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ABSTRACT
Ero Dam has been noticed to exposed to several abuse from human activities and various
preliminary studies implicating the river to be polluted has been established judging from the
water quality data. However, there is need to continuously assess the quality evaluation of the
dam. Therefore, this research is aimed at evaluating the impacts of human activities on some
qualitative attributes of the dam using standard laboratory procedures. The physico-chemical
attributes of the dam water established that most of the parameters were statistically higher
(p<0.05) than the National Environmental Standards and Regulations Enforcement Agency’s
specification for maximum limits allowed for discharge into surface water for all categories of
industries. The concentrations of metals in the whole body mass of the three sampled fish species
(Oreochromis niloticus, Tilapia mosambis and Clarias gariepinus) were higher than their values
in water. The proximate composition of the body muscle of the three fish species analyzed
proofed the fishes to be nutritionally suitable for consumption but the additive effects of the
metals in the water samples should be a point of concern to public health. The three Fish species

studied were heavily parasitized, with high parasitic prevalence and intensity probably as a result

of presence of pollutants in Ero Dam. The polluted water also reduced the parasite species
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diversity in the three fish species studied. Conclusively, indiscriminate abuse of Ero Dam
impaired the quality of water and reduced the diversity and abundance of fishes in the river.
Key words: Nutritional Fitness, Parasitism, Oreochromis niloticus, Tilapia mosambis and
Clarias gariepinus
INTRODUCTION

Relationship between water quality and aquatic productivity is a prerequisite for
obtaining optimum growth and production (Boyd, 2002 and Olajuyigbe and Fasakin, 2010).
Evaluation of the physical and chemical features of an aquatic ecosystem is important for
understanding its biological productivity (Okonko et al., 2008). Such aquatic features that
influences the quality of water includes temperature, pH, total alkalinity, dissolved gases like
Oxygen and Carbon dioxide and dissolved inorganic nutrients like Nitrate and Phosphorus are
considered to be important (Mahar, 2002). In view of solving water related problems, the
government of the Old Ondo State embarked on the construction of a Dam in Ero Ekiti (Adefemi
et al., 2008), now in Ekiti State, Nigeria. Ero Dam in Ikun, Ekiti State Nigeria, is a regional
project created for the purpose of water supply (Anisulowo, 2010) in Ero region.

Parasitic infections in fishes have proof to be indicators of pollution in water bodies
(Madanire-Moyo and Barson, 2010). Domestic sewage, pesticides, polychlorinated biphenyls,
heavy metals, pulp and paper effluents, petroleum aromatic hydrocarbons, acid rain, and others,
are known to pose collective threat to aquatic species (Khan and Thulin, 1991). However,
chronic exposure to pollutants over a period of time causes biochemical, physiological and
behavioral host changes that ultimately influence the prevalence and intensity of parasitism
(Khan and Thulin, 1991). Khan (1991) supported the view that pollution influence parasites of
aquatic animals; he was of the opinion that pollutants might promote increased parasitism by

impairing the host's immune response or favoring survival and reproduction of intermediate
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hosts. Madanire-Moyo and Barson (2010) examined the relationship between parasite species
diversity and organic pollution; the observed results showed that decrease in parasite diversity
can be related to increased organic pollution. Studies on parasite communities can also be
employed to detect a decline in biodiversity which characterizes habitats affected by pollution
(D’ Amelio and Gerasi, 1990). This study sets out to investigate the physic-chemical attributes of
water in Ero Dam, how they affect mineral composition, proximate composition and parasite
distribution in Oreochromis niloticus, Tilapia mosambis and Clarias gariepinus in the Dam.
METHODOLOGY

The Study Site

The Study Area Ero dam is located at Ikun Ekiti in Moba Local Government Area of
Ekiti State. The dam is constructed on Ero River which takes its source from the highland region
of Orin-Ekiti in Ido-Osi Local Government. The tributaries include Afintoto, Ayo, Igo, Igbegbe,
Ipu, Irara, Ilogbe eran and Ofu Rivers (Adedeji, 1993). Geographically, Ero Dam is located on
the intersect of latitude 7° 35'N of the equator and on longitude 5° 31'E of the Greenwich
meridian. The dam site at Ikun Ekiti is bounded in the North by Kwara state, in the West by
Ikosu-Ekiti, in the South by Ijesamodu-Ekiti and in the East by Ilejemeje Local Government
Area. Ikun —EKkiti is a border town between EKkiti state and Kwara state and it is located at about
70km from Ado-Ekiti, the Ekiti State capital. Three sampling sites (A, B and C) were selected in
this study in relation to the fishing activities, agricultural, and domestic effluents that enter the
stream. Therefore, the choice of the afore-mentioned sampling points was based on accessibility,
the rate at which they receive effluents from different sources and their distances from the

residential premises.
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Collection of Samples

Surface water samples were collected from the three sampling points twice monthly,
starting from April 2016 to November 2016. Water were collected in plastic bottles previously
soaked in 3% nitric acid and washed with distilled water (WHO, 2011). Samples for the
determination of dissolved oxygen were collected in dark glass containers and fixed on the spot
with Winkler’s reagent. The water samples for the determination of other parameters were
preserved with HCI and digested using standard laboratory procedure. Digested samples were
then analyzed using Atomic Absorption Spectrophometer with designated model (AAS- Perlin-
Elmer 4100 ZL) because of restriction of the ICP-MS, model (Perkin-Elmer Elan 5000) to detect

nickel).

Fish Sample Collection and Analyses

The three fish samples used were Oreochromis niloticus (18 males, 14 females), Tilapia
mosambis (20 males, 24 females) and Clarias gariepinus 22 males, 19 females. Samples were
collected fortnightly. Fish specimens were captured using traps, gill nets, and cast nets with mesh
sizes ranging from 38.10 mm to 180.00 mm. Collection of fish specimen were done between
06:00 am - 08:00 am. Water from the reservoir was added to the samples at the point of
collection and transported to the laboratory in the Department of Pure and Applied Biology,
Ladoke Akintola University of Technology, Ogbomoso, Nigeria for further investigations. The
collected fish samples were identified immediately after collection. Identification of Cichlids
(Tilapia mosambis and Oreochromis niloticus) were done using the most distinctive
characteristic of the family which is the possession of only a single pair of nostrils as reported by
Adesulu and Sydenham (2007). Oreochromis niloticus was distinguished by the characteristic

alternating dark and light band on the caudal fin (tail). Identification of Clarias gariepinus
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specimens was done using fish identification guide by Teugels (1986); FAO (1992); Skelton

(1993); Olaosebikan and Raji (1998).

Mineral Composition

Accumulation investigation was done after identification; the whole body was oven dried
at 70 — 73°C until a constant weight was obtained. The specimens were then ground to fine
powder and stored in desiccators in order to avoid moisture absorption before digestion. Five
grammes of each of the samples were weighed and transferred into a beaker; then, Sml of
concentrated trioxonitrate (v) acid (HNO3) was added and allowed to evaporate on a hot plate to
the lowest volume possible (15-20ml) before precipitation occurred, another Sml of concentrated
trioxonitrate (v) acid was added to the sample and a gentle refluxing was carried out by covering
the beaker with a watch glass. Heating and addition of concentrated trioxonitrate (v) acid
continued until the sample became light coloured. Furthermore, 2ml of concentrated trioxonitrate
(v) acid were added to dissolve the residue on the wall of the beaker. The beaker walls and watch
glass were thereafter washed down with deionized water. The digested samples were then
filtered and made up to the mark in 100ml volumetric flask, after which they were stored in pre-
weigh sample bottles and placed in refrigerator before analysis of heavy metals.
Proximate Analyses
The fish samples were oven dried at 80°C for three days after which they are homogenized using
blender or mortar and pestle and were analyzed chemically according to the official method of
analysis described by the Association of Official Analytical Chemist (A.O.A.C 1989). All
Analysis was carried out in duplicates.
Examination of Fish specimen for parasites
In specimens of Oreochromis niloticus, and Tilapia mosambis, the sexes were identified by

examining the papillae; there are two orifices (openings) in the papillae of female and one in
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male, Adesulu and Sydenham (2007). Sexes in Clarias. gariepinus specimen were identified
using the description of Akinsanya and Otubanjo (2006), the male possess a distinct sexual
papilla that is conspicuously located behind the anus, the sexual papillae were absent in females.
The sexes were further confirmed after dissection with the presence of testes (in male) and
ovaries (in female).

