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Abstract: Diatoms as indicator of pollution in_4wen reservoir were studied for two years.
Two set of water samples were collected, one for physico-chemical characteristics analysis
and the other set for biological analysis. Pimudaria lata, P. mesolepta, Navicula
rhvchocephala, Aulacoseira gramidate and Amphora were the most prominent diatoms that
served as good indicators of pollution. These orgamsms predominated during the raining
season than during the dry season. Weather conditions ere majorly responsible for the
physical and chemical changes in thee reservoir. The wet season of the experiment was
charactenized by the influx of flood water and the consequent mixing of the reservoir water
with attendant increase in transparency and mutrient levels. The dry season of the
experiment was characterized by high conductivity and high silica level. The study suggests
that the presence of any of the predominated organisms in the water is an indication of
water pollution.
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INTRODUCTION

Diatoms are the most important phytoplankton group contributing substantially to aquatic
productivity of oligo-trophic systems. Anadu ef af. (1990) and Khan ef af. (1983) demonstrated that
water quality affects species composition and abundance. The most common abiotic parameters
associated with primary production in lakes and reservoirs are phosphate and nitrate contents which
are associated with algal blooms, variations in chlorophyll content and phytoplankton dynamics.
Other important abiotic factors in lakes and reservoir productivity studies include dissolved
oxygen, alkalinity, carbondioxide, biochemical oxygen demand and dissolved organic matters
(Anadu es al., 1990). Ecology of diatoms had been studied (Cox, 1975; Dakshini and Soni, 1982;
Lowe, 1974; Patrick, 1964; Patrick, 1973).

In Nigeria, the dominance of diatoms in waters has been documented (Amuda, 1990; Akinyemi,
2000; Imevbore, 1971; Egborge, 1979) and in the coastal waters of the south western Nigeria
(Nwankwo, 1986). Presently, there is little or no information on diatom commumnity of Awon reservoir
which is a popular reservoir responsible for a significant provision of drinkable water for the human
population in the local community.

MATERIALS AND METHODS

Description of the Study Area

The reservoir (Fig. 1) lies between latitude 7°75°N and longitude 4°E. It was built in 1962. The
purpose of the reservoir is to supply portable water to the people of Oyo community and its environs.
The macrophyte by the reservoir bank comprise mainly of Pistia stratiotes and few species of Ipomea.
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Fig. 1: Map of Awon reservoir showing sampling stations

Collection of Samples

A canoc was used during the period of investigation. Two sets of sample were collected
in 250 mL plastic bottle, one for physico-chemical and the second set for biological characteristics of
the reservoir. The sample for phytoplankton analysis was preserved in 4% formalin while the sample
for physico-chemical characteristics was deep frozen at -4°C in the laboratory prior to analysis.

Choice of Sampling Stations
Monthly water samples were collected from seven stations created within the dam site
for 2 years.

Physical and Chemical Parameters

In situ surface water temperatures were taken in the field using an ordinary mercury thermometer.
Transparency was measured using a secchi disc lowered from the surface until it disappeared from
view. Nitrate and phosphate ions were determined using colorimetric method. The Hach colorimetric
method was used for the determination of silica ion.

Biological Analysis

Ten drops of each well-mixed sample were thoroughly investigated under a Wild binocular
microscope with a calibrated eye piece. The density of the diatom species was computed by

229



Res. J. Microbiol., 2 (3): 228-238, 2007

calculating average cells per transects. All counts were recorded as number of organisms (cells, colonies,
filaments) mL~" for the identification of organism, the keys and drawings provided by Patrick and
Reimer (1966) were used.

RESULTS

The results of some physical and chemical characteristics of the Awon reservoir are shown in
Table 1 and Fig. 2 and 3 for both stations. Higher temperature values were recorded in the dry season
(227°C) while lower value (<27°C) were recorded in the wet season and in December (Table 1). The
transparency was generally low (<40 cm) during the wet season (May-October) and there was much
variation in the reservoir (Table 1, Fig. 2 and 3).

