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ABSTRACT

The concentrations of heavy metals (Fe > Zn > Cu > Pb > Ag) in bottom sediments and fish gills in Ohana Lake, were
found to be significantly high and far exceeded FEPA and WHO environmental standards for water quality by 1.5 to 18
times, respectively. Six classes of each of phytoplankton and zooplankton with a total of 35 phytoplankton taxa com-
prising 46 species i.e. 35(46) and 22(28) faunal were observed. The class Chlorophyceae dominated the phytoplankton
community with 18(22) followed by Cyanobacteria 6(10). The aquatic fauna was dominated by the Rotifera 8(11), fol-
lowed by the Copepoda 6(9). The benthic flora community consisted of five classes of phytoplankton made up of
28(36). The class Bacillariophyceae 11(15) dominated the group followed by Chlorophyceae 10(11). Benthic fauna
were made up of seven classes of 13(13). The dominant class Nemata 4(4) was followed closely by Protozoa 2(3).
Ohana Lake is fast turning to a eutrophic ecosystem with accompanied algal bloom due to very high nutrient contents.
The equitability or evenness indices (J) for both phytoplankton and zooplankton were lowly indicating generally low
species diversities as well as predominantly unstable ecosystem. The aquacultural implications of these parameters are

discussed.
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1. Introduction

Residential development of lakeshores is expected to
change a variety of key lake features that included in-
creased nutrient loading, increased invasion rate of non-
native species, increased exploitation rates of fishes by
anglers, and alteration of littoral habitats. All of these
factors may alter the capacity of lakes to support produc-
tive native fish populations [1]. Ohana Lake being quite
close to residential area witnesses a lot of anthropogenic
activities such as bathing; canoeing and car/motorcycle
wash, and consequently, is prone to suffer such fate.

Heavy metals are considered as major environmental
pollutants and are regarded as being cytotoxic, mutagenic
and carcinogenic [2].

Knowledge of the physicochemical regimes of a body
of water is invaluable in the determination of the produc-
tivity and other characteristics [3,4] opined that fertility
of water is related to its chemical properties and an un-
derstanding of the water chemistry serves as the basis for
determining whether the water is rich or poor in biologi-
cal production. Physicochemical factors are known to
influence vertical and horizontal migration of organisms,
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the distribution and feeding regime [5]. The water quality
of the lakes and rivers is assessed by the physico-
chemical and biological characteristics of their waters. It
is known that several water quality parameters if not
within normal range could act as stressors and adversely
affect fish growth and reproduction [6]. Hence, regular
monitoring of physicochemical factors is essential for
assessing the status of lakes with references to fish cul-
ture [7,8] noted that density and diversity of flora and
fauna were dependent on chemical regime of water. Fish
yields from lakes and reservoirs are known to have
strong correlation with primary production [9,10]. [11]
studied the concentration of heavy metals in water and
Hemichromis fasciatus of a waste pit influenced by pe-
troleum activities and found that, seasonally, Cd, Cu, Pb,
Mn, Co, Cr, V and Hg had higher mean values in water
during the dry season while Zn, Ni and Fe were higher
during the raining season. All heavy metals except Fe
were higher in mean values during the dry season in H.
fasciatus than during the rainy season.

A survey of the benthos makes it possible to establish
if pollution has occurred in recent past and, if so, whether
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toxic or organic in nature. When organic pollution has
occurred, the number of species is usually restricted, al-
though the few species present may be present in very
high numbers. On the other hand, pollution from toxic
substances may eliminate almost all animals present ex-
cept for a few highly resistant species. A survey of the
benthos is, therefore often of more use than an analysis
of a water sample, since the water sample represents only
one sample taken at one particular point in time and tells
you little about the integrated, long-term effects of water
quality [12].

The study of Ohana Lake is aimed at assessing its
limnology and possible aquacultural potentials. Studies
like this make significant contribution to fishery man-
agement by identifying potential damage to fish popula-
tions, through low oxygen levels, toxic blooms or an-
thropogenic pollution [13].

Description of the Study Area
Ohana Lake is located between latitudes 05°57"24"N and

05°57"31"N and longitudes 008°22'38"E and 008°22'46"E.

It is situated barely 30 m away from the major road link-
ing Calabar and Ikom town and right at the centre of
Ohana community in Obrubra Local Government area of
Cross River State, Nigeria (see Figure 1).

Ohana Lake could be characterized as an oligotrophic
perennial lake due to its nutrient poor status. It is also a
limnetic lake due to its lack of rooted vegetation. The
Lake covers an area of 3.0 km’. The average depth of the
Lake was 4.72 m with maximum depth of 6.5 m and
minimum 0.3 m with a water volume of 14.173377 km”.
It is of low lying vegetation comprising of shrubs and a
few permanent trees surrounding it. Lemna minor domi-
nated aquatic macrophyte.

2. Materials and Methods

Ohana Lake was sampled fortnightly in 2005 in the
month of March. Sampling locations were gotten using a
GPS instrument and the reading converted from longi-
tudes and latitudes to Universal Traverse Mercado (UTM)
coordinate system. Various water depth positions were
first measured using a calibrated line with a lead and
latter confirmed using an echo sounder. Heavy metals
were analyzed using atomic absorption spectroscopy
(A.A.S) following Unicam 919 Solar System. The fish
species were identified using [14] while the mollusks
were identified using [15]. Both phytoplankton and zoo-
plankton were identified using [16-18]. Primary produc-
tion of the lake was determined using light and dark
BOD bottles at various depths and days in accordance to
[19]. The benthic communities were first fractionated
using screens with the following ranges; 0.105 mm, 0.50
mm, 0.30 mm, 0.50 mm and 0.80 mm stacked together
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and shaken vigorously and severally under a slow flow-
ing tap water and latter identified under a microscope for
the smaller groups and direct observation for the macro
benthos using the appropriate taxonomic keys. Dissolved
oxygen and temperature were analyzed by meter/probe
methods [20], nitrate by cadmium reduction/diazotization
method following [21]. Phosphate was analyzed by mo-
lybdenum blue method (spectrophotometrically) [21].
Total dissolved solids (TDS) and conductivity by meter/
probe methods (3000 HACH); turbidity was by trans-
parency disc while Total suspended solids (TSS) and
colour was measured using spectrophotometer (3000
HACH). Water hardness—Ca’**, Mg®*—by complexomet-
ric (titration) method [20,22].

