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Abstract Materials and methods

The physico-chemical properties of the Ogun River were recorded
between January 1974 and December I975. A wet season with
mean monthly rainfall of 9.72 cm. (s.d. = 5.07 cm) occurred from
April through October, while a dry season with mean monthly
rainfall of 0.56 cm. (s.d. = o.99 cm) occurred between November
and March. The seasonal changes in the rainfall of the drainage
area resulted in an alternation of the hydrological regimes of the
river. The high water level of the river that arose as a result of the
rains made the water flowed unidirectionally from July through
December. After the rains, the water level receded gradually to a
point where by January the river broke up into a chain of pools.
In a lotic state, the water's tansparency, pH, total alkalinity and
conductivity were lower, while its dissolved oxygen, free carbon
dioxide concentrations were higher than the corresponding con-
ditions in the residual pools formed when the water was lentic. In
this latter form, the observed diurnal surface water temperature
fluctuations were more and diel thermal stratification occurred. It
was evident that the water in both phases was well aerated. The
diurnal fluctuations in the water temperatures and the relation-
ships between the determined environmental factors were assayed.

Introduction

A knowledge of the hydrological conditions of a body of
water is most vital when assessing its productivity and

other characteristics. The literature available on the hy-

drology of lakes, large rivers and streams is vast. Despite

the fact that seasonal rivers constitute important sources
of fish (Holden & Green, 960; Reed et al., 967) and are
of common occurrence, especially in the tropics (Lowe-
McConnell, I975), not much attention is being paid to
their limnology.

This paper constitutes the first record of an investigation
into the hydrological regimes of the upper course of the
Ogun River, which flows only seasonally, and the effect of
the seasonality of the river on the physico-chemical
properties of the water.

The physico-chemical properties of the water, water depth,
rainfall and air temperatures were monitored regularly be-
tween January 1974 and December 1975. It was not possi-
ble to maintain a continuous bimonthly sampling program
owing to the irregularity of transport between the sampling
site and the laboratory. Intervals between readings were
seldom of more than four weeks. Monthly means of all
readings were calculated and used.

Water depth and rainfall readings were read off im-
provised floating depth gauge and rain-gauge, respective-
ly. Water depth readings were to the nearest o.oi m, while
the rainfall readings were recorded to the nearest o.I cm.

A maximum/minimum mercury thermometer to deter-
mine the air shade temperature was hung under a tree
about 2 m above the water surface. The daily minimum
and maximum water temperatures occur between o5.oo
and 07.00 hours and between 13.oo and 5.oo hours, re-

spectively in the tropics (Talling, 1955)and during summer
time in the temperate parts of the world (Hopkins, 197 ).
The water temperatures regarded as the minimum and
maximum values were, therefore, taken at 07.oo hours and
15.oo hours, respectively using a o-5o°C mercury-in-glass
thermometer.

Vertical changes in the water temperatures were taken
on three different dates with a 2 1 Hydro-Bios water sam-
pler fitted with a thermometer according to Ruttner (i 965)

at og.oo hours. Hourly changes in the air and surface water

temperatures were recorded during the dry season (12-I3
January 1974) and the wet season (6-7 April 1974), over

36-hour periods.
All temperature readings were recorded to the nearest

o.i°C.
A white 15 cm-radius Secchi disc was used to measure

the transparency of the water to the nearest o. I m as de-
scribed by Ruttner (965).
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Fig. i. Map of South-West Nigeria showing the study area-the
Upper Ogun River in the Upper Ogun Game Reserve. Inset shows
the location of the Ogun River in Nigeria.

Samples of the surface water were collected for chemical
analyses between 07.00 and o9.oo hours. The pH and con-
ductivity of the samples were determined in the field soon
after collection using battery operated WTW. D812.Weil-
heim pH 56 and Electronic Switchgear MC- conductivity
meter, respectively. The conductivity readings were re-
corded in /smhos/cm at 25C. The total alkalinity (TA)
and dissolved oxygen concentration (DO2) determinations
were by the titrimetric methods described by Mackereth

(1963). The units for TA and DO2 determinations were mg
CaCO 3/l and mg 02/1, respectively. The free carbon dio-
xide content (CO 2) and percentage oxygen saturation (%
02) were computed from the pH-TA and the expected-
observed DO2 concentrations relationships, respectively
as given by Mackereth (1963).

All samples for analyses were taken at three different
points along the river within the Upper Ogun Game Re-
serve. All data were, however, pooled together for treat-
ment since very little difference was observed in the results
obtained for the different sampling stations.

