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ABSTRACT: The study on phytoplankton population in relation to physicochemical parameters of Gwaigwaye
reservoir, Katsina state was carried out from May 2013 to April 2014to establish physical, chemical, and biological
parameters (Phytoplankton) of Gwaigwaye reservoir. Four sampling stations were chosen; the physicochemical and
biological parameters were determined using standard methods and procedures. The result revealed that; Water
temperature (25.02 + 0.17°C), pH (7.54 + 0.03), Alkalinity (3.69+0.09), Conductivity (129.43 + 5.15uS/cm), Total
Dissolved Solids (50.54 + 0.57mg/L) Nitrate-nitrogen (0.21 + 0.04mg/L), Water hardness (134.44 + 3.06mg/LCaCO3),
Dissolved Oxygen (3.98 + 0.10mg/L), Biochemical Oxygen Demand (2.53 + 0.08mg/L), Phosphate-phosphorus (0.19 +
0.02mg/L), Chloride (5.09 = 0.15mg/L), Sulphor-sulphate (0.21£ 0.01) and Calcium (2.97+0.06mg/L) varied with months
and seasons. Analysis of variance indicated significant difference between seasons (P < 0.05); but no significant difference
in phytoplankton distribution and abundance among the four stations (P>0.05). The result indicated phytoplankton
percentage composition as; Chlorophyta (57.66%), Bacillariophyta (25.70%), Cyanophyta (14.73%), and Dinophyta
(1.91%). Water quality of the reservoir is influenced by anthropogenic activities, the reservoir water is suitable for
irrigational and domestic purposes from the results of most of the physicochemical and biological parameters obtained.
Hence, there is need for an effective anthropogenic inputs control programme in the reservoir.
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Reservoirs are very large natural or artificial lakes that
provide habitat and food for many species of fish and
wildlife (Atobatele and Ugwumba, 2008). They are
constructed for domestic use where large natural lakes
are sparse and unsuitable for human exploitation,
enhancement of fisheries and improvement of water
transport. Freshwater ecosystems have been used for
the investigation of factors controlling the abundance
and distribution of aquatic organisms (Esenowo and
Ugwumba, 2010). It is well established that the
productivity of a reservoir depends on its ecological
conditions and by monitoring the water quality which
are the physic-chemical parameters; productivity can
be increased to obtain maximum sustainable yield of
fish (Mustapha, 2011).The plankton provide a crucial
source of food to a diverse range of larger and more
familiar aquatic organisms such as invertebrates, fin
and shell fish, whales etc. (Onyema et al., 2007a). The
phytoplanktons are the foundation of the aquatic food
chain and its diversity and distribution varies from one
aquatic ecosystem to the other. Phytoplankton species
are key in aquatic primary production and provide
food for organisms that are higher in the trophic levels.

Changing hydro-environmental characteristics are the
determinants of the phytoplankton standing crop at
anytime (Onyema, 2013).Life in aquatic environment
is largely governed by physicochemical characteristics
and their stability. These characteristics have enabled
biota to develop many adaptations that improve
sustained productivity and regulate its metabolism
(Olele and Ekelemu, 2008). Impacted changes in the
water quality are reflected in the biotic community
structure which includes the phytoplanktons, with the
most vulnerable deing, while the most sensitive
species act as indicators of pollution.To keep the
aquatic habitat favorable for existence of living
organisms, physical and chemical factors like
temperature, turbidity, pH, odour, dissolved gases,
salts nutrients must be monitored regularly,
individually or synergistically, activity of living
organisms is influenced by the seasonal and diurnal
changes of these parameters (Akinyeye et al., 2011).
Changes in the physicochemical parameters may
positively or negatively affect the phytoplankton
population of water bodies in a number of ways such
as their survival and growth rates and these may
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eventually result in disappearance of some species of
organisms or its reproduction (Edward and Ugwumba,
2010).This paper aim to investigate the phytoplankton
population in relation to physicochemical parameters
of gwaigwaye reservoir, katsina state. The objectives
of this paper are to determine the type of
phytoplankton abundance and percentage in
Gwaigwaye reservoir and to determine the monthly
and seasonal variations in the physicochemical
parameters of gwaigwaye reservoir and also

