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Abstract: Dinamica de temporada del fitoplankton en dos rios tropicales de tamaño e impacto humano 
variado en el sureste de Nigeria. Phytoplankton occurrence and dynamics in rivers are mainly shaped by 
hydrophysical conditions and nutrient availability. Phytoplankton main structuring factors have been poorly 
studied in West African rivers, and this study was undertaken to identify these conditions in two tropical rivers 
that vary in size and human impact. For this, environmental variables and phytoplankton monthly samples were 
collected from the middle reaches of Asu and Cross rivers during an 18 months survey from March 2005-July 
2006. Phytoplankton biomass (F=11.87, p=0.003), Shannon-Weiner diversity and species richness (F=5.93, 
p=0.003) showed significant seasonality in Asu but not in Cross River. Data was analyzed with Canonical 
correspondence analysis (CCA) and showed environmental differences between the two rivers, nitrate in Asu 
River (5.1-15.5mg/L) was significantly higher than Cross River (0.03-1.7mg/L), while PO4 (0.2-0.9mg/L) 
was significantly lower in Asu River compared to Cross River (0.03-2.6mg/L) (p<0.05). Eutrophic factors 
(NO3) determined primarily phytoplankton dynamics in Asu River, especially during the dry season, whereas 
hydrophysical factors (depth, transparency and temperature) shaped phytoplankton in Cross River. Taxa indica-
tive of an eutrophic condition, such as Euglena, Chlorella, Chlorococcus, Ceratium, Peridinium, Anabaena, 
Aphanizomenon, Closterium, Scenedesmus and Pediastrum spp., were frequently encountered in the shallow 
impounded Asu River, while riverine species, such as Frustulia rhomboids, Gyrosigma sp., Opephora martyr 
and Surirella splendida dominated Cross River. A succession pattern was observed in the functional groups 
identified: Na/MP→TB→P (rainy→dry season) was observed in Asu River, whereas MP/D predominated in 
Cross River for both seasons. We concluded that, if nutrients predominate hydrophysical factors in shaping phy-
toplankton during dry season (half of the year) then, they are as important as hydrophysical factors structuring 
phytoplankton during rainy season (the other half). Rev. Biol. Trop. 61 (4): 1827-1840. Epub 2013 December 01.
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West Africa is located in the tropical 
region with well defined dry and rainy sea-
sons. Therefore limnological features of rivers 
are extremely variable between seasons and 
between small and large rivers, where the 
factors regulating phytoplankton species com-
position, size and dynamics show similar vari-
ability (Salmaso & Braioni, 2008). High water 
velocities and turbidity during rainy season 
limit the phytoplankton chances to transform 
light and nutrients into algal biomass (Søballe 
& Kimmel, 1987; Lewis, 1988; Reynolds & 

Glaister, 1993). Nevertheless, during the dry 
season, when water velocity attenuates, nutri-
ent concentrations increase and water clarity 
improves, algal biomass could be elevated due 
to increased efficient utilization of nutrients 
(Bukaveckas et al., 2011). The interaction 
between regulatory physical, chemical and 
biological factors to structure phytoplankton is 
modified by anthropogenic alterations of rivers 
such as dam constructions and re-channeliza-
tion (Soares, Huszar & Roland, 2007). This 
trend seemingly encourages high development 
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in river middle reaches, due to reduced flux 
and increased innocula from riparian shallow 
floodplain lakes and/or back waters (Köhler, 
1994; Reynolds & Descy, 1996).

Worldwide, phytoplankton are less stud-
ied in rivers compared to lakes and reservoirs 
(Soares et al., 2007), especially in West Africa 
where there is sparse studies. Available infor-
mation (Holden & Green, 1960; Egborge, 
1973; Nwadiaro & Ezefill, 1986; Chindah & 
Pudo, 1991; Chindah & Braide, 2004) is often a 
floristic documentation of encountered species. 