Euthanasia was carried out by physical method; Cervical dislocation with the two hands,
or cervical transection using a knife inserted caudal to the skull, to sever the spinal cord and
cervical vertebrae followed by pitching. Examination of fish for parasites, handling and
processing were done using standard procedure of Moravec (2004). Cestodes and nematode
parasites recovered were stained using the procedure of Khalil (1991). Fixative used was
formalin acetic acid (FAA). Cestodes were stained using acetocarmine; nematodes were stained
with Horen’s trichome stain; while acanthocephalans were preserved in weak Erlich’s
haematoxylin solution overnight and dehydrated, cleared in methyl-salicylate and mounted
on a slide in Canada balsam. Fish specimens found with parasite were given separate serial
numbers to differentiate them from those without parasites. Identification of parasites from
Clarias gariepinus to species level were undertaken using information provided by Yamaguti
(1963); Kabata (1985); and confirmed with the assistance of Oniye ef al. (2004) and Akinsanya
and Otubanjo (2006), who had earlier confirmed the identity of the parasites through the
assistance of the British Museum, United Kingdom. While those observed from Tilapia
mosambis and Oreochromis niloticus were identified using information provided by Yamaguti
(1963), Juan and Windsor (2006); Edoh et al. (2008).

Results
Water samples from the three sampling location along the course of Ero dam in Ekiti

state Nigeria were analyzed and compared statistically with the World Health Organization
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(WHO) and National Environmental Standards and Regulations Enforcement Agency (NESREA)
for some selected physic-chemical parameters. Also, the mineral elements and the proximate
composition of some selected fish samples were analyzed to ascertain the nutritional qualities of

the sampled fish foods. These results were presented in tables 1, 2 and 3.

Table 1: Physical and Chemical Status of Water Samples from Ero Dam

Parameter Upstream (A) Midstream (B) Downstream(C) WHO
Physical Parameter

Temperature (°C) 28.04+£0.22a 29.63+0.01b 28.31 +£0.13bc Ambient
pH 6.81+ 0.12a 6.43 +0.01b 6.88 £ 0.15ac 6.5-9.5
Colour 1.11+1.29a 1.99+1.084b 2.11+1.39ac 6.5-8.5
Turbidity (NTU) 2.29+0.10c 5.21+0.21a 3.24£0.10a ND
EC (uscm-1) 1.19+£2.10a 4.32+1.33b 3.01+0.01ab ND
Total Hardness 65.00 + 0.01bc 69.22 +£0.11 59.01 +1.36b <200
(mgCaC0s3lI-1)

Total Solids 28.22 £4.00a 152.31+1.22b 139.88 £ 0.71a <1000
(mg02l-1)

BOD (mgO2I-1) 7.47 +2.22bc 10.11+0.11a 8.51+0.33ab <500
DO (mgO2I-1) 2.33+0.10a 4.25 +0.01bc 2.91+0.34b 6.0
Chemical Parameter

Sulphate(mgl-1) 22.31+£0.12c 33.00 £0.02a 28.89 +0.22ab ND
Nitrate (mgl-1) 12.23 +0.00bc 19.68 £0.22a 16.21 + 0.00ab 50
Chloride (mgl-1) 1.89 +£0.00b 127 +1.12a 1.02 £0.11bc ND
Sodium (mgl-1) 2.28 £0.10a 22.92 +£0.92b 8.06 +0.19ab ND
Calcium (mgl-1) 33.21+£0.11 31.00 £0.16a 21.92 £12.02c <200
Heavy Metals

Lead (mgl-1) 0.03+0.01a 0.04+0.01b 0.20+0.11a <0.01
Copper (mgl-1) 0.01+0.11a 1.12 £0.00b 1.09 £0.19b <2.0
Zinc (mgl-1) 1.12 £0.00a 1.85+0.21b 0.96 £2.21b <1.0
Iron (mgl-1) 2.42+0.24a 3.49+0.12b 456 +2.18b ND
Mercury (mgl-1) 0.01+£0.00a 0.02 +0.00ab 0.02+0.11b ND
Manganese (mgl-1) 0.29+ 0.00a 1.33+0.33ab 2.74+0.27b <2.0
Magnesium (mgl-1) 8.65t1.51a 9.28 +2.12ab 6.22+0.29b ND

*Mean of parameter in the same row having different superscripts is significantly different (p < 0.05)

Duncan Multiple Range Test
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Table 2: Minerals Composition of Sampled Fish Species in Ero Dam

Parameter  Oreochromis niloticus  Tilapia mosambicus Clarias gariepinus
Lead (mgl™) 1.01 £0.012 1.97 £ 0.01* 1.56 £0.11°
Copper (mgl™) 2.01£0.212 2.87+0.52° 1.78 £ 0.09 2
Zinc (mgl™) 2.33+£0.122 4.54 +3,02% 4.01 £ 0.00°
Iron (mgl) 3.39 £ 1.41% 6.01 £0.00° 5.96 +3.06°
Mercury (mgl™!) 0.21 +£0.112 0.92 +£0.10* 0.45+0.12°
Manganese (mgl')  0.92+0.112 3.01 +1.28® 1.99 £ 2.19%
Magnesium (mgl!)  12.04 £ 6.28%* 15.01 £ 8.00? 14.22 + 6.88%

*Mean of parameter in the same row having different superscripts is significantly different (p < 0.05)
Duncan Multiple Range Test

Table 3: Proximate Composition of Sampled Fish Secies in Ero Dam

Parameter Oreochromis niloticus Tilapia mosambis  Clarias gariepinus
Moisture Content 82.01 £ 1.19? 78.88 £ 0.232 92.03 £ 1.09®
Ash Content 924+ 1.13° 7.22 £ 1.21° 11.03 + 2.16%
Total Protein 5521+ 3.01? 5245+ 0.01° 71.06 £ 0.33°
Fat Content 7.30 £ 2.032 6.33 £ 1.99° 1391 + 1.12°
Fibre Content 13.13+ 1.41°? 1529 + 1.27? 2465 £ 1.112
Carbohydrate 17.79 + 1.16° 1543 + 1.23% 11.96 + 1.25°

*Mean of parameter in the same row having different superscripts is significantly different (p < 0.05)
Duncan Multiple Range Test

Parasite species retrieved. The gastro - intestinal helminth parasites recovered from
Clarias gariepinus were two Nematodes; Procamallanus laevionchus (Wedl, 1862),
Paracamallanus cyathopharynx (Baylis, 1923) and two Cestodes; Monobothrium sp.
Polyonchobothrium clariae; In Oreochromis niloticus, only one species of Acanthocephalan
Acanthocentius tilapiae was found while in Tilapia mosambis two Nematodes; Procamallanus

laevionchus (Wedl, 1862) and Paracamallanus cyathopharynx (Baylis, 1923) were retrieved.
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Table 4 Prevalence and Intensity of Parasites in the Intestines of Oreochromis niloticus,

Tilapia mosambis and Clarias gariepinus.

Fish species  Oreochromis niloticus Tilapia mosambis Clarias gariepinus
Sex Male (18) Female (14) Male (20)  Female (24) Male (22) Female (19)
Number
infested 10 09 09 13 16 17
Prevalence
(%) 55.56 64.29 45.0 54.17 72.73 89.47
Intensities 0-11 0-19 0-8 0-14 0-33 0-41
General
Prevalence
(%) 59.34 50.00 80.49

DISCUSSION

The average temperature values for all the three sampling sites were <40 °C depicting

temperature range that is supportive of good surface water quality (NIS, 2007; WHO, 2011).

Generally, the variation in water temperature obtained in this work is a direct reflection of low

depth of the water bodies and the irregular slow movement which does not ensure a complete

mixing of the entire water body. This observation agreed with the submissions of Ajao, (1990)

and Oyewo, (1998) on the temperature profile of Lagos Lagoon. This is also in line with the

temperature range of 24.5 °C to 31.5 °C reported by Adewoye, (2007) from Asa River, in Ilorin

Kwara State, Nigeria. There were significant differences between the temperature values

obtained for the three sampling sites and between Raining and Dry seasons of the year.
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The pH values recorded in this work (6.81 £0.12, 6.43 £ 0.01 and 6.88 £ 0.15) for sites A,
B and C respectively are indicative of good water quality which were within acceptable limits
(NIS, 2007; WHO, 2011). The high values of pH recorded at sampling sites A and C could have
been due to the influx of industrial effluent and the synergistic effects of these effluents on the
water bodies. The influx of effluent in alkaline form into water could affect the pH. The
fluctuations observed in the surface pH indicated the buffering capacity of total alkalinity, high
water volume, and greater water retention. Good buffering capacity of total alkalinity may have
been the reason why pH was in neutral or moderate alkaline medium during the rainy season and
for most part of this study. Using the pH as a water quality index, Ero Dam has good water
quality like most natural waters (Tepe et al., 2005). Such pH values will also allow the survival
of aquatic organisms and its use as drinking water.