MATERIALS AND METHODS

Study area: Gwaigwaye Reservoir was constructed
with the aim of providing water for irrigation for the
surrounding communities and drinking water for three
local government areas, viz: Funtua, Faskari and
Bakori Local Government areas. The climate of the
area is a typical tropical savanna type with wet season
(May-October) and dry season (November-April).The
Reservoir has an elevation of 642M above sea level.
The vegetation is the Guinea Savanna type with soil
consisting of dark fertile loamy soils. The reservoir is
formed by an embankment over Gwaigwaye River
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(lat. 11°, 58' N and long. 7°, 20" E) Funtua, Katsina
State. The size of the reservoir is about 450m while the
depth is about 130m (Figure 1).

Collection of water and plankton samples:Water
samples were collected each month using 75cl plastic
containers with screw caps and phytoplankton samples
were collected by hauling horizontally standard
plankton net of 55um mesh size with a sample bottle
attached to an anchored motorized boat for 10 minutes.
Plankton samples were then transferred to a screw
capped properly labeled plastic container. Sampling
was carried out between 09.00 and 11.00 hours on
each sampling day. Samples were preserved in diluted
10% formalin and transported to the laboratory for
physicochemical analysis.

Physicochemical Analysis:Methods as described by
APHA (1999) were employed in estimating Electrical
conductivity, pH, Total Dissolved Solids, Dissolved
oxygen, Biological Oxygen Demand, Nitrate-
Nitrogen, Phosphor-Phosphate, Sulphur-Sulphate,
Calcium, Water hardness, Temperature, Alkalinity
and Chloride.
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Fig 1: Map of Katsina State showing location of Gwaigwaye Reservoir and Sampling Stations
Phytoplankton  Analysis:Plankton samples were Data Analyses.: Data analyses was carried out to find

allowed to settle in the laboratory for at least 24hrs and
concentrated to 20ml. Five drops (using a dropper) of
the concentrated sample (20ml) was investigated at
different magnifications (50X, 100X and 400X) under
a Carl Zeiss standard IV monocular microscope using
the Drop Count Method described by Lackey (1938).
Appropriate texts (Newell and Newell, 1966;
Wimpenny, 1966; Olaniyan, 1975; Vanlandingham,
1982; Waife and Frid, 2001; Nwankwo, 1990;
Nwankwo and Abdulrasaq, 1995; 2004a) were used to
aid identification of the Phytoplankton species.

Mean, Mean + Standard Error (SE),Percentage was
used for phytoplankton population and the results
obtained was subjected to analysis of variance
(ANOVA) to test the level significance at P<0.05 on
the phytoplankton and physicochemical parameters.
Duncan’s Multiple Range Tests (DMRT) was used to
separate means. Pearson’s correlation coefficient was
used on the data to determine significant relationships
between the physicochemical parameters and
phytoplanktons. T-test was used to compare the
seasonal variation of physicochemical parameters in
gwaigwaye reservoir.
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RESULTS AND DISCUSSION

The results of the analysis carried out on the water and
phytoplankton samples collected from gwaigwaye
reservoir showed variations in the physicochemical
parameters and different abundance of the
phytoplanktons.

Phytoplankton: The Phytoplankton composition
identified in the four stations belongs to four divisions,
which includes; Chlorophyta, Bacillariophyta,
Cyanophyta, and  Dinophyta  (phyrrophyta).
Phytoplankton percentage and composition (Table 1)
indicated chlorophyta has 299 which represent highest
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percentage composition with 46.57% of the total
population of 642 identified. Bacillariophyta has the
second highest population counts with the total of 219,
which represent 34.11%. The Cyanophyta has the 101,
which represent the third with percentage composition
of 15.73%. Dinophyta has the least abundance with
total of 23 which represents 3.58% of the percentage
composition of Phytoplankton.In general, green
(Chlorophyta) algae have higher abundance over other
kinds of algae and revealed positive correlation with
dissolved oxygen, which indicated the productivity of
the reservoir especially during wet season (Table 2).

