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ABSTRACT

Fortnight phytoplankton sampling of Aiba Reservoir was carried out between March 2004 and February 2005 to determine phytoplankton
succession pattern. Five major phytoplankton groups identified show two similar ordered directional repeated sequences of abundance
peak patterns during an annual cycle; each began with a peak in Cyanophyceae abundance followed in order by peak abundances of
Dinophyceae, Chlorophyceae, Bacillariophyceae and Euglenophyceae. The first succession pattern occurred between late April and mid-
September (early rainy season) while the second occurred between early September and early February (late rainy season — dry season). A
brief dry spell (August break) during the rainy season is a major factor determining this biannual pattern.
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INTRODUCTION

Phytoplankton refers to photoautotrophic microscopic
plants having little or no resistance to currents and living
free-floating or suspended in open or pelagic waters (Boney
1989; APHA 1992; Gupta and Gupta 2006). Phytoplankton
responds quickly to environmental changes because of their
short life cycle, and is subject to ecological succession
(Zgbek 2009). The sequential appearance of algal taxa in
plankton environments is termed phytoplankton succession
(Lewis 1986). Seasonal succession is regarded as the change
in dominant species of phytoplankton from season to season
(Khenari et al. 2010). It can also be regarded as a series of
episodes initiated by abrupt changes in abiotic factors
(Lewis 1978). All phytoplankton decrease and increase in
abundance over the course of a year and the periods of in-
crease for a particular species correspond with the coinci-
dence of certain favourable conditions which define the
central portion of the niche for the species (Lewis 1977,
Xiao et al. 2011). Light and temperature have also been
reported to be strong drivers of phytoplankton growth (Khe-
nari ef al. 2010; Domingues et al. 2011; Xiao et al. 2011).
Changes in phytoplankton abundance can occur as orga-
nisms modify their environment either by biologically
driven change (autogenic succession) through nutrient up-
take or as a direct result of drastic abiotic influences (allo-
genic succession) such as mixing (Lewis 1986). Annual
patterns of phytoplankton seasonality are usually either
dominated by hydrological features (water input-output) or
by hydrographic ones (water column structure and circula-
tion) (Talling 1986; Matveev and Matveeva 2005; Adon et
al. 2011; Xiao et al. 2011). Succession rate is quantitatively
related to absolute rate of change in resource supply and to
grazing rate (Lewis 1977). Stability in plankton taxa abun-
dances and plankton taxonomic composition to ecosystem
resilience is attributed to strong fluctuations in reservoir
water level, and to other potential anthropogenic impacts
(Matveev and Matveeva 2005). Although seasonal analyses
are the usual approach in temporal variation of plankton,
Padovesi-Fonseca et al. (2002) opined that monthly samp-
ling is not sufficient to obtain a realistic picture of popula-
tion dynamics of plankton as well as their importance in the

ecosystem because sampling frequency has great influence
on investigation of population dynamics of tropical water
bodies. The seasonal physico-chemistry of Aiba Reservoir
has been documented (Atobatele and Ugwumba 2008). This
study reports the annual cycle successional pattern of the
phytoplanktonic groups of Aiba Reservoir, Iwo.