By physical examination, the samples analyzed were noted to be slightly turbid. The
results obtained were in the order of 5.21 = 0.21 NTU> 3.24 + 0.10 NTU > 2.29 + 0.10 NTU
(Sites B>C>A) and this may be due to the type of activities that exist at each sample site of the
dam. The highest value recorded by sampling site B may be linked to heavy anthropological
activities. The land use within these steep areas is dominated by intensive small scale farming,
where majorly food crops and vegetables are grown. The same area occurs in the flood plains
with very high human and livestock population density coupled with heavy effluent discharges at
sampling site B which flows down to Site C.

Conductivity is a numerical expression of the ability of water to carry on electric current,
which in ionic strength as conductivity is a measure of total ions. The ionic strength of a sample
depends on the ionization of solutes and other substances dissolved in it. The electrical
conductivity of the three sampling sites in this work was found to be statistically high at the point

of discharge (Site B) to downstream (Site C) compared to upstream (Site A). Sampling site A

100



Journal of Survey in Fisheries Sciences 11(2)91- 120 2024

which is less impacted sub-catchments had lower concentrations as compared to stations located
in areas with high anthropological activities like agricultural practices and industrial activities
(Sites B and C). Low electrical conductivity experienced at site A might be responsible for soft
nature of the water; while high conductivity may be due to high aggregation of total solids
recorded in Sites B and C. This observation conformed to the report of Mustapha (2008),
Adewoye, (2007) and Ogundiran and Fawole, (2014), on Oyun River and Asa Rivers
respectively. This range support aquatic fauna and is ideal for drinking water supply (APHA,
1995). The influx of industrial, domestic and agricultural discharges into sites B and C may be
traced to high total hardness recorded in these two sites. High level of conductivity reflects the
pollution status as well as trophic levels of the aquatic body (Anitha, 2002).

The high value of total solids recorded in sampling sites (65.00 = 0.01, 69.22 + 0.11 and
59.01 £ 1.36 for A, B and C) may be attributed to low volume of water experienced at these
sample sites while the dilutions of ionic substances as a result of large volume of water in the
area could be the main reasons for lower level of total solids encountered in the rainy season.
Also, high value of total solids observed in sites B and C could also be as a result of influx of
effluents from industrial and agricultural premises, thereby bringing about increase in the level of
conducting ions, electrical conductivity and turbidity of the affected water bodies. It could also
be due to siltation, deterioration and heavy precipitation. These observations’ agreed with the
findings of Rabaru and Okeyo —Owuor, (2002) on River Nyando, Lake Victoria Basin in Kenya,
and Ayoola and Kuton, (2009) on Lagos Lagoon in Nigeria. The high BOD recorded in sites B
and C could be due to accumulation patterns of organic materials due to continuous influx of
wastes into the water body which may eventually results in reduction of oxygen content; and
when organic matter is abnormally high in an aquatic phase, the biological oxygen demand level

increases and this may eventually disrupt the behavioral responses of the organisms and reduces
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the fitness of a natural population of fish, this observation conformed with the reports of
Adewoye et al., (2005), Ayoola and Kuton, (2009) and Ogundiran and Fawole (2014).

The dissolved oxygen (DO) observed in this study was found to be lower than the 6.0
recommended level by NESREA, 2007; NIS, 2007. Olaniran (1991) reported that the desired
range for the culture of warm water fish is 5 mgl!' and above but not more than 12mgl™'. Lower
value of DO obtained in this work, may be due to low level of dilution rate and water volume
with little self-purification process of the pollutants. The DO level obtained for sites B and C fell
below the 10 mgl!' recommended for unpolluted waters (WHO, 1988), but far greater than 6.0
recommended value documented by NIS, 2007 and WHO, 2011. The continuous influx of wastes
discharge into the water might likely support the growth of aquatic weeds and formation of
flocks on the surface of the water, hence a reduction in the dissolution of oxygen into water.
Morrison et al., (2001) however stressed that the depletion of dissolved oxygen in a water body
could be due to common practice of dumping of wastes into such water body.

This investigations revealed that the concentrations of Pb, Cu, Zn, Fe, Cd, Hg, Mn and
Mg which were high in sampling site B followed by sites C and generally found in the order of
B > C > A. The values obtained in Table 1 for surface water heavy metal concentrations could be
adduced to anthropogenic activities going on around the sampling site, because of their exposure
to domestic, agricultural and industrial influences. This is similar to the report of Adeniyi ef al.,
(2007) based on their research at Agboyi crack segment near the Lagoon and Ogundiran and
Fawole, (2014) findings on Asa River. All the heavy metals concentrations obtained in this work
were found to be higher than those reported previously by Eleta et al., (2003); Eletta and
Adekola, (2005); Adewoye, (2008) and were also found to exceeds NESTREA, (2011)

specification.
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Notable mineral elements were found to be accumulated in the whole body of selected
fish species sampled from the dam; the sampled species were Oreochromis niloticus,  Tilapia
mosambis and Clarias gariepinus. All fish species analyzed accumulated metals at varied level.
Some micro nutrients and heavy metals such as zinc, iron, copper, cobalt and nickel are essential
for growth and well-being of living organisms including man (Buss and Robertson, 1976; Mertz,
1981; Oshodi and Ipinmoroti, 1990; Fagbemi and Oshodi, 1991).  In summary, it is therefore
suggested that a general bi-monitoring programme be established which should include
hydrological and geo-morphological features, the chemical and physical water quality as well as
these factors are likely to affect the aquatic system. Furthermore, to avoid harmful accumulation
of these metals in the human system, the gills, rivers and probably the skin of fishes should
preferably be discarded while processing fish for consumption. Removal of these organs will be
a judicious step as this would drastically reduce the metal intake by human. Tissue biochemical
changes can be used as indicators of fish physiological stress and health. The homogenates of the
muscles were analyzed for various biochemical parameters like total protein, total glucose, total
cholesterol, total lipids, crude fibre, ash content, moisture content and dry matter. Most of these
parameters showed significant variation in the muscles of the sampled species.

The intensities of parasites recovered from C. gariepinus and O. niloticus were very high
compared to reports from other Dams (Ajala and Fawole, 2015; 2019) and this may be due to
poor quality of water in the Dam as a result of uncontrolled abuse of the dam by the populace in
the area as reported by Khan (1991) which might promote increased parasitism by impairing the
host's immune response or favoring survival and reproduction of intermediate hosts. Parasite
infection would be higher in pollution-exposed than in control fish and fish with lower immune
and health-state parameters would show higher parasitism than fish in better condition. The high

parasitic load recorded in C. gariepinus probably may be owing to its feeding habit, which was
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reported to be primarily carnivorous feeding on aquatic mollusks, crustaceans and insects which
serves as intermediate hosts to the parasites (Ajala and Fawole, 2016). The study also showed
lower parasite species diversity in the three fish species which may be due to the toxicity to free-
living stages, intermediate hosts or alteration of the host's physiology (Khan, 1991).
Madanire-Moyo and Barson (2010) also suggested that the decrease in parasite diversity
can be related to increased organic pollution in an aquatic ecosystem. D’Amelio and Gerasi
(1997) reported that true species richness has been shown to decline in parasite communities of
mugilids collected in polluted areas. The presence of the parasites could also be an advantage in
that parasites act as sinks for pollutants within their hosts: Some parasites are able to reduce
pollutant levels in the tissues of their host (Sures, 2007). The presence of pollutants in the water
in Ero Dam is responsible for the high parasitic prevalence, intensity and low parasitic species
diversity recorded in the three fish species.
Conclusions
Generally all the measured parameters still remained higher even in the downstream part of the
river water showing sub-lethal concentrations of contaminants in the water. The volume of these
discharges into the analyzed dam was already overtaxing their capacity for self-purification and
the prevailing practice of unregulated and uncontrolled discharge of such wastes into water
bodies constitutes serious abuse and portends serious danger to the resident species and
beneficial use to the municipality. It could be seen in this study that the Ero Dam water was
grossly polluted and the level of pollution decreased downstream and it was much higher.
Therefore, the data generated in this study, confirmed the presence of sub-lethal concentration of
pollutants in Ero Dam and that the fish population are surviving under severe stress, which is
apparent from the heavy metal load in the body of resident fish species. Drinking of water and

consumption of fishes from these polluted waters could be detrimental to health of humans in
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terms of bio-concentration which could make the body to be vulnerable to disease outbreak and
breakdown of immune system in man.
It is therefore recommended that;
v" Abuse use of the river should be discouraged by strict vigilance of the appropriate
Government tiers
v' Existing environmental laws should be duly enforced regarding environmental health
v" A good bio-monitoring program is needed to be established where the hydro-logical and
geo-morphological characteristics, the chemical and physical water quality and the river
vegetation are taken into consideration as these all affects the aquatic system.
v' lllegal and indiscriminate fishing activities by local fish farmers which is capable of
exposing the river to pollutants should be discouraged.
v" The use of brutal means of harvesting fish like electric currents, poisonous plants,

dynamites and addition of chemicals, as practised in the area must be stopped.