Silica values were higher during the dry season (14 mg L™") compared to wet season (Table 1).
The highest peaks for nitrate values were recorded in the wet months (>2 mg L~') while the lowest
values were recorded in the dry months (Fig. 2) in all stations, phosphate-phosphorus concentration
(mg L7 ranged from 1.01-3.60 mg L™ in the wet months and 0.03 to 2.31 mg L~"in the dry months
as shown in Fig. 2 and 3.

Diatom Communities

The diatom composition and abundance for some stations in .4won Reservoir are presented in
Table 2 and 3, Fig. 4-11 show the graphical forms of the diatom abundance. Fifty four diatom species,
52 pinnate and 2 centric forms belonging to 16 genera were identified. The most abundant species of
the pinnate diatoms were Pinndaria otiensis, P. gibba, P. lata, Navicula menisculus, N. rlmchocephala,
Kurtizing N. pseudogrimmei, N. acuminate, N. Salinicola, Nitzschia palea, Synedra, ulna, S. acus,
Tabellaria fenestrata, Cymbella ventricosa, Amphora sp.

Diatoms with 40% relative abundance or occurrence were recognized as good indicators of
pollution. These diatoms are referred to as pollution tolerant species. The diatoms in this group include

Table 1: The physical and chemical characteristics of Awon reservoir

Diatom Station June July Aug.  Sept.  Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Silica 1 4 2 2 4 2 8 8 8 8 12 12 2
7 2 2 6 2 2 8 8 8 14 8 12 4
Transparency 1 30 35 58 40 36 38 48 58 60 64 60 26
7 30 39 52 35 40 24 50 52 62 &4 50 34
Temperature 1 25 25 27 24 24 27 24 27 27 27 27 24
7 26 24 27 26 26 27 22 28 27 27 28 24
Nitrate (mg 1.™") 1 320 360 300 364 364 080 200 0.80 060 044 0.8 2.02
7 325 380 320 380 374 065 1.8 120 082 062 060 210
Phosphate (mg L") 1 20 15 1.5 3.0 20 20 096 09 0.56 035 046 1.51
7 1.23 101 123 305 224 231 09 096 062 012 034 1.82

Table 1: Continued

Diatom Station June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Silica 1 2 2 4 2 1 12 14 12 8 8 7 2

7 2 2 2 1 1 12 18 8 14 14 12 2
Transparency 1 28 30 58 32 30 40 52 58 66 74 64 30

7 34 30 58 32 28 38 56 66 68 o4 50 36
Temperature 1 25 25 27 24 24 27 22 27 27 27 28 25

7 24 25 26 25 25 28 22 27 27 27 27 25
Nitrate (mg L) 1 322 377 310 354 350 09 1.78 0.8 0.66 0534 098 2.02

7 371 314 354 380 380 09 1.3 05 091 092 0.60 2.71
Phosphate (mg L™!) 1 201 151 202 360 2.0 1.52 098 098 0.66 045 045 1.51

7 1.08 134 198 3.01 263 1.63 052 042 052 031 021
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Fig. 2: The physical and chemical characteristics of Awon reservoir(station 1)
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Fig. 3: The physical and chemical characteristics of Awon reservoir (station 7)
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Table 2: Percentage composition of most abundant diatom taxa in station 1