MATERIALS AND METHODS

Aiba Reservoir, located in Iwo city in the southwestern part of
Nigeria, lies between longitude 004° 11' to 004° 13' and latitude
07° 38'to 07° 39' of the Equator. Aiba Reservoir is the second old-
est impoundment of the Osun River Basin and came into full ope-
ration officially on June 1, 1957. It is approximately 1.91 billion
cubic meters storage dam supplied freshwater from a catchment
area of 54.39 km®. The dam is 11.58 m high and 455.2 m long.
The reservoir has a mean depth of 0.75 m. The dry season extends
from November to March while the rainy season is from April to
October. However, during the rainy season in the month of August,
there is the occurrence of a short dry season spell. The average
monthly rainfall for July is about 254 mm and as low as 25.4 mm
in December or January (Alamu 1992). The mean Secchi disc
transparency ranged from 0.97 m during the dry season to 0.90 m
during the rainy season (Ayodele and Adeniyi 2006). Phytoplank-
ton sampling was carried out fortnightly from March 2004 to
February 2005 between 900 and 1100 a.m. Phytoplankton samples
were collected with plankton net (mesh size of 80 um and mouth
diameter of 22 cm). The plankton net was submerged about 70 cm
below the water surface from a canoe and dragged horizontally at
low speed for 5 min along the pelagic region of the reservoir. The
net was lifted out and the content of the plankton bottle attached to
the end of the plankton net was preserved immediately in 5%
buffered formalin. In the laboratory, the preserved phytoplankton
samples were allowed to settle first and withdrawn using a pipette
into 25 ml. A drop of the agitated sample was added to a Neubaeur
improved heamocytometer using a bulb micropipette. The orga-
nisms were identified and the total number of organisms per milli-
liter for each sample was determined by simple calculation. The
phytoplankton species identified were grouped into five major
phytoplankton taxa using the following guides: Prescott (1954),
Needham and Needham (1969), Whitford and Schumacher (1973),
Compere (1974, 1975a, 1975b), Okusanmi and Adu (1992), APHA
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Fig. 1 Succession pattern of the major groups of phytoplankton for Aiba Reservoir from 2004 to 2005. Abundance values are relative.

(1992) and Opute (2000). For filamentous organisms, total fila-
ment lengths were divided by the respective mean cell lengths to
calculate the cell numbers and all cells of colonial forms were
counted (APHA 1992). Therefore, the enumeration method used
was total cell count. Spearman rho correlation was carried out to
determine significant relationship among phytoplankton groups
and between concurrent physico-chemical and zooplankton data
using SPSS 14.0 for Windows, Release 14.0.0 (5 Sep. 2005).

RESULTS

A total of 104 taxa belonging to five groups of phytoplank-
ton namely: Cyanophyceae, Chlorophyceae, Bacillariophy-
ceae, Euglenophyceae and Dinophyceae were encountered.
Cyanophyceae abundance peaked in late April during the
early rainy season followed by Dinophyceae abundance in
mid-May while Chlorophyceae recorded two peaks in suc-
cession during early July and early August, and was fol-
lowed by a sharp rise in Bacillariophyceae abundance in
late August and of Euglenophyceae in mid-September (Fig.
1). A second peak of Cyanophyceae occurred in early Sep-
tember, Dinophyceae, Chlorophyceae and Bacillariophy-
ceae each recorded a second peak abundance in late January
and were closely followed by a second peak of Eugleno-
phyceae in early February.

Cyanophyceae showed a significant positive correlation
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(P < 0.01) with Chlorophyceae; Chlorophyceae also recor-
ded a significant positive correlation (P < 0.01) with Bacil-
lariophyceae; while Bacillariophyceae recorded a signifi-
cant negative correlation (P < 0.05) with Dinophyceae
(Table 1). Cyanophyceae recorded a significant positive
correlation with pH (P < 0.01), conductivity (P < 0.05) and
dissolved oxygen (P < 0.05); while Chlorophyceae showed
significant positive correlation only with pH (P < 0.05) and
conductivity (P < 0.05). However, Bacillariophyceae was
negatively correlated with water temperature (P < 0.05)
while Dinophyceae recorded a significant negative correla-
tion with turbidity (P < 0.05). All the phytoplankton groups
show negative correlation with zooplankton.

DISCUSSION

The phytoplankton groups recorded for Aiba Reservoir are
characteristic of tropical African reservoirs (Egborge 1974;
Adon et al. 2011). Aiba Reservoir recorded two similar
succession patterns during an annual cycle; each begins
with maxima in Cyanophyceae abundance and ends with
maxima in Euglenophyceae abundance. This is in contrast
to Zgbek (2009) who opined that the annual pattern of suc-
cession of dominants in nutrient rich lakes often follows the
dinoflagellate to blue green pattern. Soylu and Goniilol
(2010) reported that succession starts with R-strategists
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Table 1 Two-tailed Spearman’s rho for the phytoplankton groups, physico-chemical parameters and zooplankton data of Aiba Reservoir.