REFRENCES

Abdullahi, M. B. and D. B. Ibrahim, (2008): Local people’s knowledge and attitudes towards
Maladumba Lake and Forest Reserve, Misau, Bauchi State Nigeria. /nt. J. Environ. Sci.,
42:36-44.

Abdullahi, S. A. (2001): Investigation of Nutritional status of Chrysichthys nigrodigitiatus,
Barus filamentous and Auchenoglanis occidentals: Family Barigdae. Journal of Arid
Zone Fisheries 1:39-50.

Abowei, J. F. N, Davis, O. A. and Eli, A .A. (2009): Study of the Length-Weight Relationship
and Condition Factor of Five Fish Species from Nkoro River, Niger Delta, Nigeria. J.
of Bio Sci 1(3): 94-98.

Adedeji, O. J (1993): The Socio-Economic characteristics of River-dam Development on non

metropolitan Communities. a case study of Ero Dam at Ikun Ekiti. (BSc. Thesis)
University of Ado-Ekiti,Ekiti State

105



Quality Assessment Of Water, Nutritional Fitness And Parasitiic Status Of Three Selected Fish Species In Ero Dam,
Nigeria

Adefemi S.0., Asaolu S. S and Olaofe O., (2008): Major Elements in Fish (lllisafricana),
Sediments and Water from Selected Dams in Ekiti State. Research Journal of
Environmental Sciences, 2: 63-67.

Adeniyi, A. A. and Yusuf, K.A. (2007): Determination of heavy metals in fish tissues, water and
bottom sediments from Epe and Badagry Lagoons, Lagos, Nigeria. Environ. Monitor.
Assess., 37: 451-458.

Adesulu, E. A and Sydenham, D. H. J. (2007). The freshwater fishes and fisheries of Nigeria.
Macmillan Nigeria Publishers Limited. 397p.

Adewoye, S. O. (2007). Effects of Detergent Effluents on Asa River and its Toxicity on
Juvenile of Clarias Gariepinus. Ph.D Thesis. University of Ilorin, Nigeria.
274pp.

Adewoye, S. O. and Lateef, A. (2004): Assessment of the microbiological quality of Clarias
gariepinus exposed to an industrial effluent in Nigeria. The Environmentalist. 24:
249-254.

Adewoye, S. O. and Omotosho, J. S. (1997): Nutrient Composition of some freshwater Fishes in
Nigeria. Biosci. Res. Commun.11 (4)333-336.

Adewoye, S. O., Fawole, O. O., Owolabi, O. D. and Omotosho J. S. (2005): Toxicity of cassava
wastewater effluent to African catfish: Clarias gariepinus. Ethiop. J. Sci, 28(2) pp. 189-
194.

Adeyemi, S.O., Adikwu, [.A., Akombu, P.M. and Iyela, J.T. (2009): Survey of Zooplanktons
and Macroinvertebrates of Gbedikere Lake, Bassa, Kogi State, Nigeria. Int. J. Lakes
and Rivers, 1: 55-62.

Ajala, O. O. and Fawole, O. O. (2015). Diets and Enteroparasitic Infestation of Oreochromis
niloticus (Linné, 1757) (Cichlidae) in Oba Reservoir Ogbomoso, Nigeria. Elixir Appl.
Zoology; 83; 32983-32988.

Ajala, O. O. and Fawole, O. O. (2016) A study of diets and enteroparasitic infestation of Clarias
gariepinus (Burchell, 1822) in Oba Reservoir. IMPACT: Journal of Research in Applied,
Natural And Social Sciences. 2, Issue 2, 27-38.

Ajala, O. O. and Fawole, O. O. (2019). Morphometric Indices and Enteroparasitic Infestation of
Clarias gariepinus (Burchell, 1822) in a Tropical Reservoir. Agricultural Sciences 10

(10); 1-12. DOI: 10.4236/as.2019.1010095

Ajayi AO, Akonai KA (2003) Antibiotic profile of microorganisms encountered in Lagos.
Nigerian Journal of  Science 12, 29-35

106



Journal of Survey in Fisheries Sciences 11(2)91- 120 2024

Ajayi, S. O. and Mombeshora, C. (1990). Sedimentary trace metals in lakes in Ibadan, Nigeria.
Science of Total Environment, 87/88: 178.

Akinsanya, B., Otubanjo O. A., and Hassan A. A, (2007), Helminth Parasites of Malapteruru

electricus (Malapteruridae) from Lekki Lagoon, Lagos.Nigeria Journal of Science, 3

(3):78- 86.

Alabaster JS, Lloyd R (1980) Water Quality for fresh fish. 1st Edition, Butterworth,
London

Anderson, R. O. and Neumann, R. M. (1996): Length, weight, and associated structural indices.
Pages 447482 in B. R.

Anisulowo T. (2010): Ekiti dam to be upgraded to tourist centre: The Nation. Retrieved
November 15, 2012,

Anitha G. (2002): Hydrography in relation to benthic macro invertebrates in Mir Alam Lake
Hyderabad, A.P. Indian Ph.D. Thesis submitted to Osmania University, Hyderabad.

Annune, P. A. and Iyaniwura, T. T. (1993): Accumulation of two traces metals in tissues of
freshwater fishes. Clarias gariepinus Burch and Oreochromis niloticus (Trewavas). J.
aquat. Fd Prod. Technol., 2:5-18.

Annune., P. A. (1992). Effects of cadmium and zinc on freshwater fish species. Clarias
gariepinus Burch and Oreochromis niloticus (Trewavas). Ph.D thesis. Ahmadu Bello
University. Zaria, Nigeria.

Anonymous (2005) Performance standards for antimicrobial susceptibility testing; fifteenth
nformational supplement, Clinical and Laboratory Standard Institute Wayne, Pa. M100-
S15

Anton, A., Serranno, T., Angulo, E., Ferrero, G. and Rallo, A. (2000): The use of two species
of crayfish as environmental quality sentinels: the relationship between heavy metal
content, cell and tissue biomarkers and physic-chemical characteristics of the
environment. Sci Total Environ., 20: 239-251

AOAC (2005). Official method of analysis Association Chemist. Wash. Dc, 15th ed. 11-14.

APHA (1985). Standard methods for examination of water and wastewater, 16th ed. Amelio,
S. and Gerasi,_L. (1990). Evaluation of environmental deterioration by analysing fish
parasite biodiversity and community structure. Parassitologia; 39(3):237-41.

American Public Health Association, New York. 119: 25-40.

107


https://pubmed.ncbi.nlm.nih.gov/?term=D%27Amelio+S&cauthor_id=9802073
https://pubmed.ncbi.nlm.nih.gov/?term=Gerasi+L&cauthor_id=9802073

Quality Assessment Of Water, Nutritional Fitness And Parasitiic Status Of Three Selected Fish Species In Ero Dam,
Nigeria

Armengol, J., Garcia, J. C., Comerme, M., Romero, M., Dolz, J., Roura, M., Han, B. H., Vidal,
A. and Simek, K. (1999): Longitudinal processes in Canyon type Reservoirs: The case
of Sau (N.E. Spain). In: J.G. Tundisi and M. Straskraba (Eds.), Theoretical Reservoir
Ecology and its Applications. IIE, Backhuys Publishers, Brazilian Academy of
Science: 313-345.

Asaolu SS, Olaofe O (2004). Biomagnification factors of some heavy and essential metals in
sediments, fish and crayfish from Ondo State Coastal region. Bio. Sci. Res. Commu. 16:
33-39.

Atlas, R. M. (1991): Environmental Applications of the Polymerase Chain Reaction. ASM
News 57:632.

Ayoola, S. O. and Kuton, M. P. (2009): Seasonal variation in fish abundance and physico-

chemical parameters of Lagos lagoon, Nigeria. African Journal of Environmental
Science & Technology. Vol. 3(5). Pp 149-156.

108



Journal of Survey in Fisheries Sciences 11(2)91- 120 2024

Banwo K (2006) Nutrient Load and Pollution study of some selected stations along
Ogunpa River In Ibadan, Nigeria. MSc Dissertation, University of Ibadan, Nigeria

Bartram J (2003) Heterotrophic plate counts and drinking-water safety: T he significance
of HPCs for water quality and human health. WHO Emerging Issues in Water and
Infectious Disease Series. London, IWA Publishing..