Geography and the environmental conditions of the experi-
mental site

Ogun River is one of the major rivers of Nigeria. It runs
from its source (3028" E, 8°4 " N) in the Oyo State of Nige-
ria and enters the Lagos lagoon at a point on longitude
3o25" E and latitude 635" N (Fig. I). The experimental
site, Upper Ogun River, is located in the Upper Ogun
Game Reserve at an altitude of 300-500 m above sea level
and lies in the Savanna belt. The width and depth of the
river at this point varied from 24 to 36 m (mean = 31.3 ± 3.3
m) and .8 to 3.2 m (mean = 2.5 04 m), respectively,
during the month of April. The water bed comprised
mainly of fine and coarse sand particles. The river is
banked by either exposed rocks or muddy banks with a
few occasional gaps of sand banks. It is fringed by savanna
and forest trees and aquatic grasses and shrubs. Floating
and rooted hydrophytes were quite sparce. There were
several pieces of fallen dead trees lying on the bottom of
the water, sometimes projecting out of the water.

Between November and March, the monthly precipita-
tion ranged from o.o to 2.8 cm (mean = 0.6, s.d. = .o),

while between April and October the monthly rainfall
reading was between 1.6 and 16.3 cm (mean = 9.7, s.d. =
5. I) (Fig. 2). The periods of heaviest rainfall recorded were

the months of July and September. The mean total annual
rainfall for the 1974/1975 observations was 70.8 cm.

The pattern of the monthly changes in the water level as
plotted in Fig. 2 shows that the water level continued to
recede up till May despite the fact that the rains com-
menced in April. The river began to swell slowly in June.
As the rains increased, the rise in the water level became
more rapid. At a certain point, the water in the different
residual pools on the river channel began to flow into one
another. This transitional period occurred in July in 1974,
but in June in 1975. The water level attained its peak in
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Fig. 2. Monthly variations in the rainfall (histogram) and the river
level (o---) between January 1974 and December 1975.

September in 974, but in August in I975. In I974, the

recorded peak of the water level was 4.36 m, while in 1975
it was 3.50 m. With the cessation of the rains, the water
level began to recede. By January during the two years of

observation, the river broke up into a chain of pools again.
From November through April, the maximum air shade

temperature ranged from 30.8 to 35.6C (mean = 32.88°C,

s.d. = .70°C). The highest air shade temperatures (34.3-

3 5.60C) were recorded between March and April. The
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maximum air shade temperature was lower between May

and October (range = 28.I-33.I C, mean = 29.9o°C, s.d. =
I .34 C). Between April and October, the minimum air
temperature varied between I8.8 and 21.7°C (mean =
20.300C, s.d. = o.86°C). The lowest minimum air tempera-
tures were recorded between November and March (range

= 9.0-I7.8°C, mean = 13.240 C, s.d. = 3.o0 °C). January was
the coldest month of the year with the minimum air tem-
perature ranging between g.o°C and o.5°C (Fig. 3). Ob-
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Fig. 3. Monthly variations in the maximum (o----o) and mini-
mum (o o) air shade temperatures and the water tempera-
tures taken at 15.oo hrs (----o ) and 07.oo hrs (--- )
between January 1974 and December 1975.
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Fig. 4. Diurnal fluctuation in the air shade temperature (o) and
surface water temperature () taken on (a) 6-7th April 1974 and
(b) 12-13th January 1974.

tained data on the hourly changes in the air temperatures
showed that the minimum air temperatures were recorded
between o5.oo and 07.00 hours, while the maximum air
temperatures were attained at 5.oo hours (Fig. 4).

Between April and October, the mean water tempera-
tures taken at 07.00 and I5.oo hours were 26.4 ± 1i.4C and
28.7 ± .60C respectively, while the water temperatures at
07.00 and 15.00 hours were 23.0 2.20C and 27.0 ± 2.20C,
respectively from November to March (Fig. 3). Fig. 4
shows that the water temperature was minimal between
04.oo and o8.oo hours, sometimes up till og.oo hours and
was maximal between 15.oo and 6.oo hours, both during
the dry and wet seasons.

The results obtained from taking the water temperature
at different depths in the morning (og.oo hours) and after-
noon (15.oo hours) are presented in Fig. 5. These figures
reveal that the water column was virtually isothermal from
the surface to the bottom in the mornings but thermally
stratified in the afternoons. These figures also show that
the temperature of the bottom water increased diurnally,
although not as much as the surface water temperature.

The minimum of the Secchi disc transparency occurred
between August and October. As from November, a grad-
ual increase in the transparency was recorded (Fig. 6). The
water was most transparent in February. During this
month, the Secchi disc could be seen through the water at a
depth of about 1.13 m. A steady decrease in its transparen-
cy began in March, attaining its minimal value in August,
when the Secchi disc could not be seen beyond the depth of
0.26 m from the water surface.