Phytoplankton group/ Cyanophyceae Chlorophyceae Bacillariophyceae  Euglenophyceae Dinophyceae
Physicochemical parameters (blue-green algae)  (green algae) (diatoms) (euglenoids) (dinoflagellates)
Cyanophyceae (blue-green algae) 1.000

Chlorophyceae (green algae) 0.513%* 1.000

Bacillariophyceae (diatoms) 0.308 0.658%** 1.000

Euglenophyceae (euglenoids) -0.102 0.367 0.353 1.000

Dinophyceae (dinoflagellates) -0.174 -0.281 -0.479%* -0.271 1.000
Zooplankton -0.101 -0.063 -0.231 -0.126 -0.293

Water temperature 0.100 -0.178 -0.480* -0.307 0.231

pH 0.511* 0.472* -0.011 0.146 -0.160
Conductivity 0.435* 0.482%* 0.167 0.171 -0.359
Alkalinity 0.380 0.392 0.012 0.078 -0.234
Dissolved oxygen 0.489* 0.342 0.290 0.109 0.063

Total hardness -0.363 -0.018 -0.009 -0.016 -0.084
Turbidity 0.156 0.362 0.285 0.119 -0.517*

n =25 except for turbidity, where n = 18
* = significant at 0.05 level
** = significant at 0.01 level

such as filamentous blue-green algae, with high surface to
volume ratio followed by C-strategists such as small green
algae characterised by fast nutrient absorption, assimilation
and replication ratios. Cyanophyceae reached peak abun-
dance in late April during the early rainy season probably
due to a quick and early response to nutrient inflow; this is
supported by the significant positive correlation of Cyano-
phyceae with pH, conductivity and dissolved oxygen. Blue-
green dominance suggests high trophic status of water
bodies (Zg¢bek 2009; Rychtecky and Znachor 2011). Ante-
nucci et al. (2005) reported a dramatic reduction in domi-
nant cyanophyte species abundance as a result of increased
artificial mixing (and reduced light availability). This agrees
with Domingues et al. (2011) that cyanobacteria are the
only phytoplankton group acclimated to low light con-
ditions. However, blue-green algae have been reported to
increase when nutrient depletion is pronounced and light
availability is high (Lewis 1977, 1986). Dinophyceae peaked
in mid-May while Chlorophyceae recorded two peaks in
succession during early July and early August suggesting a
period of freshness of the reservoir water when it was ade-
quately diluted, that is during the peak rainy season. How-
ever, Tan et al. (2009) reported the dominance of cyano-
phytes after an initial dominance of chlorophytes in Lake
Taihu, China. Increased water transparency and maximum
stratification are reported to favour the development of
green algae and dinoflagellates respectively (Silva et al.
2009; Zegbek 2009). Egborge (1974) reported the dominance
of motile green algae and dinoflagellates during transition
of River Oshun from conditions of free flow to impound-
ment, and this may be the reason for the significant negative
correlation between Dinophyceae and turbidity. Talling
(1986) attributed this to the subsequent depletion of nitrate-
nitrogen. Dinoflagellates can, however, thrive under con-
ditions of extreme nutrient poverty because of their nut-
ritional flexibility and motility (Lewis 1978; Grahame
1987). This supports the significant negative correlation
between Bacillariophyceae and Dinophyceae. In a water
body (Southern Black Sea) dominated by diatoms and
dinoflagellates, the declines in diatom is reported to have
been followed by increases in dinoflagellates (Ttrkoglu and
Koray 2002). The phytoplankton in a polymictic tropical
eutrophic reservoir in Brazil is reported to be dominated by
competitive exclusion (between Cyanophyceae and Bacil-
lariophyceae) and disturbance (Calijuri et al. 2002). The
sharp rise in Bacillariophyceae abundance in late August (at
the onset of late rains after the dry spell referred to as Aug-
ust break) occurred at a period when the reservoir experi-
enced the greatest turbulence and increase in nutrient input.
High nutrient enrichment, turbulence and low light availa-
bility favour increased diatom production (Lewis 1977,
1986; Farahani et al. 2006; Soylu et al. 2007; Khuantrai-
rong and Traichaiyaporn 2008; Silva et al. 2009). This is
probably due to vertical mixing of the water column and the
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onset of late rains reduces water temperature. This is sup-
ported by the significant negative correlation between
Bacillariophyceae and water temperature. This period of
increasing nutrient enrichment must have triggered the
second peak of Cyanophyceae in early September and of
Euglenophyceae in mid-September. Dinophyceae, Chloro-
phyceae and Bacillariophyceae each recorded a second peak
abundance in late January and were closely followed by a
second peak of Euglenophyceae in early February. This
may be as a result of breakdown in stratification during the
Harmattan period, which brings about vertical mixing of the
water column and consequent nutrient enrichment during
the dry season.