Table 1: Monthly Phytoplankton available based on Abundance and Percentage composition in Gwaigwaye Reservoir, Funtua, Katsina

State.
Phytoplankton Bacillariophyta  Chlorophyta  Cyanophyta Dinophyta  Monthly Total (%)
June (%) 18 (8.22) 27(9.03) 10 (9.90) 4(17.39) 59(9.19)
July (%) 28 (12.79) 43 (14.38) 11 (10.89) 5(21.74) 87 (13.55)
August (%) 33 (15.07) 46 (15.38) 16 (15.84) 5(21.74) 100 (15.58)
September (%) 32 (14.61) 38 (12.71) 13 (12.87) 4(17.39) 87 (13.55)
October (%) 27 (12.33) 36 (12.04) 11 (10.89) 3 (13.04) 77 (11.99)
November (%) 21(9.59) 31(10.37) 10 (9.90) 1 (4.35) 63 (9.81)
December (%) 18 (8.22) 23 (7.69) 8(7.92) 0 (0.00) 49 (7.63)
January (%) 10 (4.57) 13 (4.35) 3(2.97) 0 (0.00) 26 (4.05)
February (%) 6(2.74) 10 (3.34) 3(2.97) 0 (0.00) 19 (2.96)
March (%) 7 (3.20) 9 (3.01) 4 (3.96) 0 (0.00) 20(3.12)
April (%) 9 (4.11) 13 (4.35) 5(4.95) 0 (0.00) 27 (4.21)
May (%) 10 (4.57) 10 (3.35) 7 (6.93) 1(4.35) 28 (4.36)
Total (%) 219 (34.11) 299 (46.57) 101 (15.73) 23 (3.58) 642

Mahar (2003) also observed a phytoplankton
community was affected by strong seasonal influence.
The monthly and seasonal variation of composition
and abundance of phytoplankton may be due to the
fluctuations of water and physicochemical parameters
in the reservoir. Abubakar (2009) also made similar
observation in which he reported that; in tropical
regions the dry and rainy seasons show distinct
fluctuations with abundance of phytoplankton. The
higher abundance during wet season could be due to
the presence of more nutrients and water level in the
reservoir during the season. The higher phytoplankton
count during the rainy season indicated that the
reservoir was more productive during the rainy season
because phytoplankton being the primary producers in
freshwater and determines the link of feeding
relationship in the aquatic ecosystem. This
corresponds to the observation of Tisser ef al. (2008a)
which reported that; phytoplankton forms the vital
source of energy in the fresh water environment, they
initiate the fresh water food chain by serving as food
to primary consumers which include zooplankton, fish
and others. Phytoplankton shown positive relation
with dissolved oxygen, biochemical oxygen demand,
nitrate-nitrogen, and phosphate-phosphorus. The high
concentration of nutrients like nitrate-nitrogen and
phosphate-phosphorus results into blooming of algae
that is sign of eutrophication but the concentration of