The Shannon-Wiener’s index (H') was adopted in
calculating the diversity indices of species (Shannon-
Wiever, 1948) while the Equitability or evenness index (J)
was used to compare the H' index.

3. Results

Iron (Fe) values from sediment sample averaged 359.8
mg/L. Likewise, the average values 10.01 mg/L, 10.79
mg/L, 5.9 mg/L and 37.42 ml/L, respectively, were real-
ized for lead, copper, silver and zinc in the sediments.
Results of analysis of fish gills showed that lead was not
detected, the rest metals had the following values: iron—
35.17 mg/L, copper—0.315 mg/L, silver—0.45 mg/L
and zinc—3.097 mg/L. The summary of the trace metals
of Ohana Lake are represented in Table 1.

Table 2 summarizes the physicochemical parameters
and nutrients of Ohana Lake, Nigeria during the sam-
pling periods. The hydrographic data and nutrients in
Ohana Lake are shown in Table 3. Temperature ranged
from 31.7°C to 35.0°C with average of 33.12°C + 1.01°C.
Ohana Lake exhibited a mild thermal stratification. Both
temperature and dissolved oxygen decreased with depth.
Dissolved oxygen levels in Ohana Lake ranged from 3.9
to 4.1 mgOy/L with a mean of 4.01 + 0.099 mgO,/L.
Figure 2 shows the inverse relationships between dis-
solved oxygen and depth in metres in Ohana Lake. The
pH of the water ranged from 6.90 to 7.79 with average of

Table 1. The mean values of the trace metals of Ohana Lake,
Cross River State, Nigeria on fish and sediment samples.

Trace Metals Sediment Fish Gill Av. +s.d
Iron (ppm) 35984092  35.17+0.10  197.485+23
Lead (ppm)  10.01+2.20 N.a 10.01 £ 1.55

Copper (ppm)  10.79 £ 1.55 0.315+2.64 5.553 £ 7.40
Silver (ppm) 5.90+0.10 0.45 +0.00 3.175£3.85
Zinc (ppm)  37.42+244  3.067+255 202442430

N.a = Not available.
OJAppS
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Figure 1. Map of Cross River State, Nigeria, showing the sampling location—Ohana Lake located at Lat. 05°57'24"'N and
05°57'31"N and long. 008°22'38"'E and 008°22'46" E—by an arrow.

7.66 + 0.28 (Table 3). The total alkalinity in Ohana Lake
ranged from 20 to 25 mg/L with a mean of 21 + 2.1 mg/L.
The values for total hardness ranged from 16.0 to 25.9
mg/l with a mean of 19.61 £ 2.1, while that of conductiv-
ity was 33.0 + 6.46 ps/cm ranging from 29.0 to 48.0
ps/cm. TDS ranged from 14 to 26 with a mean of 16.2 £
3.64, nitrate was from 0.231 to 1.98 mg/l with a mean of
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0.645 £ 0.54, sulfate ranged 1.170 to 1.81 mg/l and av-
eraged 1.517 + 0.17, silicate ranged from 1.149 to 1.386
mg/l and had a mean of 1.208 £ 0.10 while colour ranged
from 28 to 45 pt/Co with a mean of 33.2 + 9.58.

Plankton Distribution, Density and Diversity
The water body had six classes each of phytoplankton
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Table 3. Mean hydrographic data of Ohana Lake, Cross
River State, Nigeria.

Stn Water Temp. °C Depth (m) D.O. mgO,/1
1 31.7+0.80 0.3+£0.01 5.5+1.10
2 329+1.34 1.3£0.10 32+1.25
3 33.5+1.23 1.8+1.20 3.3+0.08
4 334+1.24 2.0+£0.04 34+1.18
5 35.0+0.15 25+1.10 3.6+221
6 31.8+1.35 4.34+0.00 33+1.16
7 33.7+1.14 45+2.12 3.4+1.90
8 32.3+0.82 5.0+0.08 3.5+£2.24
9 33.9+2.02 6.6+£2.10 3.5+3.15
10 31.7+1.76 3.8+0.19 34+1.10
7 -
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Figure 2. Relationship between depth and dissolved oxygen
in Ohana Lake in Cross River State, Nigeria.

and zooplankton with a total of thirty-five phytoplankton
taxa comprising forty-six species and twenty-two faunal
taxa of twenty-eight species. The class Chlorophyceae
dominated the phytoplankton community with eighteen
taxa having twenty-two species followed by Cyanobacte-
ria had six taxa comprising ten species and Bacillario-
phyceae with six taxa and seven species. Both Pyrrophy-
ceae and Xeminophyceae had three taxa and three spe-
cies each while Euglenophyceae had one species from
one taxon. The zooplankton was dominated by Rotifera
of eleven species from eight taxa, followed by the Cope-
poda with six taxa comprising nine species. Both Clado-
cera and Ostracoda came third in abundance having three
taxa and three species each, and lastly Protozoa with two
taxon and two species (Table 4).

The benthic flora had five classes of phytoplankton
made up of twenty-eight (28) taxa and thirty-six (36)
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species. The class Bacillariophyceae dominated the group
with eleven (11) taxa of fifteen (15) species followed by
Chlorophyceae with eleven species from 10 taxa. Cyano-
bacteria followed this with six (6) taxa and eight (8) spe-
cies (Table 4). The other two classes Euglenophyceae
and Xeminophyceae each had one taxon and one species.
The aquatic benthic fauna represented by seven classes
of 13 taxa and 13 species was dominated by the class
Nemata of 4(4) followed by Protozoa 2(3), Rotifera 2(2),
while Bivalvia (Protobranchia); Cladocera, Gasterotricha,
Odonata and Ostracoda had one taxon and one species
each.

The mean diversity index for the water flora of Ohana
Lake was 0.969 + 2.55 and 0.778 + 1.23 for zooplankton.
The equitability or evenness index (J) yielded 1.611 and
—3.05, respectively for phytoplankton and zooplankton
(Table 3). These low diversity indices indicate generally
low species diversities as well as predominantly unstable
ecosystem. The diversity index for the benthic flora was
0.371 + 0.57 while that of the benthic fauna was 2.23 +
2.80. The equitability or evenness index (J) resulted in
—15.50 and 4.18, respectively, for benthic flora and fauna.
The very low floral diversity index values indicate very
low species diversities as well as predominantly unstable
ecosystem while the faunal diversity indexes indicate
slightly higher species diversity and a mild stable eco-
system.