Apart from disturbance and trophic status of freshwaters,
herbivory is also regarded as an important factor regulating
the main sequence of phytoplankton succession (Morabito
et al. (2002). The negative correlation between the phyto-
plankton groups and zooplankton suggests that grazing
pressure of zooplankton is not significant enough to drive
phytoplankton succession. Experimental evidence showing
the inability of zooplankton to shape and control phyto-
plankton communities in tropical systems have been repor-
ted (Pagano 2008, Rickert and Giani 2008). This was
attributed to the high phytoplankton production, absence of
selectivity by the microcrustaceans on the algal species
(Ruckert and Giani 2008), and to inefficient feeding by
dominant zooplankton (Pagano 2008), resulting in a weak
phytoplankton-zooplankton relationship.

Short succession cycles have been reported to depend
on coastal upwelling events (Silva et al. 2009); nutrient
loads (Chan ef al. 2002; Xiao ef al. 2011) and light (Ariya-
dej et al. 2004; Domingues et al. 2011; Xiao ef al. 2011) are
dominant factors producing phytoplankton peaks in fresh-
waters. Vertical migration and recruitment of cyanophyte
inocula as a result of increased water column has also been
reported to lead to abundant cyanophyte population in the
pelagic region of freshwaters. Although Lewis (1978)
opined that the analysis of growth pulses and growth cor-
relations in the major classes of phytoplankton provides
evidence that the niche space is divided temporally on the
basis of nutrients and light availability and use; morpholo-
gical variation, mode of reproduction, temperature sensi-
tivity, hydrology, hydrography, retention time, artificial
drawdown, climatic forcing, overfishing, anthropogenic
pollution and invasive species influence succession of
phytoplankton (Talling 1986; Matveev and Matveeva 2005;
Tundisi ef al. 2008; Litchman and Klausmeier 2008;
Khenari et al. 2010; Xiao et al. 2011). According to Litch-
man and Klausmeier (2008) several mechanistic pairwise
trade-offs between these traits are thought to shape
phytoplankton seasonal succession. Similar to report for
Adzopé Reservoir, Cote d’Ivoire (Adon et al. 2011), the
data for Aiba Reservoir suggests that hydrologic factors (e.g.
rainfall and inflow from the catchment area) play dominant
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role followed by hydrographic factors (e.g. breakdown in
stratification) in determining the pattern of phytoplankton
succession.

CONCLUSION

Aiba Reservoir, therefore, seems to show two similar suc-
cession patterns during an annual cycle; each begins with a
peak in Cyanophyceae abundance and ends with a peak in
Euglenophyceae abundance. The first succession pattern
occurred between late April and mid-September while the
second occurred between early September and early Feb-
ruary. Hydrological and hydrographical factors play signi-
ficant roles in structuring phytoplankton succession pattern.

REFERENCES

Adon MP, Quattara A, Gourene G (2011) Seasonal variation in the diversity
and abundance of phytoplankton in a small African tropical reservoir. African
Journal of Microbiology Research 5 (18),2616-2626

Alamu WAO (1992) The Tree Has Blossomed. Ola Ayediran Prints, Oluponna
Iwo, Nigeria, 55 pp

Antenucci JP, Ghadouani A, Buford MA, Romer JR (2005) The long-term
effect of artificial destratification on phytoplankton species composition in a
subtropical reservoir. Freshwater Biology 50, 1081-1093

APHA (1992) Greenberg AE, Clesceri LS, and Eaton AD (Eds) Standard
Methods for the Examination of Water and Wastewater (18" Edn), American
Public Health Association, American Water Works Association, Water Envi-
ronment Federation, 1100 pp