Baxter-Porter W, Gilland M (1988) Bacterial Pollution of Run-Off from Agricultural lands.
Journal of Environmental Quality 17, 27-34

Bhatt SD, Pathak JK (2002). Himalayan Environment: Water quality of drainage basins. Shree
Almora Book Depot, Almora. pp. 318.

Borchardt M. A, Stemper M. E, Standridge J. H., (2003) Aeromonas isolates from human
diarrheic stool and  groundwater compared by pulsed-field gel electrophoresis.
Emerging Infectious Diseases, 9:224-228

Boyd CE (2002). Water quality management for pond fish culture. Elsevier Science
Publishing ~ Company, New York.

Boyd CE, Pillai VK (2002). Water quality management in aquaculture. CMFRI, Spl. Pub.
22:1- 96.

Buckley, J. T., Roch, M., Mccarter, J. A., Rendell, C. A. and Matheson A. T. (1982): Chronic
exposure of Coho to sublethal concentration of copper-1. Effect on growth , on

accumulation and distribution of copper, and on copper tolerance. Comp. Biochem,
Physiol., 72C: 15-19.

Buhler, D. R., Stokes, R. M. and Caldwell, R. S. (1997): Tissue accumulation and enzymatic
effects of hexavalent chromium in rainbow trout (Salmo gairdneri). J. Fish, Res, Bd,
Canada, 34: 918-924

Bukar., A. A. (1993): Aquatic ecosystems in Nigeria. Proceedings of the national conference
on conservation and aquatic resources. Organized by National Advisory Committee
on conservation of Renewable Resources. In cooperation with the Federal Department
of fisheries, Abauja and Nigeria Institute for Ocenography and Marine Research, Lagos.
Pp 29-34.

Burger, J., Gaines, K. F., Boring, C. S., Stephens, W. L., Snodgrass, J and Gochfeld, M. (2001):
Mercury and selenium in fish from the Savannah river: species, trophic level and
lavational differences. Environ. Res., 87: 108-118.

Camargo, M. M. P. and Martinez, C. B. R. (2007): Histopathology of gills, kidney and liver of a
Neotropical fish caged in the gills of lophiosilurus alexandri exposure and blood
parameter responses in the tropical fish Prochilodus scrofa. Ecotoxicology and
Environmental safety. Vol. 52, p. 83-91.

109



Quality Assessment Of Water, Nutritional Fitness And Parasitiic Status Of Three Selected Fish Species In Ero Dam,
Nigeria

Campanella, L., Mauro, M., Roberts, M. and Anna, M. P. (1987): Differentiation of total
chromium in classes of specie in natural waters, Ann, Chim., 77: 637-642.

Canli, M. and Furness, R.W. (1993a): Heavy metals in tissues of the Norway lobster Nephrops
norvegicus: effects of sex, size and season, Chem. Ecol., 8: 19-32.

Canli, M. and Furness, R.W. (1993b): Toxicity heavy metals dissolved in seawater and
influences of sex and size on metal accumulation and tissue distribution in the Norway
lobster, Nephrops nornegicus. Mar.eviron. Res., 36: 217-236.

Canli, T., Haas, B., Amin, Z., and Constable, R. T. (2003): An fMRI study of personality traits
during performance of the emotional Stroop task. Society for Neuroscience Abstracts, 33,
725-727

Cantarow, A. and Trumper, M. (1944): Lead poisoinig. Williams and Wilkins, Baltimore.

Cardoso, E. L., Chiarini- Garcia, H., Ferreira, R. M. A. and Poli, C. R. (1996): Morphological
changes in the gills of Lophiosilurus alexandri exposed to un-ionized ammonia. Journal
of Fish Biology, vol. 49, p. 778-787.

Carignan, R., D’Arcy, P. and Lamonangne, S. (2000): Comparative impacts of fire and forest
harvesting on water quality in Boreal Shield lakes. Canadian Journal of Fish and Aquatic
Sciences, 57(2): 105-117.

Carlson, C. L., and Adriano, D. C. (1993): Environmental impact of coal combustion residues. J.
environ. Qual., 22: 227-247.

Carpene, E., Cattani, O., Serrazanetti, G. P., Fedrizzi. G. and Cortesi, P. (1990): Zinc and copper
with fibns from natural waters and rearing ponds in Northern Italy. J. Fish Biol., 37:293-
299.

Dee AK (1989). Environmental chemistry. Second ed. pp. 164-272.
Deuzuane J (1979). Handbook of drinking water quality. Indiana Univ. Press pp. 3-17.

Edema MO, Omemu AM, Fapetu OM (2001) Microbiology and Physico-Chemical Analysis of
different sources of drinking sources of drinking water in Abeokuta, Nigeria. Nigerian
Journal of Microbiology 15, 57-61

Edoh, D. A., Ewool, J., Owusu, E. O. and Davies, H. (2008) Scanning electron microscopy of
Neoechinorhynchus sp. and Echinorhynchus sp. (Acanthocephala: Neoechinorhynchidae
and Echinorhynchidae), in the black chinned tilapia, Sarotherodon melanotheron (Rupell,
1852) from cultured and open lagoon in Ghana. African Journal of Science and
Technology, Science and Engineering, 9(2): 90-95.

Egila JN, Nimyel DN (2002). Determination of trace metal speciation in sediments from some
Dams in Plateau State. J. Chem. Soc. Nig. 27: 21-75.

110



Journal of Survey in Fisheries Sciences 11(2)91- 120 2024

Ekholm, P., Malve, O. and Kirkkala, T. (1997): Internal and external loading as regulators of
nutrient concentrations in agriculturally loaded Lake Pyhajarvi (Southwest Finland).
Hydrobiologia, 345(1): 3-14.

Elleta, O. A. A. and Adekola, F. A. (2005): studies of the physical and chemical properties of
Asa river water, Kwara State, Nigeria. Science Focus 10(1) pp 72-76.

Elleta, O. A. A., Adekola, F. A. and Omotosho, J. S. (2003): Determination of concentration of
heavy metals in two common fish species from Asa river, Ilorin, Nigeria. Toxicol. And
environ. Chem.85 (1-3) pp 7-12.

Eniola K. I. T. (2001): Distribution of some aquatic phycomycetes in fresh water bodies polluted
with detergent effluents. Bioscience Research Communications 13(6): 751-757 pp.

Eniola K. I. T. and Olayemi, A. B. (1999): Impact of effluent from detergent producing plant on
some water body in Ibadan, Nigeria. Int. Jour of Env. Health research, 9:335-340.

Eniola, K. I. T. and Olayemi, A. B. (2002): Some aspects of Bacterial-Detergent Interaction in
Freshwater environment. Bioscience Reearch Communication. 14. 6. 645- 649

Eyo, J. E. and Mgbenka, B. O. (1992): Aspects of the Biology of Clarias gariepinus in Anambra
River basin I. Oocyte diameter, Fecundity and Sex Ratio. Journal of Agriculture Science
and Technology 2(1): 47-51.

Ezenwaji, H. M. G. (1998): The breeding biology of Clarias albopunctatus Nicholas and La
Monte, 1953 in semi intensively managed ponds in the flood plain of the River
Anambra, Nigeria. Ecology of Freshwater Fish, 1: 101 - 107.

Fagade, S. O. (1978): Age determination in Tilapia guineensis (Dumeril) from the Lekki lagoon,
Lagos State, Nigeria, Nig. J. Sc. 12: 73-87.

Fagbemi, I. N. and Oshodi. A. A.( 1991): Chemical composition and functional properties of full
fat fluted pumpkin seed flower (Telfaira occidentalis).J. Nig. Fd, 9: 26-32.

Fakayode, S. O. and Onianwa, P. (2002): Heavy metal contamination of Soil, and
Biaccumulation in Guniea Grass (Panicum Maximum) around Ikeja Industrial Estate,
Lagos, Nigeria. Journal of Environmental Geology 43(2): 145-150.

Fakayode, S.O. (2005). Impact assessment of industrialeffluent on water quality of the receiving Alarostream in
Ibadan, Nigeria. J. Ajeam-Ragee, 10: 1-13.

Fanta, E., Rios, F., Romao, S., Vianna, A. and Frieberger, S. (2003): Histopathology of the fish

Corydoras paleatus contaminated with sublethal levels of organophosphorus in water and
food. Ecoloxicol environ. Safe. 54: 119-130.