The planktonic community present in the water col-
umn of Ohana Lake included the following: Bacillario-
phyceae (Coscinodiscus excentricus, Ehr, C. lacustris
Grunow, Cyclotella stelligera 1 et Grun, Fragilaria sp.
Melosira ambigua (Grun), Surirella robusta var splendid,
Thermalis denticum), Chlorophyceae (Chlorella vulgaris
Beij, Chlamydomonas sp, Chodatella wratislawiensis
(Shroeder), Coeolosphaerium dubium, Cosmocladium
saxonicum De Bary, Crucigenia rectangularia (Nig.),
Eudorina elegans Ehr., Lauterboniella elegantissima
Schmidle, Lyngbya limnetica Lemm., Pediastrium stur-
mii Reinsch, Protococcus sp, Scenedesmus bijuga (Turp.),
S. obliquus (Turp.), S. quadricauda Bréb, Spirogyra sp,
Staurastrum apiculatum Bréb, Tetradesmus wisconsinen-
sis Smith, Tetrastrum elegans Playfair, T. heterocanthum
(Nordst.), Tetraedron tumidulum Hansg, T. minimum
(A.Br.), Zygnema sp, Cyanobacteria (Anabaena affinis
Lemm, Aphanothece clathrata W. et G.S. West, Aphan-
othece stagnima B. Peters & Geitl, Coelosphaerium
kuetzingianum Niag, Gloeocapsa limnetica (Lemm.),
Merismopedia punctata Meyen, Microcystis aeruginosa
Kurz, Microcystis pulverea (Wood), Microcystis aer-
uginosa F. Flos-aquae, Microcystis Grevillei Hass,),
Euglenophyceae Euglena caudate Hiibner), Pyrrophy-
ceae (Glenodinium cinctum Ehr, Gymnodinium excav-
atum Nyg, Peridinium cinctum (O.F.M), Xeminophyceae
(Tribonema minus Hazen, Tribonema viride Pasch,
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Table 4. Shows plankton and benthos distribution, density, percentage composition and diversity indices at the given sam-
pling stations in Ohana Lake.

Stn 1
Class Species Qty per mL Density/L (c.75 mLs) % Composition  Diversity Index (H)
Cyanobacteria Microcystis aeruginosa Kurz 20 15 51.28 2.80
I (Wood) 8 6 20.51 0.45
Microcystis aeruginosa F.Flos-aquae 8 6 20.51 0.45
Aphanothece clathrata W. et G.S. West 1 0.75 2.56 0.007
Coelosphaerium kuetzingianum Nig 2 1.5 5.13 0.028
Chlorophyceae Chlamydomonas sp 1 0.75 14.29 0.07
Pediastrium sturmii  Reinsch 3 1.5 42.86 0.66
Spirogyra sp 3 2.25 42.86 0.66
Zooplankton
Copepoda Eudiaptomus gracilis 2 1.5 25 0.24
Thermocyclops crassus 2 1.5 25 0.24
Thermocyclops neglectus Sars 1 0.75 12.5 0.06
Microcyclops rubellus 2 1.5 25 0.24
Microcyclops varicans Sars 1 0.75 12.5 0.06
Rotifera Brachionus calyciflorus dorcas (Goose) 1 0.6 5.88 0.02
Brachionus falcatus Zacharias 14 10.5 82.35 4.07
Brachionus potulus potulus 1 0.75 5.88 0.02
Lepadella patella Miiller 1 0.75 5.88 0.02
Cladocera Chydorus sphaericus (O.F. Muller) 1 0.75 50 0.72
Graptoleberis testudinaria Fischer 1 0.75 50 0.72
Ostracoda Cyprinotus pellucidus 1 0.75 100 0
Odonata Neurocordulis sp. 1 1.5 100 0
Protozoa Arcella vulgaris Ehr. 2 1.5 100 2.89
Stn 2
Class (Phytoplankton) Species Qty per mL Density/L (c.185 mLs) % Composition  Diversity Index (H’)
Cyanobacteria Microcystis Grevillei Hass. 3 5.55 60 1.12
Gloeocapsa limnetica (Lemm.) 2 3.7 40 0.50
Chlorophyceae Pediastrium sturmii Reinsch 2 3.7 13.33 0.10
Scenedesmus quadricauda Bréb 1 1.85 6.67 0.03
Chlorella vulgaris Beij 1 1.85 6.67 0.03
Tetradesmus wisconsinensis Smith. 1 1.85 6.67 0.03
Eudorina elegans Ehr. 3 5.55 20 0.22
Crucigenia rectangularia (Nég.) 3 5.55 20 0.22
Protococcus sp 4 7.40 26.67 0.39
Xeminophyceae Tribonema minus Hazen. 1 1.85 100 0
Bacillariophyceae Melosira ambigua (Grun) 1 1.85 100 0
Pyrrophyceae Glenodinium cinctum Ehr. 7 12.95 87.5 2.95
Gymnodinium excavatum Nyg. 1 1.85 12.5 0.06
Zooplankton
Copepoda Bryocamptus birsteinii 1 1.85 12.5 0.06
Eudiaptomus gracilis 1 1.85 12.5 0.06
Tropodiaptomus protoceifer 1 1.85 12.5 0.06
Cop. Nauplii 5 9.25 62.5 1.50
Rotifera Brachionus falcatus Zacharias 1 1.85 100 0
Cladocera Dunhevedia serrata Daday 1 1.85 100 0
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Stn 3
Class Species Qty permL  Density/L (c.137 mLs) % Composition  Diversity Index (H”)

Cyanobacteria Microcystis aeruginosa Kurz 11 15.07 57.89 2.16
Merismopedia punctata Meyen 4 5.48 21.05 0.29

Gloecapsa limnetica (Lemm.) 1 1.37 5.26 0.02

Aphanothece clathrata W. et G.S. West 3 4.11 15.79 0.16

Chlorophyceae Chlorella vulgaris Beij 3 4.11 375 0.54
Pediastrium sturmii Reinsch 1 1.37 12.5 0.06