Ariyadej C, Tansakul R, Tansakul P, Angsupanich S (2004) Phytoplankton
diversity and its relationship to the physico-chemical environment in the
Banglang Reservoir, Yala Province. Songklanakarin Journal of Science and
Technology 26 (5), 595-607

Atobatele OE, Ugwumba OA (2008) Seasonal variation in the physicoche-
mistry of a small tropical reservoir (Aiba Reservoir, Iwo, Osun, Nigeria).
African Journal of Biotechnology 7, 1962-1971

Ayodele HA, Adeniyi IF (2006) The zooplankton fauna of six impoundments
on River Osun, Southwest Nigeria. The Zoologist 4, 49-67

Boney AD (1989) Phytoplankton in New Studies in Biology (2™ Edn), Edward
Arnold, London, England, 118 pp

Calijuri MC, Dos Santos ACA, Jati S (2002) Temporal changes in the phyto-
plankton community stucture in a tropical and eutropic reservoir (Barra
Bonita, Sdo Paulo, Brazil). Journal of Plankton Research 24 (7), 617-634

Chan TU, Hamilton DP, Robson BJ, Hodges BR, Dallimore C (2002) Im-
pacts of hydrological changes on the phytoplankton succession in the Swan
River, Western Australia. Estuaries 25 (6B), 1406-1415

Compere P (1974) Algues de la region du lac Tchad II. Cyanophycees. Cahiers
O.R.S.T.O.M., Série Hydrobiologie 8 (3/4), 165-198

Compere P (1975a) Algues de la region du lac Tchad III. Cahiers O.R.S.T.O.M.,
Série Hydrobiologie 9 (3), 167-192

Compere P (1975b) Algues de la region du lac Tchad IV-Diatomophycees.
Cahiers O.R.S.T.O.M., Série Hydrobiologie 9 (4), 203-290

Domingues RB, Anselmo TP, Barbosa AB, Sommer U, Galvio HM (2011)
Light as a driver of phytoplankton growth and production in the freshwater
tidal zone of a turbid estuary. Estuarine, Coastal and Shelf Science 91, 526-
535

Egborge ABM (1974) The seasonal variation and distribution of phytoplankton
in the River Oshun, Nigeria. Freshwater Biology 4, 177-191

Farahani F, Korehi H, Mollakarami S, Skandari S (2006) Phytoplankton
diversity and nutrients at the Jajerood River in Iran. Pakistan Journal of Bio-
logical Sciences 9 (9), 1787-1790

Grahame J (1987) Plankton and Fisheries, Edward Armold, London, UK, 140
pp

Gupta SK, Gupta RC (2006) General and Applied Ichthyology (Fish and
Fisheries). S. Chand and Company Limited, Ram Nagar, New Delhi, 1130 pp

Khenari AG, Wan Maznah WO, Yahya K, Najafpour S, Najafpour GD,
Vahedi M, Roohi A, Fazli H (2010) Seasonal succession of phytoplankton
community structure in the southern part of Caspian Sea. American-Eurasian
Journal of Agriculture and Environmental Science 8 (2), 146-155

Khuantrairong T, Traichaiyaporn S (2008) Diversity and seasonal succession

84

of the phytoplankton community in Doi Tao Lake, Chiang Mai Province,
Northern Thailand. The Natural History Journal of Chulalongkorn University
8 (2), 143-156

Lewis Jr. WM (1977) Ecological significance of the shapes of abundance-fre-
quency distributions for coexisting phytoplankton species. Ecology 58, 850-
859

Lewis Jr. WM (1978) Dynamics and succession of the phytoplankton in a tro-
pical Lake: Lake Lanao, Philippines. Journal of Ecology 66, 849-880

Lewis Jr. WM (1986) Phytoplankton succession in Lake Valencia, Venezuela.
Hydrobiologia 138, 189-203

Lewis Jr. WM (2000) Basis for the protection and management of tropical
lakes. Lakes and Reservoirs: Research and Management 5, 35-48

Litchman E, Klausmeier CA (2008) Trait-based community ecology of phyto-
plankton. Annual Review of Ecology, Evolution and Systematics 39, 615-639