Studies have shown that unlike in lakes 
and reservoirs where zooplankton grazing 
and nutrients are the dominant limiting fac-
tors, phytoplankton in lotic environments are 
directly regulated by hydrophysical factors 
(Billen, Garnier & Hanset, 1994; Sabater et al., 
2008; Perbiche-Neves, Serafim-Júnior, Shirata 
& Lagos, 2011). The dominant regulatory fac-
tors generally reported are discharge, wind, 
transparency and water temperature (Reyn-
olds, 2006; Salmaso & Braioni, 2008). This 
delimits true planktonic species to the few 
that are capable of rapid reproduction/growth 
and can survive turbulence and light fluctua-
tions (R-strategist), mainly diatoms and chlo-
rophytes (Reynolds et al., 1994; Köhler, 1994; 
Soares et al., 2007). Nutrients are considered 
to play only subordinate role in determining 
algal biomass compared to hydrophysical fac-
tors (Biggs & Smith, 2002; Mitrovic, Chess-
man, Davie, Avery & Ryan, 2008). However, 
some studies have shown a direct relation-
ship between chlorophyll-a and indicators of 
eutrophication (Basu & Pick, 1996; Van Nieu-
wenhuyse & Jones, 1996; Dodds; 2006). The 
response of rivers to eutrophication differs 
remarkably from that of a lake due to physical 
factors, namely turbidity effects on light avail-
ability and short water residence times (Søballe 
& Kimmel, 1987; Sellers & Bukaveckas, 2003; 
Koch, Guelda & Bukaveckas, 2004; Ken-
nedy & Whalen, 2008). These factors con-
strain phytoplankton production by reducing 
the efficiency with which light and nutrients 
are converted to biomass. Phytoplankton suc-
cessions in rivers are presumably driven by 

allogenic factors such as temperature, light 
regime, discharge rate and turbidity (Reynolds, 
1984; Rossetti, Viaroli & Ferrari, 2009). How-
ever, del Giorgio, Vinocur, Lombardo & Tell 
(1991) suggested that phytoplankton succes-
sion in rivers become increasingly autogenic 
with increasing eutrophication.

Most rivers around the world are progres-
sively more eutrophic from point and non-point 
pollution sources, thus, prompting numerous 
studies to evaluate their response to eutrophica-
tion. West African rivers are no exceptions and 
many are eutrophic due to urbanization, agri-
cultural and industrial activities and improper 
disposal of domestic organic wastes (Mathoo-
ko, 2001). Deteriorating water quality could 
lead to proliferation and increased biomass 
of toxin producing Cyanobacteria, especially 
in regions of reduced flow (Padisák, 1997), 
however, the response of rivers to eutrophica-
tion are less understood compared to lakes 
and reservoirs and more studies from different 
geographical/climatic regions are required for a 
proper understanding of  the response pattern. 

In this study, we applied both taxonomical 
and functional group approaches to evaluate 
(i) species composition, biomass, diversity and 
seasonal dynamic of the phytoplankton com-
munity, and (ii) their dependence on hydro-
physical factors and nutrient concentrations in 
order to identify the main structuring forces in 
two rivers differing in size and nutrient level. 
More specifically, we hypothesize that eutro-
phic factors (NO3 and PO4) become increasing-
ly important forcing factors to phytoplankton in 
shallow compared to large rivers.

MATERIALS AND METHODS

Study area: The Cross and Asu rivers 
are located in the South-Eastern part of Nige-
ria. Cross River system lies approximately 
between longitude 3°30’ E and 10°00’ E and 
latitude 4°N and 8°N. The river basin covers 
an area of 54 000km2 with 14 000km2 in the 
Cameroon and 39 500km2 in Southern Nigeria. 
Mean annual discharge at Obubra is 995m3/s 
with minimum and maximum values of 80m3/s 
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(February) and 3 300m3/s (September), respec-
tively (Moses, 1987). The middle reaches of 
Cross River are dotted with several floodplain 
lakes, which are absent from Asu. Asu River 
though a major tributary of the Cross River, 
has received little limnological attention. Both 
rivers drain several farmlands and receive 
run-offs from Abakaliki, Afikpo, Unwana and 
Ozziza municipalities. Asu River is further 
impacted by the dam constructed to supply 
water to Abakaliki town. The rivers are located 
within the tropical climatic zone with dry sea-
son (November-April) and rainy season (May-
October). Maximum precipitation (about 70% 
of the total) occurs between June and October.