both nitrogen and phosphates in the reservoir
waswithin the acceptable range. Nutrient limitation is
also an important factor for phytoplankton abundance
in shallow freshwater (Araoye and Owolabi,
2005).Physicochemical parameters: Table 3; 4 and 5
showed monthly and seasonal variations in the
physicochemical parameters of water in gwaigwaye
reservoir with highest values of pH, temperature,
electrical conductivity and total dissolved solids in dry
season which might be due to higher rate of
evaporation caused by increase in air temperature and
wind during the dry season. This is in line with the
findings of Atobatele and Ugwumba (2008) that
worked on the seasonal variation of physicochemical
parameters in the lake and discovered highest values
obtained in pH, electrical conductivity and total
dissolved solid and attribute it to the high evaporation
rate in dry season. While there was highest values of
alkalinity, calcium, biological oxygen demand,
dissolved oxygen, hardness, sulphate, nitrate,
phosphate and chloride which might be due to higher
abundance of phytoplanktons during the rainy season
(Araoye 2008). Seasonal variations among the
sampling stations showed fluctuations in the stations
with an increased in some stations and decreased in
other stations based on the type of physic-chemical
parameters and this might be due to changes in the
environmental conditions in the reservoir.
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Table 2: Correlation of Phytoplankton against the physicochemical parameters of Gwaigwaye Reservoir
Bac Chloro Cyano  Dino DO Cl PO, NO;s SO4 pH Temp. EC TDS  Hard  BOD Ca Alka
Bac 1
Chloro 1.0* 1
Cyano 1.0* 0.9% 1
Xanth 0.9* 0.9* 0.9* 1
DO -0.2 -0.1 0.0 0.2 1
Cl 0.8* 0.9* 0.8* 0.9* 0.1 1
PO4 0.0 0.0 0.0 0.2 0.6* 0.2 1
NO5 0.5* 0.5* 0.4 0.5* 0.5* 0.6* 0.6* 1
SO4 0.8* 0.8* 0.8* 0.8* 0.1 0.9* 0.4 0.5% 1
pH 04 0.3 0.3 0.0 -0.7* 0.2 -0.2 -0.2 0.3 1
Temp 0.4 0.5* 0.3 0.3 -0.5% 0.4 -0.3 0.1 0.3 0.1 1
EC -0.6* -0.7* -0.5% -0.5% 0.2 -0.7* 0.2 -0.4 -0.6* -0.1 -0.8% 1
TDS -0.2 -0.2 -0.2 -0.2 -0.1 0.0 0.0 0.1 -0.1 0.2 -0.1 0.3 1
Hard 0.7* 0.7* 0.6* 0.7* -0.1 0.8* 0.3 0.8* 0.7* 0.3 0.4 -0.5% 0.1 1
BOD 0.1 0.3 0.2 0.2 0.4 0.3 0.0 0.3 0.1 -0.5% 0.1 -0.3 0.1 -0.1 1
Ca 0.3 0.3 04 0.3 0.6* 0.3 0.5* 0.6* 04 0.0 -0.5% 0.2 0.2 04 0.1 1
Alka 0.7* 0.7* 0.7* 0.6* -0.3 0.8* -0.1 0.4 0.8* 0.6* 0.4 -0.6* 0.3 0.7* 0.2 0.2 1

KEY: Bac — BacillariophytaChloro — Chlorophyta, Cyano- Cyanophyta, Dino- Dinophyta, DO — dissolved oxygen, Cl — Chloride, PO, — phosphate, NO3- - nitrate, SO4- sulphate, pH, Temp. —

Temperature, Ec — Electrical conductivity, TDS — Total Dissolved Solids, Hard — Hardness, BOD — Biochemical Oxygen Demand, Ca — Calcium, Alka — Alkalinity.

Table 5: Monthly Variation in Physicochemical Parameters of Gwaigwaye Reservoir Funtua, Katsina State.