Diatom June  July  Aug. Sept.  Oct.  Nov. Dec. Jan. Feb. Mar. Apr. May.
Pinnuilaric gibba 57.01 5000 564 2501 2602 - 1.08 564 606 564 4.34 2001
P. borealis - 290 434 2602 2401 108 - 434 434 434 564 3.63
P. biceps 40.00 - 434 506 6.08 - - 434 564 368 434 3.80
P. mesolepla .00 - 364 806 1002 - - 436 436 436 436 3.95
P lata - - 398 1001 1002 2001 - 461 392 438 364 3.80
Nawvicuda rynchocephaia - 4.64  10.02 4201 192.01 - 3.80 - 438 346 3.80
N, mrisculas - - 446 6.01 080 201 3908 402 - 398 348 381
Nitschia palea - 650 640 501 - 1001 - 408 708 464 398 29
Cymbelia turgida - - 436 504 - 14.02 - 398 396 464 464 293
C. ventricose - - 4.78 - - 10.08 10.02 390 390 498 464 298
Synedra ulna - - 4.98 - - 4.08 10.08 540 640 64 640 395
S. acus .01 - 5.68 - 002 1.02 1006 536 478 436 436 3.95
Tabellaria fenestrcta - - 5.78 - - 1.08 9.08 408 478 480 4.78 4.88
Audacoseria gramdeta - 40.00 20.00 - - 1.01 11.09 398 568 - 4.98 3.98
Amphora sp. - - 19.00 - - 1.01 12.08 498 2001 - 5.68

Newvicula salinicola - - 4.36 - - 1.08 - 5.01 19.08 - 5.78

N carminate - - 4.36 - - 120 - 591 - - - 3.95
N _psevdogrimmel - - - - - 1402 - 6.01 - 560 - 3.98

Table 2: Continued

Diatom June July  Aug. Sept.  Oct. Nov. Dec. Jan. Feb. Mar. Apr. May.
Pinmilaria gibba 80.0 950 398 50.01 608 108 190 601 390 1434 14.01 40.02
P. borealis 10,05 202 3064 19.02 10.02 - 8.20 592 436 1434 5.64 20.06
P. biceps 1.02 108 434 - 24.01 - 2.08 504 564 564 8.08 3.08
P. mesolepta 1.03 080 S04 0.06 26.08 - 2.06 496 434 13.64 208 -
P. lata - 020 398 1001 1002 201 408 398 6.060 436 436 -
Navicula ryichocephala - 1.00 464 10.02 10.08 19.01 10.02 408 434 438 364 -
N mrisculas - - 13.98 6.01 4.01 2006 1901 506 3564 398 39 -
Nitschia padea - - 4.64 - 0.80 10.01 - 504 436 464 348 -
Cymbella turgida - - 4.64 - - 1402 - 434 390 464 398 -
C. vertricosa - - 6.40 - - 10.08 10.08 434 7.08 498 464 -
Synedra uing - - 4.36 - - 408 1.08 436 390 640 464 -
S acus - - 4.78 - - 1.02 102 364 390 436 640 -
Tabeliaria fenestrata - - 4.98 - 408 1.08 1.03 380 478 102 680 -
Audacoseria granuata - - 4.74 - - 1.20 1.04 402 450 1.06 680 -
Amphora sp. 4.01 - - 5.98 4.06 - 1.01 1.0% 398 640 1.08 4.064
Nawicula salinicola 4.03 - - 6.08 - - 1.08 1.12 440 478 10.10 4.68
N carminaia - - 9.08 - - 1.20 10.04 536 440 1012 2.08 18.01
N psevdogrimmel - - 9.01 - - 1.80 10.08 401 568 1.30 3.08 19.09