Sample collection: Samples were collect-
ed from four sites within the middle reaches of 

the Cross River, Itigidi (CR1), Ozizza (CR2), 
Ndibe (CR3) and Unwana (CR4) (Fig 1). 
Two sites were sampled from Asu River, AR1 
(middle reaches of the river) and AR2 (reser-
voir). Surface water samples were collected 
using modified Von Dorn water sampler in 
a monthly basis between March 2005 and 
August 2006; these samples were analyzed for 
environmental variables and plankton. Water 
transparency was determined using Secchi disc 
and water depth was read from permanent cali-
brated poles mounted in the sites. Temperature, 
dissolved oxygen (DO), pH, total dissolved 
solids (TDS) and conductivity were determined 
in situ using Hanna digital thermometer, DO 
meter (model HI 9142), pH meter (model HI 
98108), TDS meter and conductivity meter 
(model HI 98303), respectively. Phosphate 

Fig. 1. Studied area.

Map of Nigeria

7º45´E AFIKPO N E 8º10´E

7º45´E 8º10´E

6º00´N

5º45´N

SCALE 1:100 000

Contour

Sampled site

Study area

Major road

River

Minor road

Legend

AR1



1830 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 61 (4): 1827-1840, December 2013

(PO4) and nitrate (NO3) were determined in 
the laboratory according to the methods of 
APHA (1992) using atomic adsorption spectro-
photometer (AAS). Rainfall data were kindly 
provided by Nigerian Meteorological Services, 
Calabar Airport, Cross River State, Nigeria.

Phytoplankton samples were collected 
concurrently with environmental data from 
the different sites, fixed separately in 5% buff-
ered formalin and then taken to the laboratory 
for identification. Phytoplankton identification 
to species was achieved using an Olympus 
microscope (Model BHTU BH-2). Quantitative 
assessment of phytoplankton abundance was 
done by counting individuals of each species 
settled in Utermöhl chambers and presented 
as the number of individuals per litre (ind./L). 
Algal biovolume was estimated by measuring 
individual cells and the volumes calculated 
according to geometrical solids (Rott, 1981). 
Phytoplankton biovolume (mm3/L) was then 
obtained by multiplication of density of each 
species by the average volume of its cells 
(Hillebrand, Dürselen, Kirschtel & Pollingher, 
1999). Specific biomass was expressed in mg 
(fresh weight)/L, assuming a specific den-
sity of phytoplankton cells of 1g/cm3. Species 
contributing ≥5% to total biomass (Padisák et 
al., 2003) were sorted into functional groups 
using the guide of Reynolds et al. (2002) and 
Padisák, Crossetti & Naselli-Flores (2009). 
Species richness (SR) was estimated as the 
number of taxa in a sample and diversity (H’) 
was calculated using Shannon-Weiner index 
(Shannon & Weaver, 1963). 

Seasonal and spatial difference in envi-
ronmental and phytoplankton data were tested 
using a 2-way analysis of variance (ANOVA) 
and Duncan multiply range test used for post 
hoc analysis. The relationship between envi-
ronmental data and the biomass of phytoplank-
ton functional groups was analyzed through 
canonical correspondence analysis (CCA; Ter 
Braak, 1986). The null hypothesis of “no 
structure in main matrix and therefore no rela-
tionship among matrices (biotic and abiotic)” 
was tested through Monte Carlo procedures. 
ANOVA and CCA were performed with SPSS 

statistical package, version 15 and PC-ORD 
version 5, respectively.  