111



Quality Assessment Of Water, Nutritional Fitness And Parasitiic Status Of Three Selected Fish Species In Ero Dam,
Nigeria

Fapetu OM (2000) Comparative Analysis of different sources of drinking water in Abeokuta
South LGA, Ogun State, BS.c thesis, University of Agriculture, Abeokuta

Fawole, O. O and Arawomo, G. A. O. (1999): Fecundity of Sarotherodon galilaeus
(Pisces: Cichlidae) in the Opa reservoir, lle-Ife, Nigeria Rev. biol. trop vol.48 no.l San
José mar.

Fawole, O. O. (1998): Studies on Relative Abundance and mode of Distribution of Fish Species
in Opa Reserviour, Ile Ife, Nigeria. Journal ofApplied Sciences, Vol. 1, pp 45 - 56

Fawole, O. O. and Adewoye, (1998): The Length-Weight Relationship, Condition Factor and
Fecundity of the Cichlid, Tilapia zilli (Gervals) in Oba Reservoir, Ogbomoso, Nigeria.
Bioscience Research Communication Vol. 10. No 2.

Fawole, O. O. and Adewoye, S. O. (1999): The Length-Weight Relationship, Condition Factor
and Fecundity of the Sarotherodon galilaeus (Artedi) in Oba Reservoir, Ogbomoso,
Nigeria. Bioscience Research Communication Vol. 11. No 2.

Fawole, O. O. and Adewoye, S. O. (2004): Aspects of the Biology of Clarias gariepinus
(BURCHELL, 1822) in Oba reservoir, Ogbomoso, Nigeria. Science Focus 8: 105 —
109.

Fawole, O. O. and Arawomo, G. A. O. (1998): Some Aspect of the Reproductive Biology of
Sarotherodon galilaeus (Artedi) in the Opa Reservoir. Journal of Science Research.
Vol. 4(1) pp 107 - 111.

Fawole, O. O. and Arawomo, G.A.O. (2000): Fecundity of Sarotherodon galilaeus Pisces:
Cichlidae) in the Opa reservoir, Ile-Ife, Nigeria. Rev. Biol. Trop., 48: 201-204.

Fawole, O. O., lateef, A. and Amaefuna, M. (2002): Microbiological examination of drinking
water in Ogbomosho metropolis, Southwest, Nigeria. Science Focus 1, 16-20.

Fawole, O. O., Ogundiran, M. A., Ayandiran, T. A. and Olagunju, O. F. (2007): Proximate and
mineral composition in some selected fresh water fishes in Nigeria. Internet J. Food Saf.,
9: 52-55.

Food and Agriculture Organization, (1992). Field guide to the freshwater fishes of Tanzania.

Food and Agricultural Organization, Rome, 145.

Gbadegesin N., Olorunfemi F. (2007): Assessment of Rural Water Supply Management in
elected Rural Areas of Oyo State, Nigeria. ATPS Working Paper Series No. 49  Pp23
ISBN: 9966-916-12-1.

GEL Consultants (2011): “Water Supply and storage” Retrieved from
http://www.geiconsultants.com/services-water-resources-water-supply

112



Journal of Survey in Fisheries Sciences 11(2)91- 120 2024

George MG (1961). Observations on the rotifers from shallow ponds in Delhi. Curr. Sci. 30:
268-269pp.

Giesy, J. P., Jr. and Wiener, J. G. (1977): Frequency distribution of trace metal concentrations in
five freshwater fishes. Trans. Amer. Fish. Soc., 106(4): 393-403.

Golterman, H. L. and Kouwe, F. A. (1980): Chemical budgets and nutrients pathways. In: E.D
Lecren, and R.H. Lowe McConnel (Eds.), the functioning of ecosystems. Internet.
Biol. Programme 22. Cambridge Univ. Press, London: 85-140.

Harry W. S. [1980]. Microbes in action, Laboratory manual , pp. 65
http://www.una.edu/geography/statedepted/themes.html June 16, 2010

Ipinmoroti K, Oshodi O (1993). Determination of Trace Metals in fish, associated
Wanted and Soil Sediments fresh fish ponds. Discovery innovates 5:138.

Jegede K. (2011): as quoted by Sulaiman (2011) in “Ekiti spends N1b on water supply” The
Nation News Paper November 15 2011

Jones H. A., and Hockey R, D., [1964] The Geology of part of S. W. Nigeria Geological Surv.
Bulletin 31, 87p

Joshi BD, Pathak JK, Singh YN, Bisht RCS, Joshi PC (1993). On the physico-chemical
characteristics of river Bhagirathi in the uplands of Garhwal Himalaya. Himalayan
J. Env. Zoo. 7(1): 64 — 75pp.

Juan J. A. and Windsor, E. A. (2006). Scanning electron microscopy of Neoechinorhynchus
sp.(Acanthocephala: Neoechinorhynchidae), a possible new species of intestinal parasite
of the tail fin croaker Micropogonias altipinnis (Gunther, 1864). Parasitol.Latinoam., 60:
48-53.

Kabata, Z. (1985). Parasites and Diseases of Fish Culture in the Tropics. Taylor Francis
Pub,London., pp: 107.

Kathleen, P .T [2005] Foundation of microbiology ,5th edition.

Khalil, L. F. (1991). Techniques for identification and investigative helminthology.
Helminthology manual. International Institute of Parasitology, St. Albans, UK.,
pp:156.

Khan, R. A (1991). Influence of pollution on parasites of aquatic animals. Ann Parasitol
Hum Comp; 66 Suppl 1:49-51. PMID: 1805675.

Khan, R. A and Thulin, J. (1991). Influence of pollution on parasites of aquatic animals.
Influence of pollution on parasites of aquatic animals Adv Parasitol; 30: 201-38.doi:
10.1016/s0065-308x(08)60309-7.

113



Quality Assessment Of Water, Nutritional Fitness And Parasitiic Status Of Three Selected Fish Species In Ero Dam,
Nigeria

Komolafe, O. O. and Arawomo, G. A. O. (2007): Reproductive strategy of Oreochromis
niloticus (Pisces: Cichlidae) in Opa reservoir, Ile-Ife, Nigeria. Rev Biol Trop. 2007
June; 55(2):595-602.

Kotze, P. F. (1997): Aspects of water quality, metal contamination of sediment and fish in the
Olifants River. Mpumalanga. M.Sc. thesis, Rand African University, South Africa.

Kraus, G., Tomkiewicz, J. and Koster, F. W. (2002): Egg production of Baltic cod (Gadus
morhua) in relation to variable sex ratio, maturity, and fecundity. Can. J. Fish. Aquat.
Sci. 59(12), 1908-1920.

Kumar, A. and Mathur, R. P. (1991): Bioaccumulation kinetics and organ distribution of lead
ina  fresh water teleost. Colisa foxicatus morhua) in relation to variable sex ratio,
maturity, and fecundity. Canadian Journal of Environ. Technol., 12:731-735.

Laghari, A. Chando, S. N. Khuhawar, M.Y and Laghari, S. M., (2000): Chemical investigation
of sewage effluents of Hyderabad city. Pakistan J. anal. Chem., 1: 14-19.

Langdon D. C. (2008): "Region". In: Encyclopedia of Earth. Eds. Cutler J. Cleveland
(Washington, D.C.Environmental Information Coalition, National Council for
Science and the Environment). [First published in the Encyclopedia of Earth
November 20, 2008; Last revised Date November 20,

Larsson, B., Svardsudd, K. and Welin, L. (1984): Abdominal adipose tissue distribution, obesity
and risk of cardiovascular disease and death: 13 year follow-up of participants in the
study of men born in 1913. Br. Med. J. (Clin. Res. Ed.) 288(6428), pp.1401 - 1404.

Lasker, R. (1985): 'An egg production method for estimating spawning biomass of pelagic
fish: application to the northern anchovy, Engraulis mordax', NOAA Technical Rep.
NMFS 36, 99p.

Lloyd. R. (1992): Pollution and fresh water fish. Fishing News book. U.K. pp. 82-83.

Lohner, T. W., Reash, R. J., Willet, V. E. and Fletcher, J. (2001c¢): assessment of tolerant sunfish
populations (Lepomis sp) inhabiting selenium-laden coal ash effluents. 3.serum
chemistry and fish health indicators. Ecotoxicol. Environ. Safe., 50: 225-232.

Lohner, T. W., Reash, R. J., Willet, V. E. and Rose. L. A. (2001a): Assessment of tolerant
sunfish populations ( Leponis sp) inhabiting selenium-laden coat ash effluents. I.

Hematological and population level assessment. Ecotoxicol. Environ. Safe., 502: 203-
216.

Lohner, T.W., Reash, R. J. and Williams, M. (2001b): assessment of tolerant fish populations

(Lepomis sp) inhabiting selenium-laden coal ash effluents, 2, Tissue biochemistry
evaluation. Ecotoxicol. Environ. Safe., 50: 2177-224.

