the coun-
try and contain a significant proportion of the
nation’s aquatic biodiversity. The am of the
present work was to provide information on
the zooplankton communities of two rivers in
relation to environmental conditons.

MATERIALSAND METHODS

Zooplankton were sampled with a 60 pm
plankton net fortnightly between August 1992
and March 1994. Samples were preserved in
4% neutral formalin and identification was
carried out using Ward and Whipple (1966),

Jeje and Fernando (1986).

In situ measurements of temperature and
transparency were taken while dissolved oxygen,
carbon dioxide, dkalinity and ammonia-nitrogen
were determined in the laboratory according to
APHA (1985). Conductivity, pH and total dis-
solved solids were measured using ATC probes
(Hanna Instruments, USA) while trace metal
analysis was carried out by atomic absorption
spectrophotometry.

Zooplankton abundance data were clus-
tered using Euclidean distance and complete
linkage method (Genstat 5, release 3.2).
Principal component analysis of environmen-
tal parameters was carried out and the result-
ing factors were correlated with zooplankton
associations.

Study area. The city of Ibadan in south
western Nigeria (7°23' N, 3°5' E) isthe largest
urban centre in Africa south of the Sahara
(Areola 1994). It is characterized by a West
African monsoon type of climate with hat,
dusty dry season (November—April) and cold,
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humid rainy season (May—October). The
Ogunpa and Ona rivers are two major rivers
draining the city. The markedly seasonal varia-
tionsin temperature and rainfall result in inter-
mittent flow in the Ogunpawith sections of the
river becoming lentic in the dry season. The
Ogunpa river system is a third-order stream
with a channel length of 21.5 km and area
73.3 km? draining the densely populated east-
ern part of Ibadan city. The Ona river has a
length of 55 km and area of 81.0km? and it
flows through the low density western part.
Five sites were sampled on each river.

RESULTS

Species Composition. Forty-nine species
were identified from both rivers (Table 1) and
they were composed of Protozoa (6), Rotifera
(32), Cladocera (6) and Copepoda (4). The
zooplankton fauna of Ogunpa and Ona rivers
were dominated by the Rotiferawhile the fam-
ily Brachionidae recorded the highest species
richness. Although, most of the species identi-
fied indicated a typical tropical assemblage,
predominantly temperate genera like
Synchaeta and Notholca were recorded.

Asin most tropical freshwaters, the clado-
ceran fauna included Diaphanosoma excisum
and Ceriodaphnia cornuta however Moina
micrura was not recorded. The genus Daphnia
was absent and thisistypical for tropical waters.
Scapholeberis kingi was recorded only in Ona
river. The Cyclopoda were the most abundant
group of copepods in Ogunpa and Ona rivers
with three species. Thermocyclops neglectus,
Eucyclops serrulatus and Mesocyclops sp.

Cluster Analysis. The original zooplank-
ton data consisted of forty—nine species how-
ever organisms with only one or two occur-
rences and < 2000 ind.I"* throughout the study
period were eliminated to facilitate cluster
analysis. Hierarchical clustering (Figs. 1 and
2) suggests that the plankton in each river can
be partitioned into distinct species associations
or groups. These associations vary in size and
exhibit heterogeneity in structure.

In Ogunpa river, a a level of 90%, two
groups were formed G1 and G2 while
Philodina sp. was ungrouped (Fig. 1). Group 1
was composed of three species (Paramecium,
Lecane (L) luna and Mesocyclops) while
Group 2 was composed of a mixed assemblage
of zooplankton with common occurrence
although E. senta, a typical predominant
species was also included in this group.

The grouping pattern in Ona river was
more distinct. At a level of 85%, a group G3
was formed made up of rare / commonly
occurring rotifers and copepods. A second
group G4 was formed at 80% level with pre-
dominant species such as B. ¢. anuraeiformis,
Lecane luna, P. dolicoptera, F. opolienss,
Mesocyclops sp. and Difflugia sp. while
Philodina sp. remained ungrouped.

The composition of zooplankton in
groups G2 and G3 were similar and about 70%
of the species are common.

Environmental Factors. The data on
environmental parameters presented in Table 2
showed wide variations in values. Zinc, iron
and manganese recorded higher concentra-
tions than other trace metals. Factor analysis
(Tables 3 and 4) showed that buffering capac-
ity was the single most important factor influ-
encing conditions in both rivers.