RESULTS

Temperature varied significantly between 
seasons (p<0.05) from 25.1-31.1°C during the 
rainy season to 26.7-34.5°C during the dry sea-
son. Transparency and water depth varied sig-
nificantly between seasons in both rivers and 
between sites in Cross River only. The highest 
depth (26.7 m) was recorded for site 2 (Cross 
River) in July 2006. The mean monthly varia-
tions in rainfall and depth are shown in Fig. 2. 
Dissolved oxygen varied significantly between 
rivers, seasons and sites and was significantly 
higher (p<0.05) in Cross River (4.1-8.1mg/L) 
compared to Asu River (3.2-7.5mg/L). Con-
ductivity and total dissolved solids (TDS) 
were significantly higher in Asu River than in 
Cross River (Table 1).

In Asu River, NO3 was significantly higher 
during the dry season while variation in PO4 
was not. However, NO3 was not significantly 
variable between seasons in Cross River but 
PO4 was significantly higher during dry season 
(p<0.5). Nitrate values in Asu River (5.1-
15.5mg/L) were higher than those of Cross 
River (0.03-1.7mg/L) while PO4 values were 
significantly lower in Asu River (0.2-0.9mg/L) 
than in Cross River (0.03-2.6mg/L). 

A total of 184 taxa from eight Divisions 
(Chlorophyta, Bacillariophyta, Euglenophyta, 
Dinophyta, Chrysophyta, Xanthophyta, Cryp-
tophyta and Cyanobacteria) were encoun-
tered in the rivers. Chlorophyta was the most 
abundant and diverse taxa in Asu River (56 
taxa, 52.8%) while Bacillariophyta was the 
most abundant group in Cross River (39 taxa, 
42.3%). Species richness was higher in the 
latter river (106 taxa) compared to the for-
mer (92 taxa), only 14 species were common 
to both rivers. 

In Asu River (AR1), Chlorophyta biomass 
significantly decreased in rainy from dry sea-
son values (F=11.3, p H’=0.004) while Bac-
illariophyta increased significantly (F=14.0, 
p=0.004) within the same period, a contrary 
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pattern was observed in AR2 (reservoir). But 
in Cross River, Chlorophyta and Cyanobacteria 
biomass increased significantly in rainy sea-
son (F=186.6, p<0.0001) while Bacillariophyta 
decreased significantly from dry season values 
(F=1575.8, p=0.000002) (Fig. 3). 

Total biomass (F=11.87, p=0.003), Shan-
non-Weiner diversity (F=5.93, p=0.003) and 
species richness (F=5.93, p=0.003) varied sig-
nificantly between seasons in Asu River, how-
ever, only species richness exhibited significant 
variability between sites (F=9.52, p=0.004) in 
the river. Peak values in species richness (92 
taxa), Shannon-Weiner diversity (6.2 bit/ind.) 
and total biomass (0.5mg/L) were attained in 
March 2005 in Asu River (Fig. 4). In Cross 
River, total biomass, Shannon-Weiner diver-
sity and species richness neither exhibited sig-
nificant seasonal nor spatial variability, though 
values were higher during the dry compared 
to rainy season. Peak biomass (>10mg/L) was 
attained in all sites in the Cross River in Febru-
ary 2006 (Fig. 4f). The lowest species richness, 
Shannon-Weiner diversity and total biovolume 

were recorded for the sites during July-August 
of each year (peak rainfall). 

Twenty-one (21) functional groups (FG) 
were identified in both rivers, 15 from Cross 
and 17 from Asu (including the reservoir), the 
frequently observed groups are shown in Table 
2. During the rainy season, pennate diatoms 
and desmids from functional group P (Closte-
rium sp.), Na (Cosmarium sp. and Tabellaria 
sp.), MP (Navicula spp.) and TB (Nitzschia 
sp.) accounted for more than 95% biomass in 
Asu River (Fig. 5), while Na (Cosmarium sp.), 
P (Closterium sp.) and MP (Frustulia sp.) were 
dominant during the dry season. In the reser-
voir, P (Closterium sp.) and H1 (Anabaena sp.) 
were dominant during the dry season, while 
the former and S1 (Lyngbya sp.) predominated 
during the rainy season. In Cross River, MP 
(Frustulia rhomboides and Gyrosigma sp.), D 
(Opephora martyr) and TB (Surirella splendi-
da) were predominant during the dry and rainy 
season. Functional group succession pattern 
was Na/MP→TB→P in Asu River and P→S1 
(rainy→dry season) in the reservoir. In Cross 

Fig. 2. Variations in water level in Cross River (closed circle), reservoir (star) and Asu River (closed triangle and rainfall 
(bars) during the study period.
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River, MP and D were alternately dominant 
during dry and rainy season.