Lauterboniella elegantissima Schmidle 1 1.37 12.5 0.06

Scenedesmus obliquus (Turp.) 3 4.11 37.5 0.54

Xeminophyceae Tribonema minus Hazen 2 2.74 66.67 1.21
Tribonema viride Pasch 1 1.37 3333 0.30

Bacillariophyceae Coscinodiscus excentricus Her 2 2.74 50 0.72
Thermalis denticum 2 2.74 50 0.72

Copepoda Heterocape appendiculata Sars 1 1.37 11.11 0.051
Thermocyclops crassus 2 2.74 2222 0.20

Thermocyclops kawamurai Kikuchi 1 1.37 11.11 0.051
Bryocamptus birsteinii 3 4.11 33.33 0.455

Microcyclops varicans (Sar) 1 1.37 11.11 0.051

U.i 1 1.37 11.11 0.051

Rotifera Brachionus calyciflorus dorcas (goose) 1 1.37 20 0.12
Brachionus falcatus Zacharias 4 5.48 80 1.99

Stn 5
Class Species Qty per mL Density/L (c.2 mLs) % Composition  Diversity Index (H”)

Cyanobacteria Microcystis aeruginosa Kurz 2 0.04 100 0.72
Chlorophyceae Pediastrium sturmii Reinsch 2 0.04 3.03 0.01
Scenedesmus obliquus (Turp.) 2 0.04 3.03 0.01

Scenedesmus quadricauda Bréb 2 0.04 3.03 0.01

Scenedesmus bijuga (Turp.) 6 0.12 9.09 0.13

Chlorella vulgaris Beij 29 0.58 43.94 3.04

Tetradesmus wisconsinensis Smith 7 0.14 10.61 0.18

Tetrastrum elegans Playfair 7 0.14 10.61 0.18

Eudorina elegans Ehr. 6 0.12 9.09 0.13
Tetraedron tumidulum Hansg 1 0.02 1.51 0.004
Protococcus sp 1 0.02 1.51 0.004

Lyngbya limnetica Lemm. 2 0.04 3.03 0.01
Chlamydomonas sp 1 0.02 1.51 0.004
Xeminophyceae Tribonema vulgare Pasch 1 0.02 100 0

Bacillariophyceae Cyclotella stelligera Cl. et Grun 3 0.06 100 2.73
Pyrrophyceae Glenodinium cinctum Her 18 0.36 100 6.23
Copepoda Bryocamptus birsteinii 7 0.14 100 3.60
Rotifera Brachionus falcatus Zacharias 1 0.02 25 0.18
Brachionus calyciflorus dorcas (Goose) 1 0.02 25 0.18

Testudinella caeca 1 0.02 25 0.18

Lecane luna Miiller 1 0.02 25 0.18

Cladocera Alona monachanta (Stingelin) 1 0.02 100 0

Copyright © 2013 SciRes.
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Stn 6
Class Species Qty per mL Density/L (c.112 mLs) % Composition Diversity Index (H’)
Cyanobacteria Microcystis aeruginosa Kurz 2 2.24 100 2.88
Chlorophyceae Pediastrium sturmii Reinsch 1 1.12 25 0.18
Chlamydomonas sp 1 1.12 25 0.18
Spirogyra sp 1 1.12 25 0.18
Pleodorina californica Shaw 1 1.12 25 0.18
Bacillariophyceae Coscinodiscus excentricus Ehr 1 1.12 50 0.72
Coscinodiscus lacustris Grunow 1 1.12 50 0.72
Copepoda Bryocamptus birsteinii 2 2.24 100 2.88
Rotifera Ascomorpha ecudis 1 1.12 12.5 0.06
Brachionus falcatus Zacharias 6 6.72 75 2.16
Brachionus potulus potulus 1 1.12 12.5 0.06
Cladocera Chydorus sphaericus (O.F. Muller) 1 1.12 100 0
Ostracoda Physiocypria inflate 1 1.12 100 0
Stn 8
Class Species Qty per mL Density/L (c.60mLs) Diversity Index(D”)
Cyanobacteria Microcystis aeruginosa Kurz 1 0.6 0.30
Aphanothece stagnima B. Peters & Geitl 2 1.2 1.21
Bacillariophyceae Coscinodiscus excentricus Her 1 0.6 0
Rotifera Brachionus calyciflorus dorcas (Goose) 1 0.6 0.03
Brachionus falcatus Zacharias 10 6 3.35
Brachionus diversicornis 1 0.6 0.03
Cladocera Leyaigia macrodonta Sars 1 0.6 0
Ostracoda Cyprinotus pelucidus 1 0.6 0.30
Cyst 2 1.2 1.21
Protozoa Stentor polymorphus Miiller 3 1.8 2.73
Stn 10
Class Species Quantity per mL  Density/L (c.131 mLs) % Composition  Diversity Index (H”)
Cyanobacteria Microcystis Grevillei Hass. 1 1.31 2.56 0.01
Aphanothece clathrata W. et G.S. West 28 36.68 71.79 5.49
A. stagnina Peter & Geitl 10 13.10 25.64 0.70
Chlorophyceae Scenedesmus quadricauda Bréb 1 1.31 1.04 0.002
Chlorella vulgaris Beij 92 120.52 95.83 19.32
Coeolosphaerium dubium 1 1.31 1.04 0.002
Cosmocladium saxonicum De Bary 2 2.62 2.08 0.009
Xeminophyceae Tribonema minus Hazen 1 1.31 100 0
Bacillariophyceae Surirella robusta var splendida 1 1.31 100 0
Pyrrophyceae Glenodinium cinctum Ehr. 4 5.24 100 2.88
Copepoda Tropodiaptomus protoceifer 5 6.55 100 3.11
Ostracoda Entocythere talulus Hoff 1 1.31 50 0
Cyprinotus pellucidus 1 1.31 50 0
Cladocera Alona rectangula rectangular Sars 1 1.31 25 0.18
Dunhevedia crassa King 1 1.31 25 0.18
Cladocera nauplii 2 2.62 50 0.72
Rotifera Lecane ungulate 62 81.22 32.63 3.85
Nothommata aurita 1 1.31 0.53 0.001
Monostylla bulla 56 73.36 29.47 3.15
Asplanchna priodonta 52 68.12 27.37 2.71
Brachionus falcatus Zacharias 9 11.79 4.74 0.08
Rotifer cysts 10 13.1 5.26 0.10
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Benthos within 0.105 mm Sieve