In Ogunpa river, buffering capacity (factor
1) accounted for 36.7% of variance while trace
metals (factors 2, 4, 5 and 6) had a cumulative
score of 49.4% (Table 3). Factor 3 which is pH-
temperature accounted for 13.8% of variation.

In Onariver, asimilar result was obtained
with buffering capacity (factor 1) accounting
for 28.2% of variation while trace metals (fac-
tors 2, 4, 5, and 6) recorded a cumulative score
of 48.2%. Factor 3 i.e. pH- transparency
accounted for 12.0% while dissolved oxygen
constituted an additional factor with a high
negative loading on factor 7 (Table 4). Tables
5 and 6 show rank correlations between zoo-
plankton groups and derived environmental
factors. Groups 2 and 3 exhibited highest cor-
relations with al factors while Philodina sp.
(44) recorded consistently low or negative cor-
relation with factors.
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TABLE 1

The zooplankton fauna of Ogunpa and Ona rivers, Nigeria

SPECIES

Family Parameciidae
Paramecium sp.

Family Holophryidae
Prorodon sp.

Family Arcellidae
Arcella sp.

Family Difflugiidae
Difflugia Asper & Heuscher, 1887

Family Euglyphidae
Euglypha sp.

Family Vampyrellidae
Vampyrella sp.

Family Philodinidae
Philodina sp.
Rotaria sp.

Family Brachionidae

Keratella quadrata Muller, 1786

Platyias quadricornis Ehrenberg, 1832
Platyias lelupui Gillard, 1957

Brachionus caudatus caudatus Barrois & Daday, 1894
B. falcatus falcatus Zacharias, 1898

B. calyciflorus Pallas, 1776

B. patulus patulus Muller, 1786

B. quadridentatus Hermanns, 1783

B. calyciflorus anuraeiformis Brehm, 1909
Notholca acuminata Ehrenberg, 1832

Family Epiphanidae
Epiphanes senta Muller
Proales decipiens Ehrenberg, 1832

Family Lecanidae

Lecane (lecane) luna Muller, 1776
Lecane (Monostyla) bulla Gosse, 1886
Euchlanisincisa Carlin, 1939

Family Trichocercidae
Trichocerca sp.

Family Collurellidae
Collurella uncinata Muller, 1773

Family Dicranophoridae
Dicranophorus sp.
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Family Asplanchnidae

67 Asplanchna brightwelli Gosse, 1850 ++ ++
Asplanchnopus multiceps Schrank, 1793

68 + -

Family Synchaetidae
69 Synchaeta longipes Gosse, 1887 - +
70 Polyarthra dolicoptera |delson, 1925 + +++

Family Hexarthridae
71 Hexarthra mira mira Hudson, 1871 - +

Family Filinidae
72 Filinia longiseta Ehrenberg, 1834 + -
73 Filinia opoliensis Zacharias, 1898 - +++

Family Testudinellidae
74 Testudinella patina Anderson, 1889 + -

Family Notommatidae
75 Cephalodella sp. + +
76 Scaridium longicaudum Muller - +

Family Flosculariidae

7 Ascomorpha ecaudis Perty, 1850 +

90 Unidentified rotifer + +
CLADOCERA Family Sididae

78 Diaphanosoma excisum Sars, 1885 - +

Family Daphnidae

79 Ceriodaphnia cornuta Sars, 1885 + +
80 Smocephalus serrulatus Koch, 1841 - +
81 Scapholeberis kingi Sars, 1903 - +
Family Macrothricidae
82 Echinisca triseralis Brady, 1886 + +
Family Chydoridae
83 Chydorus sphaericus Muller, 1785 - +
COPEPODA Family Cyclopidae
84 Eucyclops serrulatus Fischer, 1851 - +++
85 Mesocyclops spp. ++ +++
87 Thermocyclops neglectus Sars, 1901 + +
Family Canthocamptidae
86 Bryocamptus birsteini Borutzkii, 1940 ++ +
88 Nauplius larva + -
KEY:
- = Absent
+ = Rare occurring in 1 or 2 stations
++ = common occurring in 3 - 4 stations

+++ = Predominant occurring in all stations
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Parameter

Temp. (°C)

Dissolved Oxygen (mgl-)

PH

Conductivity (uScm™)
Transparency (m)
Carbon dioxide (mgl)
Alkalinity (mgl)
B.O.D. (mgl™h)

Total dissolved solids (mgl)
Ammonia-nitrogen (mgl-%)

Zinc (uglt)

Iron (ugl™t)
Manganese (ugl™t)
Cobalt (ugl™t)
Chromium (ugl™t)
Lead (ugl™)
Cadmium (ugl™?)