Table 3: Percentage composition of most abundant diatom taxa in station 7

Diatom June  July  Aug.  Sept.  Oct.  Nov. Dec. Jan. Feb. Mar. Apr. May
Pinpnilaria gibba 40.00 4501 20.01 1.08 40.02 1.08 208 1091 204 280 210 40.0
P. borealis 23.01 3002 - 208 2400 1.08 1091 280 280 204 10.90 20.0
P. biceps 1002 2201 - 2.08 16.00 280 10.08 206 1090 10.08 10.08 -
P. mesolepla 11.04 - 18.03 10.02 5.08 1502 19.08 2.04 2.04 1090 280 -
P lata 1208 - 15,04 1.01 506 10.08 206 14.01 10.08 204 2.04 -
Nawvicuda rynchocephata 208 - 10.02 1.02 4.08 10.08 208 10.08 206 206 210 -
N, menisculus - - - 1.08 398 508 290 2061907 210 206 23.6
Nitschia palea - - 20.8 1.61 - 506 148 208 201019.00 19.00 2.06
Cymbelia turgida - - - - - 7.08 146 406 580 6.08 580 8.06
C. ventricose - - - - - 7.08 0.20 506 680 580 6.08 -
Synedra ulna - - 30.05 - - 1008 020 580 207 207 106 -
S. acus - - - - - 19.08 020 682 102 106 207 -
Tabellaria fernestrcte - - - - - 1.08 080 683 1.06 1202 1.02 -
Awdacoseria gramilate - - - - - 2,09 043 480 1.07 1.07 1.07 6.80
Amphora sp. - - - 80.00 - - 0.81 180 180 1.80 1080 -
Naviculas alinicola 1008 - - - - - 0.92 1901020 1020 1.80 -
Nawvicida sadinicola - - - - - - 28.01 280 11.01 11.01 10.20 -
N _psevdogrimmel - - - - - - 27.02 1.80 10.80 10.80 11.001 -
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Diatom June July Aug.  Sept.  Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Pinmilaria gibba 458 420 10.04 208 1.08 15.02 1202 280 980 1.80 210 3.02
P. borealis 500 2800 20.012 208 - 2.80 380 202 680 980 10.90 9.60
P. biceps 20.50 25.00 22.01 1.08 - 1.08 1.08 1091 340 7.60 10.08 10.40
P. mesolepta - - - 40.02 - 1.08 201 280 960 820 280 -
P. lata - - - - - 1.08 1.01 206 10.0 206 10.0 3.90
Navicula rvicbocepheda - 15.02 - - - 508 6.09 204 496 49 210 -
N menisculus - - - 30.06 - 5.06 506 1901 396 595 206 -
Nitschia palea - - 30.05 - - 7.08 8.06 10.08 10.01 6.60 19.07 -
Cymbella turgida 23.50 - - - - 7.08 9.02 206 580 970 580 -
C. ventricosa 860 - - - 1.00 10.08 9.08 208 420 360 6.08 -
Synedra ulna 780 - 10.08 - 2.01 1908 3.07 4.06 436 420 1.06 25.60
S. acus - - - - 401 108 9.08 508 508 180 207 -
Tabeliaria fenestrate - - - 2530 301 209 11.02 590 680 1.80 102 -
Audacoseria granulate - - 11.02 - 2.08 - 9.02 680 - 7.90 1.07 2440
Amphora sp. - - - - 80.00 - 3.08 683 028 806 1.80 -
Naviculas alinicola - - - - 7.8 - 9.06 480 108 7.60 1020 -
Navicula sadinicola - - - - - - 9.08 180 - 580 7.20 1.04
N psevdogrimmel - - - - - - 8.06 190 - 620 1.80 1.02
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Fig. 4: Percentage composition of most abundant diatom taxa in station 1

P. fata, P. biceps, Navieula rimchocephala, Aulacoseira granulata, P. mesolepta and Amphora sp.
(Table 2 and 3, Fig. 4-11). In all the stations sampled, the pollution tolerant organisms were more
during the wet months compared to dry months.
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Fig. 8: Percentage composition of most abundant diatom taxa in station 7

235



39 @ Plata

O N. prisculas
304 B Nitshia palea

]
b

(8]
<

—
L=
1

Percentage of organisms per litre of water
vy

@’&‘

Res. J. Microbiol., 2 (3): 228-238, 2007

O Namcularyncheephala

<

LIS R SGITLI A8

Fig. 9: Percentage composition of most abundant taxa in station 7

35
| |
o
304 o
=]
m]
254
20
154

10

Percentage of organisms per litre of water

Cymbella trgda
Cveniricosa
Synedraulna

8. acus

Tabellria fenestrata

mim

By

Fig. 10: Percentage composition of most abundant taxa in station 7
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Fig. 11: Percentage composition of most abundant diatom taxa in station 7
DISCUSSION