Class Species Qty per mL Density/L (c.130 mLs) % Composition  Diversity Index (H”)
Chlorophyceae Scenedesmus armatus (Chod.) 2 2.60 16.66 0.13
Scenedesmus bijuga (Turp.) 1 1.30 8.3 0.03
Closteriopsi\;}l.ogrlg(i}s.smastvar. tropica 1 130 33 0.03
Closterium strigosum Bréb 1 1.30 8.3 0.03
Eudorina elegans Ehr. 1 1.30 8.3 0.03
Tetradesmus wisconsinensis Smith. 1 1.30 8.3 0.03
Tetrastrum heterocanthum (Nordst.) 3 3.9 23.07 0.30
Pediastrum boryanum Menegh. 1 1.30 8.3 0.03
Spirogyra sp 1 1.30 8.3 0.03
Bacillariophyceae Surirela robusta var.splendida 2 1.30 28.57 0.29
Nitzschia sigma (Kiirtz) 1 1.30 14.29 0.07
Achnanthes lanceolta 2 2.60 28.57 0.29
Pinnularia Braunii 1 1.30 14.29 0.07
Gomphonema sphaerophorum 1 1.30 14.29 0.07
Cyanobacteria Anabaena sp. 1 1.30 50 0.72
Oscillatoria limosa Ag. 1 1.30 50 0.72
Xeminophyceae Tribonema minus Hazen 1 1.30 100 0
Nemata Rhabdolaimus minors 3 3.90 60 1
Trilobus longus 2 2.60 40 0.50
Protozoa Chilodonella spp 13 16.90 92.86 4.57
Paramecium caudatum Ehr. 1 1.30 7.14 0.027
Gasterotricha Chaetonotus sp 1 1.30 100 0

Benthos within 0.150 mm Sieve

Class (Flora) Species Qty per mL Density/L (c.200 mLs) % Composition  Diversity Index (H”)
Xeminophyceae Tribonema minus Hazen 1 2 100 0
Euglenophyceae Euglena oxyuris Schmarda. 1 2 100 0

Bacillariophyceae Denthicum thermalis 1 2 20 0.12
Nitzschia sigma (Kiirtz) 2 4 40 0.50

Coscinodiscus excentricus Ehr. 2 4 40 0.50

Cyanobacteria  Aphanothece stagnina B. Peters et Geitl. 2 4 15.38 0.12
Microcystis sp 1 2 11.11 0.03

Dactylococcopsis irregularis Smith 9 18 69.23 243

Spirulina princeps B. Peters et Geitl. 1 2 11.11 0.03

Class (Fauna)

Nemata Rhabdolaimus minors 3 6 100 2.73
Rotifera Philodina erythrophthalma Ehr. 2 4 100 2.88
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Benthos within 0.30 mm Sieve
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Class (Flora) Species Qty permL  Density/L (¢.200 mLs) % Composition  Diversity Index (H’)
Chlorophyceae Eudorina elegans Ehr. 1 2 100 0
Bacillariophyceae Achnantes inflata 8 16 53.33 1.58

Pinnularia appendiculata (Ag.) 1 2 6.66 0.02

Coscinodiscus excentricus Ehr 3 6 20 0.22

Cymbella naviculiformis Auerswald. 1 2 6.66 0.02

Surirella Capronii Bréb 1 2 6.66 0.02

Stauroneis anceps Ehr. 1 2 6.66 0.02

Cyanobacteria ~ Aphanothece stagnina B. Peters et Geitl. 1 2 20 0.12
Microcystis Grevillei 2 4 40 0.50

Spirulina princes B. Peters et Geitl. 2 4 40 0.50

Class (Fauna)

Gasterotricha Chaetonotus sp 2 4 100 2.88
Rotifera Eothinia elongate Ehr. 1 100 0
Protozoa Chilodonella uncinata 13 26 100 5.06
Nemata Aphelenchoide microlaimus 3 50 0.84

Rhabdolaimus minors 3 50 0.84
Benthos within 0.40 mm Sieve
Class (Flora) Species Quantity per mL.  Density/L (conc.60 mLs) % Composition — Diversity Index (H’)
Chlorophyceae Paramecium caudatum Ehr. 1 0.6 11.11 0.05
Lyngbya limnetica Lemm. 1 0.6 11.11 0.05
Closterium strigosum Bréb. 6 3.6 66.66 1.82
Hyalotheca dissiliens (Sm.) 1 0.6 11.11 0.05
Cyanobacteria  Aphanothece clathrata W. et G.S. West 1 0.6 20 0.12
Microcystis Grevillei Hass. 1 0.6 20 0.12
Spirulina princeps B. Peters et Geitl. 3 1.8 60 1.12
Class (Fauna)

Cladocera Chydorus sphaericus 1 0.6 100 0

Ostracoda Physiocypria inflata 1 0.6 100 0

Rotifera Eothinia elongate Ehr. 2 1.2 100 2.88

Protozoa Chilodonella uncinata 22 13.2 100 7.11

Nemata Rhabdolaimus minors 2 1.2 50 0.72

Diplogaster factor 2 1.2 50 0.72
Benthos within 0.50 mm Sieve
Class (Flora) Species Qty per mL Density/L (c.190 mLs) % Composition  Diversity Index (H’)

Chlorophyceae Closterium strigosum Bréb 5 9.50 71.43 1.84
Scenedesmus armatus (Chod.) 2 3.80 28.57 0.29
Cyanobacteria  Aphanothece clathrata W. et G.S. West 5 9.50 71.43 1.84
Spirulina princeps B. Peters et Geitl. 2 3.80 28.57 0.29
Bacillariophyceae Achnanthes Peragallii 1 1.90 16.66 0.09
Coscinodiscus excentricus Ehr 1 1.90 16.66 0.09
Gyrosigma acuminatum (Kiirtz.) 2 3.80 3333 0.37
Surirella robusta Ehr. 3.80 33.33 0.37