Parameter

Temp.

D.O.

pH

Conductivity
Transparency
Carbon dioxide
Alkalinity
B.O.D.

Total dissolved solids
Ammonia-nitrogen
Zinc

Iron

Manganese

Cobalt

Chromium

Lead

Cadmium

% variance

Non significant coefficients (i.e. p > 0.05) have been omitted.

TABLE 2
Range of environmental parameters (N = 250)

Ogunpa river
200 - 295
04 - 209
6.8 — 85
110.0 - 1100.0
01 — 0.4
50 — 599
171 — 3468
00 - 186
50.0 — 480.0
00 - 31
70 - 6180
170 - 8770
00 — 263.0
240 - 166.0
00 — 490
00 — 1240
00 - 130
TABLE 3

Ona river
218 — 392
10 - 221
72 - 8.9
160.0 — 600.0
01 - 0.9
00 - 245
409 - 1758
00 - 114
90.0 — 250.0
00 - 2.2
70 — 4640
340 - 585.0
11.0 - 1650
240 - 190.0
00 - 250
00 - 620
00 - 100

Factor matrix of environmental parameters in Ogunpa river, Nigeria

-0.51
0.92
0.82
0.94
0.51
0.94
0.45

-0.24

36.7

DISCUSSION

Species Composition. The dominance of
the Rotiferain Nigerian aquatic ecosystems has
been documented by several authors (Green

0.27

0.49

-0.27
0.63

0.80

14.1

0.60
0.43
0.75

0.41

0.46

13.8

Factors

-0.40

0.47

0.25

0.25

-0.41
0.80

126

0.21

-0.39

0.23
-0.49

0.83
10.9

-0.33

0.41

-0.61

0.77

11.8
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1960, Jeje and Fernando 1986, Egborge and
Tawari 1987). The predominant genusis usual-
ly Brachionus, Keratella or Lecane. The high
population densities of rotifiers has been attrib-
uted to their parthenogenetic reproductive
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Parameter

Temp.

D.O.

PH

Conductivity
Transparency
Carbon dioxide
Alkalinity
B.O.D.

Total dissolved solids
Ammonia-nitrogen
Zinc

Iron

Manganese

Cobalt

Chromium

Lead

Cadmium

% variance
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TABLE 4

Factor matrix of environmental parametersin Ona river, Nigeria

0.42

0.86

0.22
0.81
0.70
0.87
0.42

28.2

0.89
0.89
0.21

-0.24

14.4

Non significant coefficients (i.e. p > 0.05) have been omitted.

Group 1
Group 2

Spearman rank correlation coefficients between zooplankton groups

and environmental factorsin Ogunpa river, Nigeria

0.31
0.46
-0.02

0.36
0.48
0.10

Factors
3 4 5 6
0.26 -0.36 0.43
0.73
0.72 -0.26 -0.25
-0.50 -0.21
-0.22
0.30
0.27
0.75
0.87
0.70
0.85 -0.30
0.67
12.0 12.3 10.6 10.9
TABLE5
Factors
3 4 5 6
0.27 0.33 0.38 0.41
0.46 0.46 0.48 0.47
0.001 0.04 0.26 0.13
TABLE 6

-0.28
-0.75

0.43

0.48

-0.22

0.26
115

Spearman rank correlation coefficients between zooplankton groups and environmental factorsin Ona river, Nigeria

1 2
Group 3 0.46 0.45
Group 4 0.30 0.33
44 0.28 0.16

pattern and short developmental rates under
favourable conditions (Herzig 1983, Pourriot
et al. 1997).