Months DO (mg/L) gﬂ;ﬁfe PO, (mg/L) FH‘EJSS SO4 (mg/L) pH Efcn)‘perat“re EC TDS (mg/L) iﬁg}i‘;’ss ?H%I/)L) (Crzgli‘fl ﬁlgk/athgé o
June 5462004 7.5840.14°  02120.003°  0.28£0.003° 0.25£0.01°  7.16£0.05%  26.1420.03%  106.58£1.10°  52.6720.59™ 178.67£6.00°  2.63:0.57%  3.30£0.06°  4.130.13"
July 486:0.11°  691£0.18"  0.21+0.01%  028+0.003 0.24:0.01°  7.10:0.04% 25.17+0.02%  105.83+1.14°  50.67£0.96™¢ 162.00:7.04>  3.73£0.07°  3.49+0.08"  3.89+0.13¢
August 468:036°  6.84£0.26% 0.18£0.002% 020:0.01°  0.28:0.01°  7.53+0.16" 25.71£0.02¢  89.58+0.93"  44.33£0.48°  122.67+1.73  3.03:0.19%  335£0.06°  4.17+0.08"
September  2.26£0.13°  6.68£0.12%  0.19£0.001¢ 021+0.01%  027£0.01°  8.13+0.12*  26.48+0.02°  101.67+8.89"  45.672.02%  189.67+12.32° 125:0.08'  2.78+0.08¢  4.34+0.11°
October 3.09£0.11°  6400.15  0.17£0.004% 021£0.003% 0.25£0.01"  7.97+0.11°  25.87+0.39°  97.75+12.80°  55.67+0.73%  150.67+2.97"  223+0.15%  2.94:022%  525+0.13°
November  3.1840.11¢  6.03£0.15¢  0.17£0.01%  0.22:0.003" 024+0.01"  7.91£0.10°  25.53:040% 99.08£1327°  56.0040.71°  152.33£2.93"  3.27+0.15%  3.23:020%  5.32+0.16'
December  4.15:0.16°  3.35£0.16%  0.17£0.01°  022+0.003  0.14£0.004° 7.35:0.02% 25.53£0.03% 112.3342.36"  47.50£1.58% 120004555  2.4040.11% 2.78+0.07¢  2.65+0.14°
January 391£0.16°  3.63£0.16°  0.17£0.01%  02240.002°  0.15£0.004° 7.37+0.01% 25.69£0.05¢  111.25£2.31"  49.08+1.63% 127.33£548  2.5240.13%  2.92+0.06 2.88+0.16%
February — 3.23:0.11¢  3.6940.22°  0.1740.01°  0.13£0.01°  0.1740.01°  735:0.07% 27.19:0.07°  102.833.15°  47.4244.17°%  83.67+6.04°  2.73£0.09™! 120£0.06°  2.93+0.16%
March 5.65£0.17°  3.34£0.08%  025£0.02°  022+0.01°  021£0.003° 7.50+0.04>  20.63£0.04*  200.25:24.98° 50.75:1.66%¢ 113.00£4.789¢  2.14+0.13%  3.840.03*  2.80+0.16%
April 3.03£0.17°  3.05£0.07°  0.18£0.003% 0.16+0.11¢  0.14£0.004° 7.60+0.05° 24.95:0.36°  221.50+13.55° 56.25+0.58"  113.33£5409 194+0.16°  2.9320.13%  3.08+0.08°
May 4155014 3.55£0.08  0.15:0.01f  0.14£0.01°  0.14:0.01°  7.46:0.04> 21.33£021"  204.50£23.12° 50.50£1.52%¢  100.00:4.26%  2.48+0.10%  2.90-0.08%  2.80+0.10°%
Total 3.98£0.10  5.0940.15  0.19£0.002  021:0.004  021£0.01  7.54+0.03  25.02£0.17  129.43%5.15  50.54£0.57  134.4443.06 253008  2.97+40.06  3.69+0.09
P value 0.000%* 0.000%*  0.000%* 0.000%* 0.000%* 0.000%*  0.000%* 0.000** 0.000** 0.000** 0.000** 0.000%*  0.000%*

KEY: DO — Dissolved Oxygen, Cl — Chloride, PO4 —Phosphate, N — Nitrates, SO4, - Sulphate, pH — pH value, Temp. — Temperature, EC — Electrical Conductivity, TDS — Total Dissolved

Solids, H — Hardness, BOD — Biological Oxygen Demand, Ca — Calcium, Alk — Alkalinity. **-Highly Significant difference; ns-non significant difference.
Note: Means with thesame superscripts along the same column are not significantly different (P>0.05)
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Table 3: Seasonal Variation in Physicochemical Parameters of Gwaigwaye Reservoir Funtua, Katsina State, Nigeria

Stations Wet Dry Total P value
DO (mg/L) 4.28+0.16 3.76+0.11 3.98+0.01 0.007**
Chloride (mg/L) 6.31£0.20 4.21+0.15 5.09+0.15 0.000%*
PO, (mg/L) 0.19+0.004 0.19+0.004 0.19+0.003 0.623ns
Nitrates (mg/L) 0.22+0.01 0.20+0.01 0.21+0.004 0.007**
SO4 (mg/L) 0.24+0.01 0.19+0.01 0.21+0.01 0.000%*
pH 7.48+0.06 7.58+0.04 7.54+0.03 0.135ns
Temperatures (°C) 24.97+0.25 25.05+0.23 25.02+0.17 0.804ns
EC (uS/cm) 121.63+7.26 135.00+7.11 129.43+5.15 0..202ns
TDS (mg/L) 48.77+0.68 51.81+0.82 50.54+0.57 0.008**
Hardness (mg/CaCO;) 150.60+5.41 122.91+3.00 134.44+3.06 0.000%*
BOD (mg/L) 2.62+0.16 2.46+0.07 2.53+0.08 0.293ns
Calcium (mg/L) 3.16+0.05 2.83+0.09 2.97+0.06 0.006**
Alkalinity (mg/L.CaCOs) 3.87+0.09 3.56+0.13 3.69+0.09 0.073ns