Canonical correspondence analysis (CCA) 
showed that the first two axes accounted for 
48.8% of plankton-environment association 
(Fig. 6). Nitrate (-0.96), TDS (-0.75), con-
ductivity (-0.72), depth (0.69), pH (-0.42) 
and PO4 (0.35) explained variability in axis 
1. Dissolved oxygen (0.73) and temperature 
(0.40) explained most of the variation in axis 
2. Monte Carlo test performed along with 
CCA showed that the first axis was signif-
icant (eigenvalue=0.87, p=0.001), this axis 
was mainly related to eutrophication factors 
(high NO3), while axis 2 was attributed to 
hydrophysical factors (temperature, dissolved 
oxygen and transparency). Thus, explaining 
occurrence of diverse taxa indicative of eutro-
phication such as Euglena sp. (W1), Chlorella 
sp. (K), Chlorococcus sp., Ceratium sp. and 
Peridinium sp. (Lo), Anabaena sp. and Apha-
nizomenon sp. (H1), Closterium sp. (P) and 
Scenedesmus sp. and Pediastrum sp. (J) in the 
reservoir and Asu River compared to the less 
eutrophic Cross River. 

DISCUSSION

Asu and Cross rivers are under the same 
climatic influence (temperature and rainfall), 
however, they differ in size and human impact. 
Impoundment of Asu River modified season-
al flow and water level fluctuations, which 
appeared to impact the water quality. The river 
and reservoir increasingly become eutrophic 
with decreasing pluviosity; high NO3, conduc-
tivity, TDS and increased oxygen demand were 
observed during the dry periods. Reservoirs are 
well reported in literature to modify the down-
stream water quality of rivers (Soares et al., 
2007). The opening and closing of reservoir’s 
gates (for water level regulation) substan-
tially influence water quality and hydrology 
downstream the river and consequently, could 
influence the seasonal development of phyto-
plankton in rivers where dams are constructed. 
The NO3 (Asu) and PO4 (Cross) concentrations 
were generally high and showed dissimilar sea-
sonal dynamics in the rivers, probably due to 
deliveries from divergent sources such as farm-
lands and municipalities. Similar observations 

Fig. 3. The relative abundance of the different phylogenic groups in the sampled stations of Asu River (AR) and Cross River 
(CR) during dry and rainy season.
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have been made on other river such as Parai-
buna River (Soares et al. 2007) and Po River 
(Tavernini, Pierobon & Viaroli, 2011). 

Peak phytoplankton biomass, species rich-
ness and diversity observed during the dry 
season in both rivers and reservoir, were attrib-
uted to favorable climatic and hydrologic con-
ditions resulting from elevated temperature, 
solar irradiation and increased water retention 
time. Such conditions tend to encourage algal 

development in rivers (Soares et al., 2007; Per-
biche-Neves et al., 2011). The reasons for such 
elevation in biomass are more directly attrib-
uted to efficient utilization of light and nutrient 
and reduction in algal wash-out (Bukaveckas et 
al. 2011). However, algal biomass was higher 
in the larger river (Cross) than the shallow 
Asu River. The presence of extensive flood-
plain lakes in Cross River (which is absent in 
Asu) provides readily suitable explanation to 

Fig. 4. Monthly variations in species richness in Asu (A) and Cross River (B), phytoplankton biomass Asu River (C) and 
Cross River (D) and Shannon-Weiner diversity index Asu (E) and Cross River (F).