The low species spectra of Cladocera
recorded in this study was also observed by
Jgje and Fernando (1992) in the Niger-Sokoto

Factors
3 4 5 6 7
0.46 0.47 0.42 0.45 0.44
0.36 0.36 0.16 0.24 0.19
-0.18 0.22 0.07 0.10 0.11

river. Although blue-green algae are abundant
in Ogunpa and Ona in the dry season
(Oduwole 1997), these cannot be effectively
grazed upon by the filter-feeding Cladocera.
Size-selective fish predation and the inadequa-
cy of residence time of the organisms may also
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contribute significantly to their low numbers.
In river environments due to the short resi-
dence time, only organisms with rapid growth
and high renewal rate can increase their popu-
lations (Pourriot et al. 1997). However, the
lack or paucity of planktonic Cladocera has
also been reported from lakes in Cameroun,
Uganda and South Africa (Green 1972, Burgis
1973, Fowles and Archibald 1987, Martin and
Cyrus 1994) thus more information is needed
on feeding guilds and size structure of zoo-
plankton as well as the dominant fish assem-
blages in order to fully explain this phenome-
non in African water bodies.

Environmental factors. The onset of the
rains signals aradical change in physico-chem-
icd characteristics of tropical rivers (Lowe-
McConnell 1987, Chapman and Kramer 1991).
The input of alochthonous organic materias
from the catchment area during rainfal increas-
es conductivity, pH, akalinity, total dissolved
solids and biochemical oxygen demand. The
buffering capacity factor is thus a direct
response to rainfall hence it's high contribution
(about 1/3) to variation in both rivers.
Zooplankton abundance and population dynam-
ics have been reported to be influenced by
repeated environmental fluctuations of which
rainfal is a primary steering factor (Kizito and
Nauwerck 1995, Osore et al. 1997).

The higher levels of iron, zinc and man-
ganese is expected since the basement com-
plex of Ibadan is composed of pre-Cambrian
metamorphic rocks rich in zinc, iron and man-
ganese ores (D’Hoore 1964). However, trace
metal speciation is much more important in
terms of biological availability and / or toxici-
ty than total concentrations. Metal speciationis
mediated by physico-chemical characteristics
of the water, organic and inorganic complexa-
tion, adsorption and redox processes (Zhang
and Huang 1993). Hence the contribution of
trace metals to variance is coupled to environ-
mental conditions.

Ecological implications of associations.
Associations are composed of species that
have similar reactions to properties of the envi-
ronment. This means that such species are

responding in a related way to environmental
changes (Legendre 1973). In order to identify
CO-0ccurring species, grouping was carried out
and species groups or associ ations were corre-
lated with environmental factors.

In each river, two distinct groups were
recognized: 1) groups 2 and 3 which consisted
of commonly occurring species exhibiting
homogenous correlation with all derived fac-
tors. 2) groups 1 and 4 comprising species
which were predominant but showed weak
correlation with most environmental factors.
These results imply that for groups 2 and 3
environmental factors may play a key role in
their abundance and community structure
while biotic factors such as competition, pre-
dation and grazing patterns may define popula-
tion dynamics in groups 1 and 4.

However, it is difficult to establish one-to-
one causal relationships between zooplankton
associations and factors without supporting
experimental evidence.
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RESUMEN

Laabundancia, y composicion del zooplancton, y pa-
rametros ambiental es fueron monitoreados en dos rios tro-
picales durante un periodo de doce meses. Los datos fue-
ron sometidos a andlisis de agrupaciones, de factores y de
correlacion para determinar los patrones de agrupamiento
del zooplancton y sus relaciones con parémetros ambien-
tales. Los factores ambientales en los rios Ogunpay Ona,
incluidos la capacidad tampdn, iones metalicos traza, pH-
temperatural transparencia, fueron influenciados principal-
mente por lalluvia. Ladominancia de los Rotiferos en am-
bosriosfue atribuida a su cortatasade desarrolloy alade-
predacion del zooplancton grande por peces. Dos grupos
de asociaciones fueron identificadas en cada rio — la pre-
sencia de un grupo comuin de especies que exhiben una
fuertey homogénea correl acién con factores ambientalesy
un grupo predominante que exhibe una débil correlacion
con factores ambientales y cuya abundancia/ composicion
que podria estar definida por factores bi6ticos.
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