Class (Fauna)
Nemata Aphelenchoide microlaimus 5 9.50 100 3.11
Protozoa Chilodonella uncinata 1 1.90 2.38 0.11
Paramecium caudatum Ehr. 42 79.80 97.62 10.91
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Benthos within 0.8 mm Sieve

Class (Fauna) Species

Qty per mL

% Composition Diversity Index (H”)

Bivalvia (Probranchia) Nucula sulcata Bonn

100 2.88

Tribonema vulgare Pasch) while the Zooplankton com-
munity included: Copepoda (Bryocamptus birsteinii, Eu-
diaptomus gracilis, Heterocape appendiculata Sars,
Microcyclops rubellus, Microcyclops varicans Sars, The-
rmocyclops crassus, Thermocyclops kawamurai Kikuchi,
Thermocyclops neglectus Sars, Tropodiaptomus protoc-
eifer, Cop. Nauplii), Protozoa (Arcella vulgaris Ehr.,
Stentor polymorphus Miiller), Rotifera (Ascomorpha
ecudis, Asplanchna priodonta, Brachionus calyciflorus
dorcas (Goose), Brachionus falcatus Zacharias, Brac-
hionus potulus potulus, Lecane luna Miiller, Lecane un-
gulate, Lepadella patella Miiller, Monostylla bulla, Not-
hommata aurita, Rotifer cysts, Testudinella caeca,)
Cladocera (Chydorus sphaericus (O.F. Muller), Grap-
toleberis testudinaria Fischer, Dunhevedia serrata Daday,
and Ostracoda (Cyprinotus pellucidus, Entocythere talu-
lus Hoff, Physiocypria inflate)

Similarly the benthic floral and faunal of Ohana Lake
consisted of Bacillariophyceae (Achnanthes inflate, A.
lanceolta, A. Peragallii, Coscinodiscus excentricus Ehr,
Cymbella naviculiformis Auerswald, Denthicum ther-
malis, Gomphonema sphaerophorum, Gyrosigma acu-
minatum (Kiirtz.), Nitzschia sigma (Kiirtz), Pinnularia
Braunii, P. appendiculata (Ag.), Stauroneis anceps Ehr,
Surirella Capronii Bréb, Surirella robusta Ehr., Surirella
robusta var. splendida), Chlorophyceae (Closteriopsis
longissima var. tropica W. & G. west, Closterium strigo-
sum Bréb, Eudorina elegans Ehr., Hyalotheca dissiliens
(Sm.), Lyngbya limnetica Lemm., Pediastrum boryanum
Menegh., Scenedesmus armatus (Chod.), S. bijuga (Turp.),
Spirogyra sp Tetradesmus wisconsinensis Smith. Tetra-
strum heterocanthum (Nordst.), Cyanobacteria (Ana-
baena sp., Aphanothece clathrata W. et G.S. West, A.
stagnina B. Peters et Geitl., Dactylococcopsis irregularis
Smith, Microcystis Grevillei, Microcystis sp., Oscillato-
ria limosa Ag., Spirulina princeps B. Peters et Geitl.,)
Euglenophyceae (Euglena oxyuris Schmarda.), Xemino-
phyceae (Tribonema minus Hazen)

The Benthic fauna species diversity in Ohana Lake In-
cluded Cladocera (Chydorus sphaericus (O.F.Muller),
Bivalvia (Nucula sulcata Bonn), Gasterotricha (Chae-
tonotus sp), Nemata (Aphelenchoide microlaimus, Dip-
logaster factor, Rhabdolaimus minors, Trilobus longus),
Ostracoda (Physiocypria inflate), Odonata (Neurocor-
dulis sp.), Protozoa (Chilodonella spp Chilodonella un-
cinata, Paramecium caudatum Ehr,), and Rotifera (Eo-
thinia elongate Ehr. Philodina erythrophthalma Ehr.).

The net photosynthetic activity ranged from —0.0312 C
in mg/L to 0.312 C in mg/L with a mean of —0.063 +
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0.277 C in mg/L while the gross photosynthetic activity
ranged from 0.0 joules (j) to 23.13j with a mean of 7.44 +
10.50j. Net primary production at surface (0.0 m), middle
(0.5m) and 1.0m depth, respectively, for four samplings
were —0.0312 C in mg/L, —0.412 C in mg/L, —0.686 C in
mg/L; —0.312 C in mg/L, 0.094 C in mg/L, 0.094 C in
mg/L; 0.062 C in mg/L, 0.062 C in mg/L, —0.125 C in
mg/L; and 0.312 C in mg/L, 0.094 C in mg/L, 0.094 C in
mg/L. The corresponding Gross photosynthetic activity
were 10.28 energy in joules (j), 3.855j, 0.0j; 2.57j, 23.13],
10.285; 2.57j, 2.57j, —14.778j; and 15.42j, 23.13j, 10.28].
Positive correlation (r = 0.504) was observed between net
and gross photosynthetic activity in Ohana Lake. De-
creasing photosynthetic activity was observed when the
light and dark bottles were allowed to stay beyond the
period of active photosynthesis (10 a.m. to 4.00 p.m.).

4. Discussion

The concentration of heavy metals in the fish gills and
bottom sediments from Ohana Lake were found to be
significantly high and exceeded the water quality criteria
by 1', to 18 times, respectively. Besides lead that was
not detected in fish, iron, copper, silver and zinc all ex-
ceeded the [23] set standards in both fish and sediments.
Iron values were beyond the 20 mg/L upper limit for
polluted environment [23-25]), which puts Ohana Lake
as a highly polluted environment. Comparatively, the
concentration of heavy metals in the interstitial water
was found to be significantly high and exceeded the wa-
ter quality criteria by three to eleven times [26]. [11]
opined that the mean abundance of heavy metals in H.
fasciatus was Fe > Zn > Mn > Cu > Cd > Co > Pb > Ni >
Cr > V. The monthly concentrations of heavy metals in H.
fasciatus were far higher than those in water. The con-
centrations of Pb, Fe and Mn were above WHO limits for
drinking water for some months while Fe and Mn values
in H. fasciatus were above WHO limits for food in
twelve months with Zn, Cd, Cu, Pb, Ni, Co and Cr ex-
ceeding WHO limits for some months. The findings re-
veal that the water and the fish (H. fasciatus) are con-
taminated and not fit for drinking and consumption by
humans. The heavy metal pollution of natural environ-
ment has been consistently increasing through effluents,
sedimentation of rocks and mining activities [2]. The
high load of heavy metals in Ohana Lake must have been
due to accumulation of heavy metals from the explosives
used during quarrying activities and sedimentation of
rocks and wash off from cars etc. [27] indicated that the
general pattern in descending order of heavy metals
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accumulation in the muscle of the fishes examined is Fe
> 7Zn > Cu > Pb. The highest mean value of heavy metals
recorded is the iron level in Scomber scombrus (944.38 +
548.58 mg/kg). The concentration of iron and copper
were significantly different (P < 0.05) among the fish
samples. The mean value of Iron in Scomber scombrus
samples examined was higher than the World Health
Organization (WHO) allowable limit in food.