N
º. 

of
 s

pe
ci

es

100

80

60

40

20

0

100

80

60

40

20

0

AR1

A. Asu River B. Cross River

A. Asu River B. Cross River

A. Asu River B. Cross River

AR2 CR1 CR2 CR3 CR4

N
º. 

of
 s

pe
ci

es

A B

C D

E F

M
ar

. 0
5

M
ay Ju

l.

Se
p.

N
ov

.

Ja
n.

 0
6

M
ar

.

M
ay Ju

l.

M
ar

. 0
5

M
ay Ju

l.

Se
p.

N
ov

.

Ja
n.

 0
6

M
ar

.

M
ay Ju

l.

M
ar

. 0
5

M
ay Ju

l.

Se
p.

N
ov

.

Ja
n.

 0
6

M
ar

.

M
ay Ju

l.

M
ar

. 0
5

M
ay Ju

l.

Se
p.

N
ov

.

Ja
n.

 0
6

M
ar

.

M
ay Ju

l.

M
ar

. 0
5

M
ay Ju

l.

Se
p.

N
ov

.

Ja
n.

 0
6

M
ar

.

M
ay Ju

l.

m
gl

-1

m
gl

-1

0.6

0.5

0.4

0.3

0.2

0.1

0

12

10

8

6

4

2

0

Bi
t/

in
d

7

6

5

4

3

2

1

0

Bi
t/

in
d

7

6

5

4

3

2

1

0

M
ar

. 0
5

M
ay Ju

l.

Se
p.

N
ov

.

Ja
n.

 0
6

M
ar

.

M
ay Ju

l.



1835Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 61 (4): 1827-1840, December 2013

the difference in biomass (Okogwu, Nwani & 
Ugwumba, 2009). Floodplain lakes and back 
waters could substantially influence the algal 
composition of rivers by providing inoculum 
that enhances the diversity and biomass of phy-
toplankton (Rojo, Colbelas & Arauzo, 1994; 
Tavernini et al., 2011).

The phytoplankton of Asu River, thus 
appear to be influenced by the reservoir, which 
is similar to previous observations (Reynolds 
& Descy, 1996) on impounded rivers. Increas-
ing importance of Cyanobacteria in reservoirs 
especially during periods of low precipitation 
as observed in this study is a common phenom-
enon (Padisák, 1997; Marinho & Huszar, 2002). 
The dominant Cyanobacteria in the reservoir, 
Anabaena sp. could have profited from high 
temperature and NO3, and low transparency 
as well as relatively stable water column. We 
therefore conclude that while phytoplankton 
development in Cross River was influenced by 
the presence of floodplain lakes, phytoplankton 
in Asu River were overwhelmingly affected by 
the reservoir and eutrophication.

The collapse of the phytoplankton com-
munity during the rainy season occurred during 
the period of high water discharge, turbidity 
and suspended solids. Here, a major dilution 
of the phytoplankton biomass and a decrease 
in water temperature and water retention time 
also seem to play a role. In addition, dete-
riorating physiological status of diatoms (due 
to prolonged poor light conditions resulting 
from low transparency) and wash-out enhanced 
algal loss (Reynolds, 1997) during turbulent 
periods. Such conditions are known to retard 
phytoplankton development (Reynolds, 2006; 
Salmaso & Braioni, 2008); species loss under 
these conditions overwhelms recruitment. The 
algal community is thus delimited to a few 
species capable of exploiting these extreme 
conditions (Devercelli, 2010), which are usu-
ally small unicellular pennate diatoms and 
desmids (Reynolds, 2006; Soares et al., 2007). 
Therefore, the decline in biomass is not limited 
to low algal productivity but also due to dimi-
nution in large-sized species. Hence, during 
the rainy season, both rivers supported algal 

TABLE 2
Frequently observed phytoplankton functional groups in Asu River and Cross River

Functional Group coda Species included
X1 Ankistrodesmus braunii, A. fractus, A. falcatus, Selenenastrum sp.
J Coelastrium microporum, C. cambium, Coelastrium sp., Crucigia rectangularis, Padiastrium 

sp., Scenedesmus quadracauda
P Closterium leibleinii, Aulacosira granulata
Na Cosmarium margaritatum, C. panamense, C. sp., Micrasterias radiata, M. americana, M. 