KEY: DO — Dissolved Oxygen, Cl — Chloride, PO4 —Phosphate, N — Nitrates, SO4, - Sulphate, pH — pH value, Temp. — Temperature, EC —
Electrical Conductivity, TDS — Total Dissolved Solids, H— Hardness, BOD — Biological Oxygen Demand, Ca — Calcium, Alk — Alkalinity. *
- Significant difference; **-Highly Significant difference; ns-non Significant difference. Note: Means of the same superscript along the

columns are not significantly different at p=0.05

Table 4: Seasonal Variation in Physicochemical Parameters of Gwaigwaye Reservoir Funtua,

Katsina State among Sampling Stations

Physicochemical Stations

Parameters I [0 I v Total P value
DO (mg/L) 4.21+0.20° 3.74%0.17° 3.89+0.22° 4.07+0.18° 3.98+0.10 0.311™
Chloride (mg/L) 5.36+0.30° 5.32+0.33* 4.74+0.30° 4.93+0.25° 5.09£0.15 0.383™
PO, (mg/L) 0.20+£0.01° 0.18+0.01% 0.19+0.003° 0.17+0.004° 0.19+0.003 0.004"
Nitrates (mg/L) 0.20+£0.01° 0.2240.01° 0.21£0.01° 0.21£0.01° 0.21:0.004 0.820™
SO, (mg/L) 0.20£0.01° 0.2040.01° 0.2140.01° 0.2140.01° 0.21+0.010 0.578™
pH 7.81+0.08° 7.56+0.07° 7.49+0.06° 7.28+0.03¢ 7.54+0.034 0.000™
Temperatures (°C) 25.20+£0.33* 25.10+£0.35* 25.19+0.34* 24.58+0.33* 25.0240.17 0.512™
EC (uS/cm) 161.81+£11.69*  142.86+13.57*  107.25+5.12° 105.81+4.56°  129.43+5.15  0.000™
TDS (mg/L) 52.08+0.93° 51.36+0.82° 50.50+1.11° 48.22+1.52° 50.54+0.57 0.088™
Hardness (mg/CaCO3) 123.33+£5.88%  138.67+6.71®°  130.89+2.37%®  144.89+7.77°  134.44£3.06  0.070™
BOD (mg/L) 2.800.16° 2.24+0.15° 2.60+0.15° 2.48+0.15° 2.53+0.08 0.065™
Calcium (mg/L) 3.0120.12° 3.20+0.12° 2.85+0.12° 2.83+0.11° 2.97+0.06 0.099™
Alkalinity (mg/L.CaC0O;)  3.80+0.19® 4.15+0.17° 3.36+0.16" 3.4340.14° 3.69+0.09 0.003"

KEY: DO — Dissolved Oxygen, Cl — Chloride, PO4 —Phosphate, N — Nitrates, SO4, - Sulphate, pH — pH value, Temp. — Temperature, EC —
Electrical Conductivity, TDS — Total Dissolved Solids, H— Hardness, BOD — Biological Oxygen Demand, Ca — Calcium, Alk — Alkalinity.
* - Significant difference; **-Highly significant difference; ns-non Significant difference Note: Means of the same superscript along the
columns are not significantly different at p>0.05.

Conclusion: The phytoplanktons all varied with
months and seasons with the pattern of increased total
mean and
percentage: Chlorophyta>Bacillariophyta>Cyanophyt
a>Dinophyta. The phytoplanktons composition and
abundance were increased during rainy season and
decreased with dry season which indicates the
productivity of the reservoir. The
physicochemicalparameters measured were
influenced by anthropogenic activities, this indicates
that the reservoir water is suitable for irrigational and
domestic purposes in terms of most of the
physicochemical and phytoplanktons determined.
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