The pH of the water ranged between 6.9 and 7.9. The
water was more alkaline (pH 7.6-7.9) between May and
July than at any other time during the year. As from Au-
gust, the pH gradually dropped down to about 7.o. This
minimal value was attained during the height of the flood
in September (Fig. 6).

The seasonal variations in the alkalinity of the water are
included in Fig. 6. The total alkalinity was 65.6 to 77.9 mg
CaCO3/l when the water was lentic. It reached its peak
values of 75.4 to 77.9 mg CaCO3/l when the water level
was lowest. As the water level increased during the rains,
the alkalinity of the water decreased.
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Fig. 5. Phases of the thermal
Upper Ogun River.

The dissolved free carbon dioxide in the water ranged
from 1.9 to 3.7 mg CO 2A between May and July but was
greater than 5 mg CO2/1 between August and April (Fig.
6).

The dissolved oxygen content of the water attained its
first annual minimal value in April I974 (5.IO mg/1) and
March 975 (4.94 mg/l) (N.B. No readings were taken in
March I974). Thereafter, the concentration of the dissol-
ved oxygen gradually increased, reaching its first and
major peak value in May (Fig. 6). In May 1974, it was 7.62
mg/l while in May 975,it was 6.30 mg/l. As the water level
began to rise, a gradual decline in the values of the dissol-
ved oxygen, which culminated in another period of mini-
mal value of dissolved oxygen concentration, was ob-
served. This period was July in 1974, but August in I975.
In September, 1974 and October 1975, the second annual

peak periods of dissolved oxygen concentration of 6.36
mg/l and 5.81 mg/l respectively were recorded. From Au-
gust to October, the concentration of the dissolved oxygen
recorded for both 1974 and I975 remained relatively high
and steady. Between November and March, it was ob-
served that the dissolved oxygen gradually dropped. At no
time was the percentage saturation of oxygen below 50%
(Fig. 6).
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stratification of the water of the

The total ionic content of the water, measured as the
conductivity at 25C, ranged from 31 to 131 /tmhos/cm.
The lowest conductivities of 31 to 41 tumhos/cm were re-
corded between the months of August and October (Fig.
6). Beginning from November, the conductivity of the
water rose steadily until it attained its maximum value of
120 to 131 mhos/cm in May. Between June and July, a
gradual fall in the conductivity of the water was observed.
As the water became lotic in July, the conductivity of the
water dropped more rapidly and it remained low during
this period when the water in the pools was in a lotic state.

Table I shows the correlation coefficients (r) for all pairs
of determined environmental factors computed from the
two years' data. All estimated values of (r) which exceeded
the 5% probability level are considered to indicate signifi-
cant correlation.

Discussion

The very low correlation between the rainfall and water
level (r = o.1410, p > o.) is due to the observed lag between

the onset of the rains and the rise in the water level. This
has been attributed to the fact that the ground surrounding
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Fig. 6. Monthly variations in the transparency, pH, alkalinity,
dissolved free carbon dioxide, dissolved oxygen, percentage satu-
ration of oxygen and conductivity in the Upper Ogun River
(January 1974 to December 1975).
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a body of water has a tendency to absorb the early rains
until it is saturated (Hill & Webb, 1958; Holden & Green,
1960; Egborge, 1970). Rainfall also showed low correla-
tions with the measured physical hydrology of the river;
Secchi disc transparency (r = -0.3428, o.1 > p > 0.05) and
the afternoon surface water temperature (r = 0.31 I17, p >
0.1), except the morning surface water temperature (r =
0.5908, o.oI > p > o.ooI). These results seem to support
the view that the physical hydrology of freshwater bodies
is not determined solely by the rainfall (Holden & Green,
1960; Egborge, 1970). Egborge (op. cit.), however, singled
out rainfall as the most important climatic factor influen-
cing the physical hydrology of the Oshun River, Nigeria.

Between November and March, a wide difference is ob-
served between the daily maximum air temperature and
the maximum surface water temperature. Macan (1958)
attributed such a phenomenon to the cooling effect re-
sulting from a very high rate of water evaporation taking
place during this period of drought. Conversely, when the
atmosphere is more humid and the rate of evaporation is
lower due to the frequent rains between April and October,
the maximum air and surface water temperatures are quite
close. This observation and the recorded correlation coef-
ficients between the maximum air temperature and the
surface temperature of the water in the afternoon (r =
0.2579, p > o. I) seem to emphasize the importance of the
relative humidity of the ambient air in the determination
of the maximum water temperature. However, the mini-
mum air temperature is more closely related to the after-
noon (r = 0.7105, p < 0o.oo) and morning (r = 0.8927, p <
o.oo) surface water temperatures.

