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ABSTRACT

The physico-chemical features and phytoplankton community of the
upper reaches of the New Calabar river at Aluu were studied at high and
low water slacks for a period of 12 months.

The water was acidic (pH 5.5 - 6.5) with low alkalinity (10 - 20mg
CaCO3 L'}y and characteristically soft (total hardness ranging from 10 to
60mg CaCO3 L'1). There was obvious seasonal flux in the silica level, with
dry season having higher values than wet season.

The phytoplankton was predominated by the diatoms which constituted
more than 85% of the total phytoplankton population. The predominant
taxa were Melosira sp. Tabellaria spp. Surirella spp. and Navicula spp.
The phytoplankton density was significantly higher during the dry season
than rainy season (Czekanowski's Coefficient. C, = 0.332) but there was no
significant difference between the high and low tide values (C, = 0.66).



INTRODUCTION

Limited information is available on the water quality of the New Calabar
river (Nwadiaro and Ezefili, 1986) especially as it affects its upper reaches.
This paper deals with some physio-chemical features and phytoplankton of
the river at Aluu. The use of Aluu as our sampling station is relevant
because of its position as the jransitional point between the swamp forest
freshwater and the oligohaline stretches of the river; and also due to the
use of the water (Aluu) as a point source for the new African Regional
Aquaculture Centre fish farm. No detailed study on the effect of the tidal
and seasonal influence on the hydro-chemistry and phytoplankton dynamics
of the river has been conducted. This study is aimed at evaluating the
physico-chemicaland phytoplankton status of the river so as to give an
insight into the quality of water (through the seasons) being received by the
ponds and in addition provide information on the hydro-chemistry and
phytoplankton of the river.

The Study Area

The New Calabar river is a black water type (RPT 1985) located in the
Rivers State, Nigeria. It lies on the eastern arm of the Niger Delta and
empties into some creeks and coastal lagoon bordering the Atlantic ocean
(see Figs. I'and II). At the source at Elele-Alimini the water is fresh and
acidic but brackish and tidal at the mouth. Aluu is in the upstream part of
the river, where the river is fresh and tidal. The climate of the area is
characterised by a dry season during November to March and wet season
during April to October with monthly average rainfall of 25.4cm.

MATERIALS AND METHOD

Sub-surface water samples were collected at high and low water slacks
forthnightly from April, 1984 to March, 1985 for the physio-chemical and
phytoplankton analyses. The water slacks represent the transition period
between the high and low tides and at this time current velocity is near
zero.

Kemmrer bottle sampler and the analyses were carried out on the field. *

«thermometer, pH was measured with a ‘Fisher Accumet - model 50" field pH
meter while transparency was determined using a secchi disc. The
dissolved oxygen content was determined by the Winkler method (Welch,
1948) while total alkalinity and hardness were determined with the Bausch
and Lomb field titrimetric kit. The spectrophotometric determination of
silica was done using the Bausch and Lomb mini spectronic 20 reagent
system.

Phytoplankton samples were, collected by filtering 100 litres of water
sample through a 55u mesh size plankton net. The filterate sample was
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Water temperature was measured to the nearest 0.1°C with a mercury-glass - =
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washed into a collecting bottle and immediately fixed in 4% formalin. In the
laboratory, the samples were allowed to stand for 48 hours before the
supernatant was carefully pipetted off until a 50ml volume concentration
was obtained. From a properly shaken sample, 1Iml sub-sample was
collected and transferred into a Sedgewick - Rafter counting chamber using
a Stempel pipette. Identification and enumeration was done using a Leitz-
Wetzlar binocular microscope at magnification between 40-400. For each
sample, 3 replicates were counted.

Three indices were used to obtain the estimate of species diversity.
These are (1) Taxa richness, S or number of genera present in a sample (2)
Shannon-Wiener (1963) information function, H given by the equation:

S
H = -2pilogpi

1
where pi is the proportion of the ith species in the sample, and (3)
Equitability or evenness, E, given by Zuzas and Gibson's equation (cited in
Sen Gupta and Kilbourne, 1974).

£ et ient
s
S = number of taxa

E is only a measure of evenness and will have a maximum value of 1 when
all species, regardless of their number are present in equal proportion (Sen
Gupta and Kilbourne, 1974).