114


http://www.ncbi.nlm.nih.gov/pubmed/19069769

Journal of Survey in Fisheries Sciences 11(2)91- 120 2024

Lone, K. P. and Javaid, M.Y. (1976): Effluents of sublethal doses of DDT and dieldrin on the
blood of Chamma punctatus. Pakistan J. Zool., 8: 125-134.

Luskova, V. (1997): Annual eyeles and normal values of hematological parameters in fishes.
Acra Sci. Nat. Brno. 31: 70-75.

MacDonald D. D., Smith S. L., Wong M. P. and Murdoch P. (1992): The development of
Canadian marine environmental quality guidelines.

Madanire-Moyo, G. and Barson, M. (2010). Diversity of metazoan parasites of the African
catfish Clarias gariepinus (Burchell, 1822) as indicators of pollution in a subtropical
African river system. J. Helminthol; 84(2):216-27. doi: 10.1017/S0022149X09990563

Mabhar S (2002). Ecology of the Suyal river of the Kumaun Himalayas. Ph.D. Thesis,
Kumaun University, Nainital. pp. 172.

Mallatt, J. (1985): Fish gill structural changes induced by toxicants and other irritants: A
statistical review. Can. J. Fish. Auat. Sci., 42:630-648.

Mandal, A., Chakraborty, S, and Lahiri, P. (1986): Hematological changes produced by lindane
(gamma-HCH)) in six specie of birds. Toxicology, 40: 103-111.

Manson, C. F. (1991): The biology of fresh water pollution. John Wiley and Sons: New York,
28-35pp.

Manzo, A. F., Monteiro, E. A. S., Pinheiro, G. H. D. and Fernandes, M. N. (2002):
Hematological and physiological changes induced by short-term exposure to copper in
freshwater fish. Prochilodus scrofa. Brazilian Journal of Biology, vol. 62, n0. 4A, p. 621-
631.

Marr, L. L. and Creaser, M. S. (1983): Environmental chemical analysis, pp 104
Maruthanayagam, C. and Sharmilla, G. (2004): Haemato-Biochemical variations induced by the
pesticide, monocrotophos in Cyprinus carpion during the exposure and recovery periods.

Nat. Environment and Poll. Tech. 3(4)pp 491-494.

Moravec, F. (2004): Some aspects of the taxonomy and biology of dracunculoid nematodes
parasitic in fishes: a review. Folia Parasitol., 51: 1-13.

Muller, J. E., Maroko, P. R., and Braunwald, E. (1979): The pathophysiology of acute
myocardial infarction and modification of infarct size. In The Treatment of Acute
Myocardial Ischemia. Ed.: L.H. Cohn. Futura Publishing Co.: Mount Kisco, New York.
pp. 49-76.

Mustaphal, M. K. (2008): Assessment of the Water Quality of Oyun Reservoir, Offa,

115



Quality Assessment Of Water, Nutritional Fitness And Parasitiic Status Of Three Selected Fish Species In Ero Dam,
Nigeria

Nelson, J. S. (1994). Fishes of the world, (Wiley New York).

Nemcsok, J., Orban, B., Asztalos, J. and Vig, E. (1987): Accumulation of pesticides in the

organs of carp (Cyprimus carpio L.) at 4°C and 29°C. bull. Environ. Contam. Toxicol., 39:
370 - 378.

NESREA, (2007): National Environmental Standards and Regulations Enforcement Agency
(establishment) act, 2007

Nhiwatiwa, T. and Marshall, B. E. (2007): Water quality and plankton dynamics in two small
dams in Zimbabwe. African Journal of Aquatic Science, 32(2): 139-151.
Nigeria, Using Selected Physico-Chemical Parameters Turkish Journal of Fisheries
and Aquatic Sciences 8: 309-319 (2008)

NIS (Nigerian Industrial Standard), (2007): Nigerian Standard for Drinking Water Quality.
NIS554:2007, ICS 13.060.20, Approved by the Standard Organization of Nigeria (SON)
Governing Council,pp;14 — 18

Nnabuife, C. (2001): Global fresh water pollution looms, warns study. The Guardian. 17: (8081)
Lagos, pp.28.

Nolan, D. T., spanings, F. A., Ruane, N. M., Hadderingh, R. H., Jenner, H. A. and Wendelaar
Bonga, S. E. (2003): Exposure to water from the lower Rhyne induces a stress response
in the rainbow trout. Oneorhychus mykiss. Arch. Environ. Contam. Toxicol., 45: 247-257.

Norseth, T. and Piscator, M. (1979): Nickel, In: handbook on the toxicology of metals (eds. L.
Friberg, G.F. Nordberg and V.B Vouk).

Ntow, W. J. and Khwaja, M. A. (1989): Mercury pollution in Ghana (West 301 Africa) coastal
commercial fish. Environ Tech Lett 302:10:109 —116.

Nussey, G., Van Vuren, J. H. J. and Du Preez, H. H. (2000): Bioaccumulation of chromium,
manganese, nickel and lead in the tissues of the moggle. Labeo umbratus (Cyprinidae),
from witbank Dam, Mpumalanga. Water SA., 26: 269-284.

Nwadukwe, F. O. (1995): Inducing oocyte maturation, ovulation and spawning in African
catfish, Heterobranchus longifilis Valencies (Piscis: Clariidae). Using frog pituitary
extract. A publication by Aquaculture and Fisheries Management. (pp 625 630).

Nwajei, G. E. and Gagophien, P. O. (2000): Distribution of heavy metals in the sediments of
Lagos Lagoon, Pak. J. Sc. Ind. Res. 43:338-340.

O'connor, J. M., and Huggett, R. J. (1988) Aquatic pollution problems, North Atlantic coast,
including the Chesapeake Bay. Aquat. Toxicol., 11: 163—-190

116



Journal of Survey in Fisheries Sciences 11(2)91- 120 2024

Odedeyi, D. O., Fagbenro, O., Bello, O. and Adebayo, O. (2007): “Length-weight and condition
factor of the elephant fish, Mormyrus rume in River Ose, Southwestern Nigeria”, Animal
Research International 4, 617-620.

Odiete W. O. (1999): Impacts associated with water pollution. In; Environmental physiology of
Animals and pollution. 1% edition. Diversified resources Ltd., Lagos Nigeria, pp. 187-
219  and 261. of Northern Nigeria. Published by Northern states of Nigeria Pp78-83.

Okonko IO, Adejoye OD, Ogunnusi TA, Fajobi EA, Shittu OB (2008) Microbiological and
Physico-chemical analysis of different water samples used for domestic purposes in
Abeokuta and Ojota, Lagos State, Nigeria. African Journal of Biotechnology 7, 617-621

Olajuyigbe A.E. and Fasakin J.O. (2010) Citizens’ Willingness to Pay for Improved
Sustainable Water Supply in a Medium-Sized City in South Western Nigeria
Current Research Journal of Social Sciences ISSN: 2041-3246 2(2): 41-50

Olaosebikan, B. D. and Raji, A. (1998). Field Guide to the Nigerian Fresh water Fishes.

“Federal College of Freshwater Fisheries Technology”, New Bussa, Nigeria. Pp 106

Olutiola PO (1982) Examination of pipe-borne water supplies from Oshogbo, Ede Water
treatment plants to ~ University of Ife and neighbouring towns for the presence of
coliforms. Nigeria Journal of Microbiology 2, 181-194

Oniye, S. J., Adebote, D. A., and Ayanda, O. L., (2004). Helminthes parasites of Clarias
gariepinus (Tuegels) in Zaria. Nig. Journal of Aquatic Science. 19 (2):71 -75.

Otunola ET, Giwa ST (1994) Preliminary studies on the bacteriological quality of sources
of water to three villages around the Kwara State Polytechnic Campus, Ilorin,
Kwara State

Pathani SS (1995). Impact of changing aquatic environment on the snow trout of Kumaun
Himalayas. Ministry of Environment and Forest, New Delhi. pp. 53.

Pelczar M, Michael M, Reud J (1999) Microbiology of Domestic Water and Wastewater.
General Microbiology. McGrawHill Books Company, New York, USA

Reservoir, University of Ife, Ile-Ife, Nigeria. M.Sc. Thesis. Obafemi Awolowo University, Ile-Ife.
TTpp.