Fine silt held in suspension when the water was lotic was
probably responsible for the extremely low transparency
observed between August and December. As soon as the
water turns lentic in January, it becomes relatively clearer.
The gradual decrease in the transparency after this transi-
tional period of maximal transparency may be due to in-
creasing plankton abundance. In River Sokoto, Holden &
Green (1960) observed that a gradual decrease in the water
transparency between January and August coincided with
the plankton build up in the river. The water level is signi-
ficantly correlated to the transparency (r = -0.7350, p <
0.00 I). The negative value of r is an indication that, gener-
ally, the transparency is low when the water level is high
and vice versa.

The seasonal fluctuation of the water level is also signifi-
cantly correlated to its conductivity (r =-o.8804, p <0.00oo),
pH (r = 0.6298, p < o.ooI) and the alkalinity (r = -o.50o16,
o.oi > p > o.ooi). The negative values ofr indicate that the

conductivity, pH and alkalinity of the water decrease with
the increasing water level. Similar observations have been
made by Holden & Green (1960) and Talling & Rzoska
(1967) on rivers Sokoto and Nile, respectively. In River
Oshun, significant negative correlation coefficients for the
water level-conductivity and water level-pH relation-
ships, but a positive although low relationship between the
water level and the alkalinity, were reported by Egborge

(1970).
The conductivity of the water increases with the in-

creasing values of its total alkalinity. It can be inferred
from this observation that the CO 3 and HCO-3 ions are the
major ions of the Ogun River. This is an indication that the
lime content of its catchment area is high (Strom, 1939).
Similar observations have been reported by Holden &
Green (1960), Talling & Rzoska (1967) and White (I966)
for Rivers Sokoto, Nile and Niger, respectively. The domi-
nant ions in River Oshun were SiO3- and Ca++ (Egborge,

1970).
In River Ogun, it was observed that the peak periods of

the pH, alkalinity and conductivity coincided and that the
pH and conductivity readings were significantly correlated
(r = 0.4647, 0.02 > p > o.oI). The Secchi disc transparency
was also closely correlated to the conductivity (r = 0.7849,

p < o.ooI) and alkalinity (r = 0.5071, 0.01 > p > 0.001).
White (1966) and Egborge (1970) opined that a significant
positive correlation between transparency and conductivi-
ty is an indication of increasing adsorptions of ions on the
suspended matter with increasing concentration of the lat-
ter and vice versa. This means that the ions in River Ogun
existed to a large extent in loosely adsorbed forms on the
surfaces of the suspended materials.

The seasonal variation of the chemical hydrology of the
Ogun River is broadly similar to those of River Sokoto in
the northern part of Nigeria (Holden & Green, 1960) and
River Oshun before its impoundment in the southern part
of Nigeria (Egborge, I970). Differences in the annual
ranges and the number of peaks in the annual variations of
their chemical hydrology exist. These can be accounted for
by the differences in their geographical locations and
physical hydrological conditions.

A case in point is the seasonal fluctuations of their dis-
solved oxygen concentrations (DO2). Peak DO2 occur in
these rivers between May and June and in September. The
May-June peak was attributed to phytoplankton bloom
while the September peak was attributed to the rigorous
aeration of the water due to the rapidity of the water flow
concomitant with the high flood (Holden & Green, 1960;
Egborge, 1970). A third peak caused by the strong harmat-
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tan wind was recorded in the Sokoto River in January

(Holden & Green, op. cit.). The harmattan wind in the

southern Nigeria was probably not strong enough to effect

a January peak in DO2 in Rivers Ogun and Oshun.

Another example is the similarity in their ionic contents.

Holden & Green (op. cit.) observed that the total ionic

content of River Sokoto was generally low. The conduc-

tivity of River Oshun (44-96 rzmhos) was also considered

low by Egborge (1970). The latter is comparable to that of

the Ogun River (31-131 mhos). The wider conductivity

range recorded for Ogun River might be due to the fact

that its water flows only seasonally.

The lentic phase of the Ogun River's transparency, con-

ductivity, pH and alkalinity were higher while its dissolved

free carbon dioxide was lower than the lotic phase's. All

these indicate that the primary production in the lentic

phase is higher than in the lotic phase of the river (North-

cote & Larkin, 956; Khan & Siddiqui, 1971).

Whitney (1942) asserted that fluctuations of the water

temperature influence pH, DO2 and CO 2 pulses of the wa-

ter. The lentic phase of the Ogun River showed a more

marked thermal instability with respect to the lotic phase.

This goes to suggest that the water during the lentic phase

is probably less stable chemically when compared with the

conditions obtained during the lotic phase. The possible

impact of the exigencies of the instability of the environ-

mental conditions of this river on its resident fauna and

flora needs to be investigated.
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