The raining season between May and October in Nigeria was characterized by low transparency,
increased nuirients concentration, increased total suspended solids, higher turbidity and increased flood
water condition. This observation tallies with the work of Imevbore (1971) who concluded that the
rains bring about low transparency, increased nutrient concentration and high turbidity in dams and
reservoirs. The comparatively high temperature of the dry season could be due to high light intensity.
The enrichment of the reservoir water in the wet season through flood water resulted in the
proliferation of diatoms (Akinyemi, 2000). The higher values of nitrates and phosphates recorded
during the wet months may be due to enrichment of the reservoir water from watershed during this
period, which resulted in the massive growth of certain species of diatoms (Dakshini and Soni, 1982).
The more rapid rate of change in diatom species composition observed during the dry months could
be attributed to a more stable environment and availability of organic nutrients. Silica content of the
reservoir water was found to be higher during the dry months. This substance could have been brought
in during the wet months through floodwater and became concentrated as water volume reduced during
the dry months (Anadu ef al., 1990). As a result of excess nutrients during the wet season certain
species of diatoms formed the dominant orgamisms in the reservoir. These orgamisms are called
pollution tolerant species. The organisms are Pinnilaria gibba, P. biceps, Navicula rhnchocephale,
Aulacoseira granulata, P. mesolepta and Amphora sp. The liveability and substainability of these
organisms despite the stressful environmental conditions and highly turbid water qualified them as
good indicators of pollution. This agrees with findings of Anadu ef af. {1990} and Khan ef «f. {1993)
who pointed out that water quality affects species composition and abundance. The present study
suggests that the presence of any of these organisms in water is an indication of water pollution.

237



Res. J. Microbiol., 2 (3): 228-238, 2007

REFERENCES

Akinyemi, S.A., 2000. Seasonality of Phytoplankton and some environmental. Parameter in Awon
reservoir. Ph.D. Thesis University of Lagos, pp: 266.

Amuda, 8.A., 1990. Freshwater Algae of Ogbe Creck. M.Sc. Thesis University of Lagos, pp: 94.

Anadu, DI, A. Obioha and C. Ejike, 1990. Water quality and plankton periodicity in two contrasting
mine lakes in Jos, Nigenia. Hydrobiologia, 208: 17-25.

Cox, E.I, 1975, A reappraisal of the diatom genus Amphipleura Kutz, using light and electron
microscopy. Br. Phycol. 1., 10: 1-2.

Dakshini, K.M.M. and J. K. Soni, 1982. Diatom distribution and status of organic pollution in sewage
drains. Hydrobioligia, 87: 205-209.

Egborge, A.B.M., 1979. The effects of impoundment on the phytoplankton of the River Osun,
Nigeria. Nova Hedwigia, 31: 40-517.

Imevbore, A.M.A., 1971. Floating vegetation of lake Kainji, Nature, 203; 599-600.

Khan, M.A., T. Fegbemi and C. Ejike, 1983. Diumalvariations of physico-chemical factors of
planktonic organisms in Jos, Plateau (West Africa) Water Reservoir. Jap. J. Limnol., 44: 66-71.

Lowe, R.L., 1974, Environmental requirements and pollution tolerance of freshwater
diatoms. Environmental Monitoring Series, National Environmental Engineering Research Centre,
Gincinnati, Ohio. Environmental Research Series EPA-670/474-005,pp: 334.

Nwankwo, D.1., 1986. Phytoplankton of a sewage disposal site in Lagos Lagoon Nigeria. In: The
Algae. Nig. I. Biol. Sei., 1: 89-96.

Patrick, R., 1964. Diatoms as an indication of river change. Proceedings of the 19th Industrial Waste
Conference Purdue University extension Service, 87: 325-330.

Patrick, R. and C.W. Reimer, 1966. The diatom of the united States: Vol. 2. Monographs of the
Academy of National Science, Phyiladelphia, pp: 13.

Patrick, R.., 1973. Algae, especially diatoms in the assessment of water quality. In: Biological Methods
for the Assessment of Water Quality, ASTM, STP 528. American Society for Testing and
Materials, Waslington, DC., pp: 76-95.

238



	Research Journal of Microbiology.pdf
	Page 1