Sarwar SG, Wazir MA (1991). Physico-chemical characteristics of freshwater pond of
Srinagar (Kashmir). Pollut. Res.10 (4): 223-227

117



Quality Assessment Of Water, Nutritional Fitness And Parasitiic Status Of Three Selected Fish Species In Ero Dam,
Nigeria

Sharma RC, Kumar K (2002). Conservation and management of lakes of Garhwal,
Himalaya. In ecology and conservation of lakes, reservior and rivers. ABD
publishers,  Jaipur. India. 2:562 580.

Skelton, P. (1993). A Complete Guide to the Freshwater Fishes of Southern Africa. Halfway
House: Southern Book Publishers Ltd. 296p.

Sofola JO, Lawal OF (1983) Bacteriological analysis of water samples from main taps  and
domestic water storage tank in metropolitan Lagos. The Nigerian Medical Practitioner 6,
95-98

Sridhar MKC, Ademoroti CMA (1984) Effluent discharge standards needed in Nigeria.
African and Asian water sewage Journal 3, 32-36 .
system. Water Research, vol. 22, no.11, pp. 1417-1427

Sures, B. (2007). Host-parasite interactions from an ecotoxicological perspective.

Parassitologia; 49(3):173-6.

Teugels, G. (1986): A systematic revision of the African species of the genus Clarias (Pisces:
Claridae) Annales Musee Royal de I’Afique central. 247:1-199.

Topfer, K. (1998). Editorial comments on freshwater. Our Planet, 9(4): 3.

Tripathi, CKM (1982). Investigation on Ganga river to determine biological indicators of
water quality. Ph.D. Thesis, Banaras Hindu University, Varanasi

Van der Putte, I. and Part, P. (1982): Oxygen and chromium transfer in perfused gills of rainbow
trout (Salmo gairdneri) exposed to hexavalent chromium at two different pH levels.
Aquat. Toxicol., 2: 31-45.

Van der Putte, 1., Brinkhorst, M. A. and Koeman, J. H. (1981a): Effect of pH on the acute
toxicity of hexavalent chromium to rainbow trout (Salmo gairdneri). Aquat. Toxicol.,
3:13-18.

Van der Putte, 1., Lubbers, J. and Kolar, Z., (1981b): Effect of pH on the uptake tissue
distribution and retention of hexavalent chromium in rainbow trout (Salmo gairdneri).
Aquat. Toxicol., 1:3-18.

Van Dyk, J., Pieterse, G. and Van vuren, J. (2007): Histological changes in the liver of
Oreochromis mossambicus (Cichlidae) after exposure to cadmium and zinc. Ecotoxicol.
Environ. Safe., 66: 432-440

Van Heerden, D., Vosloo, A. and Nikinmaa, M. (2004): Effects of short-term copper exposure

on gill structure, methallothionein and hypoxia-inducible factor-l& (HIF-14) levels in
rainbow trout (Oncorhynchus mykiss). Awuat. Toxicol., 69: 271-280.

118



Journal of Survey in Fisheries Sciences 11(2)91- 120 2024

Van Leeuwen, K. (1990): Ecotoxicological effects assessment in the Netherlands: Recent
development. Environ. Manage.., 14:779-792.

Van Rensburg, E. L. (1989): Die Biokonsentrering van Artrasien, Sink en Yster in Tilapia
sparmanii (Cichlidae). M.Sc. Verhandeling, Rand African University, South Africa.

Van Vuren, J. H. J., Van Der Merwe, M. and Du Preez, H. H. (1994): The effects of copper on
the blood chemistry of Clarias gariepinus (Clariidae). Ecotoxicol. Environ. Saf., 29: 187-
199.

Varshney, C. K. (1991): Effect of heavy metals on aquatic organisms In: pollution and
management, 88-89pp. (Ed. C.K Varshney) Wiley Eastern Ltd publication, Neq Delhi.

Vazzoller, A. E. A. M., Soares, L. S. H. and Cunningham, P. T. M. (1999): Ictiofauna da costa
brasileira. In: Estudos ecologicos de comunidades depeixes tropicais. R. H. Lowe-
McConnell. Edusp, Sao Paulo. 535pp.

Velkova, J. L. (2002): Histopatholoigcal and molecular-diagnostical study of the hepatic
capillary in black barbel (Barbus meridionalis petenyi Heck.) in Lake Ohrid. MSc
Thesis, Univ. St. Cyril and Methodius, Skopje, R. Macedonia (in Macedonian).

Virtanen, M.T. (1986): Histopathological and Ulstrastructural changes in the gills of Poecillia
reticulates induced by an organochlorine pesticide. Jepto 7: 73-86.

WHO (1982). Guideline for drinking water quality 2nd Ed. Recommendation. World =~ Health
Organization general 1: 30-113

WHO (World Health Organization), (2011): Guideline for Drinking Water Quality. 4" edn.,
NLM Classification: WA 675, World Health Organization, Geneva, Switzerland,
pp:307-433, ISBN: 978 924 1548151.

WHO, (World Health organization) (1988): International standards for drinking water 3™ edition.
World health organization, Geneva.

WHO, (World Health organization), (1997): Tracking the big three (Contaminated drinking
water, untreated human excrement and air pollutant). Env. Heal Press, pp.106.

Wicklund-Glynn, A. (1991): Cadmium and zinc kinetics in fish: Studies on water-borne Cd'%
and  Zn% turnover and intracellular distribution in Minnows, Phoxinus phosinus.
Pharmaco. Toxicol. 69:485-491.

Widianarko, B., Van Gestel., C. A. M., Verseij, R. A. and Van Straalen, N. M. (2000):
Association between trace metals in sediment, water and guppy, Poecilia reticulate
(Peters), from urban streams of Semarange, Indonesia, Ecotox environ, Safe., 46: 101-
107.

Wikipedia on Dam (2011): “Dam ” Retrieved from http://en.wikipedia.org/wiki/Dams

119


http://en.wikipedia.org/wiki/Dams

Quality Assessment Of Water, Nutritional Fitness And Parasitiic Status Of Three Selected Fish Species In Ero Dam,
Nigeria

Winkaler, E. U., Silva, A. G., Galindo, H. C. and Martinez, C. B. R. (2001): Biomarcadoores
histolégicos e fisiologicos para o monitoramento da saiide de peixes de ribeidres de
Londrina Estado do parand. Acuta Scientarum, vol. 23, no. 2, p. 507-514.

Wintrobe, M. M. (1978): Clinical Haematology. H. Kimpton, London, UK

Witthames, P. R., Greer-Walker, M., Dinis, M. T. and Whiting, C. L. (1995): The geographical
variation in the potential fecundity of Dover sole Solea solea (L) from European Shelf
edge waters during 1991. J. Sea Res. 34:45-58.

Wittman, G. T. W. (1979): toxic metals. In: U forstner and G.T.W. Wittman (eds) metal
pollution in the Aquatic environment. Springer, Berlin. 3-70pp.

Wood, C. M. and Soivio, A. (1991): Environmental effects on gill function: an introduction.
Physiological Zoology, vol. 64, p. 1-3.

Wootten, R. J. (1998): Ecology of Teleost Fishes. (Kluwer Academic Publishers Group,
Dordrtch, Neatherlands)

WQA, (1992): “Water Quality Assesments” UNESCO/WHO/UNEP.

Yamaguti, S., 1963. Systema Helminthum. Vol. V. The Acanthocephalans. Inter Science
Publishers, Inc. New York. 1575p

Yaron, Z. (1995): Endocrine control of gametogenesis and spawning induction in the carp.
Aquaculture, 129, 49-73.

Yem, I. Y., Sani, A. O., Bankole, N. O., Onimisi, H. U. and Musa, Y. M. (2007): Overfishing as
a factor responsible for declined in fish species diversity of Kainji, Nigeria. FISON
Proceedings edited by U.IL. Enin, E.I. Chukwu, P.O. Ajah, D.A. Ama-Abasi and F.M.
Nwosu 79-84p.

Yousef, M. L., El-Demerdash, F. M., Kamel, K. I. and Al-Salhen, K. S. (2003): Changes in some
haematological and biochemical indices of rabbits induced by isoflavones and
cypermethrin. Toxicology. 189: 223-234.

Zia, S., McDonald, D. G. and McMaster, T. (1994): Role of the gills and gill chloride cells in
metal uptake in the fresh water adapted Rainbow trout, Oncorhynchus mykiss. Canadian
J. Fish. Aquat. Sci., 15: 2482-2492.

Zimmerman, H. J. (1974): Serum enzyme measurement in experimental hepatotoxicity. In:
International symposium on toxicity (eds. M. Eliakem, J. Eschchar and H.J.
Zimmermam). Academic Press, New York.

120



	Khalil, L. F. (1991). Techniques for identificatio
	Olaosebikan, B. D. and Raji, A. (1998). Field Guid
	“Federal College of Freshwater Fisheries Technolog