foliacea, Spinocosmeri´gggum quadridens, Spinoclosterium curvatum, Tabularia fenestrata
D Stephanodiscus magarae, Diatoma sp., Fragilaria, Opephora, Surirella ovalis, S. linearis, S. 

splendida, Nitzschia obtustata, N. linearis
MP Caloneis bacillum, Diatomella, Frustulia rhomboides, Gyrosigma acuminatum, Navicula 

eliliptica, N. ovalis, N. petersenii, Stauroneis parvula, Pinnularia borealis, P. cardinalis, 
Amphora ovalis, Ulothrix clindricum, Amphora clevei, Scoliopleura sp., Lyngba contorta

M Microcystis flos aquae, M. aerugenosa
S1 Oscillatoria sp., Phormidium rubescens
S2 Spirulina laxissima
H1 Anabaena spiroides, Aphanizomenon flos-aquae
X3 Chrysococcus rufescens
W1 Euglena
W2 Trachelomonas ampulla, T. lacustris
C Asterionella formosa, Cyclotella meneghiniana
Lo Gomphosphaeria sp., Chlorococcus, Merismopedia, Ceraterium
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growth and selected for a few disturbance and 
shade tolerant, opportunistic diatoms and des-
mids belonging to functional groups MP and 
TB. An analogous observation was also made 
by Istvánovics, Honti, Vöros & Kozma (2010) 
and Okogwu & Ugwumba (2012). 

We identified several environmental dif-
ferences between the two rivers, which include 
the seasonal water level fluctuation pattern, 
nutrient availability, transparency, dissolved 
oxygen, conductivity and total dissolved solids. 
Such environmental differences are expected to 
induce differences in phytoplankton commu-
nity structure and dynamics between the rivers. 
It is therefore not surprising that there were 
obvious differences in the dominant phylogenic 
and functional groups in the rivers. Hydrogeo-
morphic differences between these rivers prob-
ably account for the difference, for example, 
the shoreline of Cross River at some of the 
sampled sites is lined with rocks and hydrolog-
ic storage zones. These zones typically house 
numerous periphyton that are dislodged and 
temporarily suspended in water during periods 
of turbulent flow (Rojo et al., 1994; Tavernini 
et al., 2011), which explains the dominance of 

MP such as Opephora martyr, Gyrosigma sp. 
and Surirella splendida in Cross River. Rocky 
shorelines are absent in Asu River and the high 
nutrient value tend to support the growth of 
eutrophic species such Chlorococcus sp., Cera-
tium sp. and Peridinium sp. (Lo), Cyclotella 
sp. (C), Anabaena (H1) and Lyngbya sp. (S1). 
Differing hydrogeomorphic patches generate 
divergent ecological processes and patterns (as 
seen between the two rivers), and have been 
shown to influence phytoplankton dominance 
pattern (Reynolds, 2006; Istvánovics et al., 
2010; Tavernini et al., 2011).

It may be arguably correct to assume that 
hydrologic and climatic factors were the most 
important factors structuring the phytoplankton 
community in both rivers as shown repeatedly 
in several studies (Reynolds, 2006; Salmaso & 
Braioni, 2008; Perbiche-Neves et al., 2011). 
However, the importance of eutrophic factors 
in shaping phytoplankton tends to increase in 
relevance in the shallow and more eutrophic 
Asu River, and during dry season as shown 
by CCA. The increasing relevance of eutro-
phic factors in Asu River explains the appear-
ance of numerous species (Phacus sp. (W1), 

Fig. 5a. Variations in the dominance pattern of the different functional groups in Asu River (AR1-AR2).
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Botryococcus sp. (F), Volvox sp. (G), Rho-
domonas sp. (X2) and Chlorella sp. (K)) that 
commonly occur in shallow eutrophic lakes 
(Okogwu & Ugwumba, 2009) in the river but 
not in the Cross River.