Matveev VF, Matveeva LK (2005) Seasonal succession and long-term stability
of pelagic community in a productive reservoir. Marine and Freshwater
Research 56 (8), 1137-1149

Morabito G, Ruggu D, Panzani P (2002) Recent dynamics (1995-199) of the
phytoplankton assemblage in Lago Maggiore as a basic tool for defining
association patterns in the Italian deep lakes. Journal of Limnology 61 (1),
129-145

Needham JG, Needham PR (1969) A Guide to the Study of Freshwater Biol-
ogy (5" Edn), Holden-Day Inc., San Francisco, California USA, 108 pp

Okusanmi VB, Adu EA (1992) Freshwater diatoms from Ile-Ife, Osun State.
The Nigerian Field 57, 143-163

Opute FI (2000) Contribution to the knowledge of algae of Nigeria. I. Desmids
from the Warri/Forcados estuaries. Part 1. The elongate baculiform desmids.
Journal of Limnology 59 (2), 131-155

Padovesi-Fonseca C, Mendon¢a-Galvdo L, Rocha DLP (2002) Temporal
fluctuation and reproduction of Thermocyclops decipiens (Copepoda, Cyclo-
poida) in an eutrophic lake of central Brazil. Revista de Biologia Tropical 50
(1), 57-68

Pagano M (2008) Feeding of tropical cladocerans (Moina micrura, Diaphano-
soma excisum) and rotifer (Brachionus calyciflorus) on natural phytoplank-
ton: effect of phytoplankton size-structure. Journal of Plankton Research 30
(4),401-414

Prescott GW (1954) How to Know the Freshwater Algae, Wm.C Brown Co.,
Dubuque, lowa, USA, 211 pp

Riickert G, Giani A (2008) Biological interactions in the plankton community
of a tropical eutrophic reservoir: is the phytoplankton controlled by zoo-
plankton? Journal of Plankton Research 30 (10), 1157-1168

Rychtecky P, Znachor P (2011) Spatial heterogeneity and seasonal succession
of phytoplankton along the longitudinal gradient in a eutrophic reservoir.
Hydrobiologia 663 (1), 175-186

Silva A, Palma S, Oliveira PB, Moita MT (2009) Composition and inter-
annual variabilityof phytoplankton in a coastal upwelling region (Lisbon Bay,
Portugal). Journal of Sea Research 62 (4), 238-249

Soylu EN, Maraslioglu F, Goniilol A (2007) Phytoplankton seasonality of a
shallow turbid lake. Algological Studies 123, 95-110

Soylu EN, Géniilol A (2010) Functional classification and composition of
phytoplankton in Liman Lake. Turkish Journal of Fisheries and Aquatic Sci-
ences 10, 53-60

Talling JF (1986) The seasonality of phytoplankton in African lakes. Hydro-
biologia 138, 139-160

Tan X, Kong F, Yu Y, Zhang M (2009) Spatio-temporal variations of phyto-
plankton community composition assayed by morphological observation and
photosynthetic pigment analyses in Lake Taihu (China). African Journal of
Biotechnology 8 (19), 4977-4982

Tundisi JG, Matsumura-Tundisi T, Abe DS (2008) The ecological dynamics
of Barra Bonita (Tieté River, SP, Brazil) reservoir: Implications for its bio-
diversity. Brazilian Journal of Biology 68 (4, Suppl.), 1079-1098

Tiirkoglu M, Koray T (2002) Phytoplankton species succession and nutrients
in the Southern Black Sea (Bay of Sinop). Turkish Journal of Botany 26, 235-
252

‘Whitford LA, Schumacher GJ (1973) A Manual of Freshwater Algae, Sparks
Press, Raleigh, North Carolina, USA, 324 pp

Xiao L, Wang T, Hu R, Han B, Wang S, Qian X, Padisak J (2011) Succes-
sion of phytoplankton functional groups regulated by monsoonal hydrology
in a large canyon-shaped reservoir. Water Research 45, 5099-5109

Zebek E (2009) Seasonal changes in net phytoplankton in two lakes with dif-
fering morphometry and trophic status (northeast Poland). Archives of Polish
Fisheries 17,267-278