Correlation coefficient, r, was calculated for the physico-chemical
parameters; and between the physico-chemical parameters and total
phytoplankton te determine the relationships between the wvariables.
Czekanowski's, C, (Hellawell, 1978) was used to compute the level of
similarities of the phytoplankton numbers at the different tides and seasons
using the equation:

= 2W
hanileng B
where A = Sum of measures of sample A
B = Sum of measures of sample B
W = The sum of lesser measures of abundance common

to both sample.

This coefficient has a maximum value of 1, the higher the value the more
similar the sample under comparison. Student t- tests were also done to
determine the differences between the high and low tide physico-chemical
values,



The low phytoplankton density recorded is a feature of tropical black
waters especially the black water types of the Niger Delta which are known
to be less productive ‘than other back water types (RPI, 1985). Other
investigations have revealed this same low phytoplankton density and
diversity (Hess et al, 1985; IPS, 1986 and Powell and Chindah, 1986). The
general low abundance of phytoplankton in African black water types is
associated with water colour, low pH and low concentration of inorganic
ions (RPI, 1985; Adeniyi, 1986 and IPS, 1986). The limited resident time
of the water system could also cause low phytoplankton density (Day, 1981)
particularly because of the peculiar fast ebbing rate of the New Calabar -
Bonny system (Dangana, 1985).

The three indices of diversity used (Shannon-Weiner diversity index,
Evenness and taxa richness) show a comparatively low diversity of the
phytoplankton. In other relatively rich systems the number of species
exceed 400 while value of Shannon-Weiner range between 3.0 and 5.8
(Day, 1974). Nwadiaro and Ezefili (1986) reported low diversity of the algal
flora in the New Calabar river and asserted that this resembled some of
other Nigerian rivers already studied (RP1 1985; IPS 1990). Onuoha (1980)
also reported low diversity (29 genera) of phytoplankton in the Bonny river.
Seasonal and tidal variations were not shown in the taxa composition and
diversity of the phytoplankton but these rather affected their abundance.
The evenness values indicate a high degree of dominance of a few species
as confirmed by four diatom general.  The predominance of the
Bacillariophyceae in the phytoplankton is a common feature of open lotic
waters with fast currents (Egborge, 1974). In such waters the individuals of
the genus Melosira are known to dominae as is the case in this study. The
low occurence of the Cyanophyceae in number and diversity is in part due
to the fast flowing nature of the river since these organisms thrive best in
slow flowing to lentic water bodies.

The seasonal pattern of higher and lower densities of the total
phytoplankton during the dry and wet seasons respectively agrees with the
results of other investigators in tropical West Africa. Holden and Green
(1960) found that during floods, high water levels dilute nutrient
concentrations and phytoplankton numbers. Biswas (1966), Imevbore
(1969), and Egborge (1974) have also shown this same increased nutrient
level and the attendant high phytoplankton numbers during dry season.
The greater day length during dry season than wet season is probably
another reason for this seasonal pattern.

The negative significant relationship between temperature and
transparency (r = 0.46) obtained in this study is possibly a result of the
increased blocking effect of suspended matter on heat radiation with
decreasing transparency. The radiated heat is stored more at the sub-
surface layer with decreasing transparency.

Temperature was higher during the dry season; which also corresponds
to the time of greater phytoplanktonic production, perhaps due to reduced
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flushing rate and increased nutrient. The evolution of more oxygen from
greater phytoplanktonic activity may perhaps account for this temperature
and D. O. relationship. The negative correlation of transparency with total
hardness is at variance with the observation of Adebisi (1980) which
indicated a close positive correlation between transparency and
conductivity. The author adduced this relationship to increased adsorption
of ions on suspended matter with increasing turbidity. For the New
Calabar river, however, it may be that the ions (essentially, Mg2+, HCO-3,
C0O32) exists predominantly in solution and not in very loosely adsorbed
forms in suspended matter as reported in Adebisi (1980). Our study shows
that a reduction in turbidity or increase in transparency would give inverse
levels of temperature and hardness. The above related process is the likely
reason for the positive significant relationship between temperature and
hardness. At low transparencies which coincide with high hardness
values, high temperatures are expected and achieved. The positive
correlation of pH with silica is perhaps linked with the degradation of dead
cells of diatoms which are sources of silica generation in waters. This
degradation process is known to progress faster with increasing pH (Boyd
and Lichktoplanton, 1979).