We therefore conclude that nutrients are 
simply as important as hydrologic and climatic 
factors in determining the biomass, diversity 
and dominant phylogenic and functional phyto-
plankton groups in shallow tropical rivers. Our 

Fig. 5b. Variations in the dominance pattern of the different functional groups in Cross River (CR1-CR4).
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argument is simple; ‘if nutrients predominate 
hydrologic factors in shaping phytoplankton 
during dry season (half of the year; November-
April), then, it is logically incorrect to assume 
that it is subordinate to the other forces (hydro-
meteorological) that structure phytoplankton 
during the other half of the year (rainy sea-
son)’. It is therefore proposed that the manage-
ment of rivers, especially those with dams, 
should incorporate nutrient enrichment control 
measures with fluvial hydrogeomorphology in 
order to achieve better results. 
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Resumen

La existencia del fitoplancton y la dinámica de los 
ríos están principalmente determinados por condiciones 

hidrofísica y disponibilidad de nutrientes. Los principales 
factores de estructuración del fitoplancton han sido poco 
estudiados en los ríos de Africa Occidental, y este estudio 
fue realizado para identificar estas condiciones en dos ríos 
tropicales que varían en tamaño e impacto humano. Para 
ello, variables ambientales y muestras ambientales mensu-
ales de fitoplancton se obtuvieron de la parte media de los 
ríos Asu y Cross durante un estudio de 18 meses, de Marzo-
2005 a Julio-2006. La biomasa del fitoplancton (F=11.87, 
p=0.003), el índice de diversidad de Shannon-Weiner y la 
riqueza de especies (F=5.93, p=0.003), mostraron esta-
cionalidad significativa en Asu pero no el río Cross. Los 
datos fueron analizados con el análisis de correspondencia 
canónica (CCA) y mostró diferencias ambientales entre los 
dos ríos, el nitrato en el río Asu (5.1-15.5mg/L) fue sig-
nificativamente mayor que en el río Cross (0.03-1.7mg/L), 
mientras que PO4 (0.2-0.9mg/L) fue significativamente 
menor en el río Asu en comparación al río Cross (0.03-
2.6mg/L) (p<0.05). Los factores eutróficos (NO3) deter-
minaron principalmente la dinámica del fitplancton en el 
río Asu, especialmente durante la estación seca, mientras 
que los factores hidrofísicos (profunidad, transparencia y 
temperatura) conformaron el fitoplancton en el río Cross. 
Taxones indicadores de una condición eutrófica, como 
Euglena, Chlorella, Chlorococcus, Ceratium, Peridinium, 
Anabaena, Aphanizomenon, Closterium, Scenedesmus y 
Pediastrum spp fueron frecuentemente encontradas en las 

Fig. 6. Canonical correspondence analysis of functional groups based on data from Cross River during dry season (open 
triangle) and rainy season (closed triangle), and Asu River during dry season (open circle) and rainy season (closed 
circle). COND=conductivity, TDS=total dissolved solid, DO=dissolved oxygen, TEMP=temperature, WIDTH=lake width, 
PO4=phosphate, NO3=nitrate.
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aguas poco profundas del río Asu, mientras que las espe-
cies fluviales, como Frustulia rhomboids, Gyrosigma sp., 
Opephora martyr y Surirella splendida dominaron el río 
Cross. Un patrón de sucesión se observó en los grupos fun-
cionales, identificados: Na/MP→TB→P (Estacion lluviosa 
→ estación seca), fue observado en el río Asu, mientras que 
MP/D predominó en el río Cross para ambas estaciones. 
Se concluyó que, si los nutrientes predominan los factores 
hidrofísicos en la conformación del fitoplancton durante 
la estación seca (la mitad del año), entonces, son tan 
importantes como los factores hidrofísicos estructurales del 
fitoplancton durante la temporada de lluvias (la otra mitad).

Palabras clave: África occidental, fitoplancton, eutro-
fización, grupo funcional, río Cross, río Asu.
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