The presence of metal pollutants in freshwater is
known to disturb the balance of aquatic ecosystem and
this has been noticed to manifest in the presence of some
irregularities in fish physiology as fishes tend to concen-
trate some metals in their body tissues [28]. It was also
recognized that the increased environmental burdens of
metals and acids in lakes were potentially stressful to
local fisheries. For instance, fish population may be lost
from lake apparently because of reproductive failures
[29]. Thus, fishes are sensitive indicators of heavy metals
pollution [30]. Heavy metals such as lead, cadmium, zinc,
iron, silver, mercury and chromium etc have not been
shown to be essential for life. Rather they are introduced
into our environment in large quantities by human activi-
ties. Organometalic derivatives of these metals are usu-
ally volatile and may be concentrated in the fatty tissues,
and sometimes result in chromosomal damage thus mak-
ing them particularly dangerous. [31] noted that the use
of fish alone to access the level of heavy metals may be
misleading if not carefully interpreted.

The temperature range of Ohana Lake fell within the
recommended temperature conducive for optimum
growth of fish in the tropics according to the Institute of
Food and Agriculture Sciences, University of Florida
(IFAS, Circular 1051). The study shows that the lake
water temperature remained around the upper limit of the
optimum range throughout the sampling periods and
hence might not probably affect fish growth. However,
[32] observed a milder water temperature in Lake Chad
to be 24.63°C + 4.70°C, which must have contributed to
the high productive nature of Lake Chad compared to the
low productive nature of Ohana Lake.

The dissolved oxygen level in Ohana Lake was lower
than that of Lake Chad (6.95 £ 0.53 mgO,/L) [32]. Low
DO level, indicates decomposition of organic matter and
bacterial and may be caused by high temperature leading
to decreased oxygen holding capacity of water as sug-
gested by [33] for Senthil sarovar and due to higher
trophogenic activities as observed in Lake Taudaha in
India [34]. The minimum DO level required in a lake to
support average or good fish production is >5 ppm [35].
Both the range and mean DO in Ohana Lake fell below
the minimum, and consequently, is not likely to support
good fish growth.

[35] Earlier stated that both highly acidic and alkaline
medium (pH 5.50 to 6.50 and pH 9.0 and above) is un-
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suitable for good fish production. [36-38] indicated that
alkaline medium is a usual attribute of a productive water
bodies. [36] and [39] reported the normal range for
inland waters as 6.0 to 9.0. The pH of Ohana Lake is
within this range and hence not likely to constitute
stressor for fish.

Generally, the minimum level of total alkalinity re-
quired for water to be most productive is >50 ppm [40].
The minimum level of total alkalinity preferred for fish
culture is 100 mg/L [41]. The very low level of total al-
kalinity (20 to 25 mg/L) in the lake is unlikely to support
aquaculture growth.

Total hardness fell within WHO/EEC standard. [42]
stated that a lake is adjudged to be distinctly eutrophic
when the calcium exceeds 25 mg/L. The only station (stn
5) with 25.9 + 0.001 beyond this range was a small chan-
nel outside of the main lake but has some connection
with the lake such that during high water level there is a
mixing of the two water bodies.

[32] had mean conductivity in Lake Chad as 380.63 +
51.76. The very low electrolyte conductivity of the Lake
which depicts low concentration of ions (i.e. charged
solutes) compared to the range of 21.5 to 1523 ps/cm
with a mean of 493.6 + 432.5 ps/cm in outdoor condition
by [43] infers that Ohana Lake is unlikely to promote
good aquaculture activity.

Turbidity is caused by wide variety of suspended sol-
ids, organic colloidal compounds and cause dispersion of
sewage [44,45]. Turbidity reduces the light penetration
and high rate of phytoplankton production is restricted to
the upper waters. With water transparency using a secchi
disc ranging from 0.8 m to 1.4 m with a mean of 1.0 +
0.28 m, the secchi depth was seen to be inversely related
to turbidity and determined the conditions of availability
of light in the water column to support photosynthesis by
phytoplankton, and hence primary production. The ap-
proximate vertical extent of the euphotic zone in Ohana
Lake is 3.0 m following [43,46] had a mean of 90.47 +
65.2 FTU, which promoted good fish culture.

The higher the silicate levels the more the diatoms.
The low values are reflected in the low diatom group in
the sample area.

The value for total dissolved solids in Ohana Lake is
far below the upper limit set by [23] for polluted envi-
ronment. Suspended solids or particulate matter in fresh
or marine waters are of importance to aquaculture be-
cause they may damage fish gills and interfere with res-
piration. Secondly, they may cause siltation and smoth-
ering of benthos and interference with feeding of bivalve
filter feeders. High turbidity due to suspended solids also
reduce photosynthesis and hence production of phyto-
plankton and submerged periphyton. A high content of
suspended organic solids will exert a biological oxygen
demand and lead to oxygen depletion. Based on [23]
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guidelines the total dissolved solids in Ohana Lake are
much less than the upper limit set that could cause pollu-
tion.

BOD:s levels usually depict the organic enrichment and
show the decay of plants and animal matter in the Lake
[47]. Water bodies with BODs higher than 35 - 45 mg/L
are not to be considered as good quality for fish culture
[48]. The BODs of Ohana Lake is comparatively quite
low, and consequently, is not likely to contribute ad-
versely to fish growth and culture. The minimum level of
nitrate required for a lake to be productive is 0.1 mg/L
[7]. The mean value of 0.645 + 0.54 mg/L in Ohana Lake
is much higher than the minimum requirement and is
likely to have contributed to the algal blooms observed in
the lake.