The positive correlation between alkalinity and total phytoplankton and
also the latter and hardness is perhaps associated with the mineralization in
the water system. Increase mineralization (i.e. increase in alkalinity and
hardness) is known to boost phytoplankton production (Boyd, 1979) since
there is increase level of free carbon dioxide used for algal photosynthesis.
Moreover, alkalinity is regarded as a measure of productivity of natural
waters and so its direct relationship with total phytoplankton is expected.
The active utilization of silica by diatoms (which constitute the bulk of
phytoplankton of the New Calabar river) for formation of their skeletal
structure explains the positive relationship silica and total phytoplankton.

SUMMARY

Our results show that the New Calabar river at Aluu is soft, oligotrophic
with low phytoplankton diversity. The phytoplankton is dominated by four
genera of the bacillario-phyceae. Silica level and phytoplankton abundance
had seasonal influence while no tide-related changes were observed in the
physico-chemical properties and phytoplankton of the river. This could be
attributed to the non-intrusion or negligible influence of brackishwater in
the New Calabar river at Aluu; perhaps because Aluu is quite distant (about
60km) from the open sea and thus receives mainly freshwater inputs.

Although the presence of toxicants in the river was not determined in
this study, available information (Erondu, 1983 and Erondu. unpubl.)
shows that the water is suitable for acquatic life production. The acidity,
softness and sub-optimal levels of other physico-chemical parameters and
low productivity can be improved by liming and fertilization of ARAC ponds
at Aluu which are currently in use.
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TABLE 1: TOTAL PHYTOPLANKTON (No. of cells/ml of sample) of New Calabar River at Aluu
April 1984-March 1985
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AS | ERIUNELLA
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PLEUROSIGMA
PINNULARIA:
SYNEDRA
SURIERELLA
TABELLARIA
NITZSCHIA
MERIDION
CYANOPHYCEAE
OSCILLATORIA
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CLADOPHORA
SPIROGYRA
ULOTHRIX
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Table II: Mean Phytoplankton Diversity of the New Calabar River (April
1984 - March 1985). Number of Taxa (S). Shannon-Weiner's
Diversity Index (D.I). High Water Slack (HWS), Low Water Slack

(LWS).
Parameter Zone S (D.1) Evenness
Total Phytoplanktor HWS 28 2.009 0.2761
LWS 2 2.1208 0.3335
Bacillariophyceae HWS 17 1.8086 0.3589
LWS 16 1.8454 0.3957
Cyanophyceae HWS 4 0.3844 0.3672
LWS 3 0.2234 0.3126
Chlorophyceae HWS 6 0.3879 0.2456
LWS 6 0.4940 0.2731

Table : The correlation Coefficient (r) Matrix for the Physico-chemical
variables in New Calabar river (April 1984 - March 1985) * =
significant value of P < 0.05

Temperature Transparency D.O. g} Alkalinity ~ Hardness Silica
Temperature
Transparency -0.4633"
D. O. 0.4689* -0.0527
pH 0.1107 0.1125 0.1394
Alkalinity 0.1047 -0.0367 -0.23 0.3618
Hardness 0.5554* -0.4304" 0.1125 -0.0424 0.2466
Silica 0.0235 0.0946 0.0464 0.04862° 0.087 -0.1584

Table IV:  Correlation Coefficient (r) values of Total Phytoplankton and
some Physico-chemical Parameters.
(* = Significant value at P< 0.05)

Parameters Calculated r
Total Phytoplankton and Temperature 0.2573
Total Phytoplankton and Transparency -0.1752
Total Phytoplankton and D. O 0.2934
Total Phytoplankton and pH : 0.3861
Total Phytoplankton and Alkalinity 0.4633°
Total Phytoplankton and Hardness 0.4751°
Total Phytoplankton and Silica 0.4554"
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Fig. 1: MAP OF THE LOWER NIGER DELTA SHOWING
THE POSITION OF THE STUDY AREA
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Fig. 2: MAP OF THE NEW CALABAR RIVER SHOWING
SAMPLING STATION
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Fig. 3: MEAN VALUES OF SOME PHYSICO-CHEMICAL e
PARAMETERS OF THE NEW CALABAR RIVER AT ALUU ")

(April, 1984 - March, 1985) 4
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KEY

Fig. 4: MEAN PHYTOPLANKTON COUNTS OF THE
NEW CALABAR RIVER AT ALUU W | High Water Slack
(April, 1984 - March, 1985) :
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