The phosphate levels in the lake were zero in all the
sampling stations. The apparent absence of phosphate
may be due to the immediate utilization of nutrients by
the phytoplankton. The absence of PO,P may also be
due to the interaction between PO,P and calcium [49].
[50] indicated that the optimum level of phosphate
needed for the growth of plankton is 0.1 to 0.2 mg/L.
When higher than this, may lead to eutrophication and
algal blooms [51] and could be detrimental to fish. The
present study has zero level phosphate concentration,
which may be due to its utilization by plants to generate
intense algal bloom. However these zero values are far
below the optimum required for plankton growth re-
quired to form enough food for fish, and consequently,
may not be able to boost the fish community of the Lake.

Highly coloured water is not desirable on aesthetic
ground and may not be suitable for some industrial uses
[52]. Apparent colour in Ohana ranged from 16 pt/Co to
45 pt/Co with a mean of 35.3 £ 9.1 pt/Co. At all sam-
pling station the apparent colour in Ohana Lake is be-
yond the [23] standard of 7. These high colour values put
Ohana Lake as a polluted aquatic medium.

[53] observed a total of 13 species of green algae, 14
species of blue-green algae and 24 species of diatoms in
three water supply reservoirs in Tamilnadu.

The mean diversity index for the water flora of Ohana
Lake was 0.969 + 2.55 and 0.778 + 1.23 for zooplankton.
The equitability or evenness index (J) yielded 1.61 and
—3.05, respectively, for phytoplankton and zooplankton.
These low diversity index values indicate generally low
species diversities as well as predominantly unstable
ecosystem.

Fish yields from lakes and reservoirs are known to
have strong correlation with primary production [9,10].
In aquaculture systems algal production, as measured by
primary production, is also a good indicator of fish yields,
although the relationship to fish yield is complicated by
input of feed and other organic matter, such as manure.
These may be ingested directly by the fish or channeled
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along the detritus pathway, thus boosting benthic produc-
tion and indirectly the production of benthos feeding
fishes. These values are far below the optimal levels
0.742 to 1.645 mgO,/L (mean 0.771 £+ 0.509 mgO,/L)
with average energy in joules of 28.108) to 60.788]
(mean 30.886 + 20.05j) as determined in fishponds by
[43] suggesting that Ohana Lake is indeed oligotrophic.

When the light and dark bottles were kept beyond the
photosynthetically active radiation, the initial DO be-
came higher than the final DO and resulted into negative
net primary production. Net photosynthesis decreased
with depth.

A dimension to the problem of europhication is exces-
sive growth of planktonic and attached algae and other
aquatic macrophytes (water weeds), which exerts sig-
nificant deleterious effects on the beneficial use of lakes
[53]. [53] observed the presence of Oscillatoria sp.,
Anabaena sp. and Gomphonema sphaerophorum as the
dominant form and concluded that the system was eu-
trophic. Similarly, the presence of these species including
Microcystis sp and Aphonothece sp. in all the sampling
stations in large amounts, in addition to three species of
Pyrrophyceae, Glenodinium cinctum, Peridinium cinctum
(O.F.M) and Gymnodinium excavatum often indicators of
polluted environment must have contributed to the eu-
trophication of Ohana Lake. Potential and realized water
quality deterioration is associated with excessive growth
of algae and other aquatic plants, and alters the physico-
chemical factors of water [53]. Excessive growth due to
eutrophication is known to release extra cellular products
capable of acting as trihalomethanes (THM) precursors
[54]. Also, Daum (USEPA, 1979-unpublished report, as
cited by [54] reported that Anabaena and Pandorina
morum serve as THM precursors when exposed to
chlorination. [53] found Anabaena sp. as the chief com-
ponent of algal community and frequently recorded algal
blooms. One other factor that must have contributed to
the pollution of the lake must have been the presence of
aquatic weed Lemna minor in large amount around the
Lake’s small outlet. Finally, a look at the benthic com-
munity shows the dominance by the class Nemata. These
nematode worms are often found in eutrophic bottoms.

The presence of diatoms Melosira sp. and Coscino-
discus excentricus are indications of polluted water bod-
ies. Likewise Philodina sp (a Rotifera) is often associated
with polluted waters.

The diversity index for the benthic flora was 0.371 +
0.57 while that of the benthic fauna was 2.23 £+ 2.80. The
equitability or evenness index (J) resulted in —15.50 and
4.18, respectively, for benthic flora and fauna. The very
low floral diversity index value indicates very low spe-
cies diversities as well as predominantly unstable eco-
system while the faunal diversity index indicates slightly
higher species diversity and a mild stable ecosystem.
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The high load of heavy metals in Ohana Lake must
have been due mainly to anthropogenic activities ema-
nating from accumulation of heavy metals from the ex-
plosives used during quarrying activities, sedimentation
of rocks and car wash wherein car paints, oil and grease
and metal were introduced into the system.

5. Conclusions

Residential development of lakeshores is expected to
change a variety of key lake features that included: in-
creased nutrient loading, increased invasion rate of non-
native species, increased exploitation rates of fishes by
anglers, and alteration of littoral habitats. All of these
factors may alter the capacity of lakes to support produc-
tive native fish populations [1]. Ohana Lake being quite
close to residential area witnesses a lot of anthropogenic
activities such as bathing; canoeing and car/motorcycle
wash and consequently are prone to suffer this fate.

Both trace metals from the sediment and fish gills
proved Ohana Lake to be a highly polluted aquatic envi-
ronment. Furthermore, Ohana Lake is fast turning to a
eutrophic ecosystem with accompanied algal bloom due
to very high nutrient contents (NO; etc.). The planktonic
community was dominated by algae, in particular, Mi-
crocystis spp, Oscillatoria sp., Aphanothece spp., Ana-
baena sp., Gomphonema sphaerophorum, Glenodinium
cinctum, Peridinium cinctum (O.F.M) and Gymnodinium
excavatum often known as indicators of aquatic pollution.
The fish species observed during the sampling period were
basically Tilapia galilea and Oreochromis niloticus and
were of small sizes probably due to stress from pollution.
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