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Abstract 
Studies on the spatio-distribution and condition factors of Clarias buthupogon and Heterobranchus 
longifilis from polluted Asa River, Ilorin, Nigeria was conducted, using standard laboratory procedures. 
The study was carried out between April, 2011 - March, 2013. The two fish species were well distributed 
in the river; C. buthupogon was found to be 49.26 % while H. longifilis was 50.74 % in compositions. 
The percentage catch of C. buthupogon for dry and rainy seasons were 27.77 % and 72.23 % 
respectively, while H. longifilis was 44.52 % and 55. 48 % respectively. Thus, more fishes were caught 
in the rainy season than in the dry season, and the fish populations were more concentrated in the 
downstream. C. buthupogon males has K value that ranged between 0.10±0.02 – 0.50±0.34 while the 
female ranged between 0.11±0.33 – 0.36±0.02 and their combined sexes recorded a range of 0.11±0.02 – 
0.43±0.19. H. longifilis males ranged between 2.84±1.32 – 0.36±1.16; females had K values that ranged 
between 0.12±1.20 – 1.23±0.73, while combined sexes ranged between 0.35±0.01 – 2.84±1.99. In 
relation to standard length range (SLR), males, females and combined sexes of C. buthupogon had 
highest condition factor value at 10.0 – 14.9 cm and the least K values at 40.0 – 44.9 cm while males, 
females and combined sexes of H. longifilis had their highest K value at 15.0 – 19.9 cm and the least K 
value at 35.0 – 39.9 cm. The mean condition factor (K) value of C. buthupogon for males, females and 
combined sexes were 0.22, 0.18 and 0.21 respectively, while H. longifilis recorded mean K value of 1.05, 
0.66 and 1.04 for male, female and combined sexes respectively, and this implied that C. buthupogon and 
H. longifilis female were not in good physiological condition in the river. The determination of k values 
of the two fish species in this aquatic system is useful in assessing the well-being, growth performance 
and feed utilization in natural systems. Therefore, low K values recorded in this work are indicative of 
poor quality of water in Asa River and this call for serious concern. 
 
Keywords: Condition factor, Clarias buthupogon, Heterobranchus longifilis, Asa River, spatio-seasonal 
and pollution 
 
1. Introduction 
Fishing practice is attracting a lot of focus because it contributes significantly to the world 
proteins requirement [37]. Nigeria is blessed with abundant natural water bodies with abundant 
fish resources, and her freshwater bodies are the richest in West Africa in terms of fish 
abundance [35]. The fish resources, apart from being a major source of high quality animal 
protein for man, provide several socio-economic values as sources of job opportunities and 
raw material for some industrial activities as well as recreational purposes [50]. Nigeria’s 
populations live near water bodies such as lakes, lagoons, reservoirs, rivers, swamps and 
coastal lagoons. Many depend heavily on the resources of such water bodies for their main 
source of animal protein and family income [2]. About 268 different species in 34 well known 
Nigerian freshwater rivers, lakes, reservoirs, which constitute about 12% of Nigeria’s total 
surface area of about 98,185,000 hectares (26). However, according to [27], the yields of most 
of these inland waters are generally on the decline due to environmental degradation such as 
water pollution and improper or poor management of fisheries resources. Environmental 
Protection Agency (EPA) recommended species richness and relative abundance as ecological 
risk assessment in aquatic ecosystem [12]. An estimated fifty two fish species belonging to 
seventeen [17] families from Anambra River, Nigeria [39]. The fish stock diversities are directly 
dependent on the quality and quantity of water resources in the country [9]. 
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Condition factor is a useful index for the monitoring of 
feeding intensity, age, and growth rates in fish [41]. Condition 
factor is strongly influenced by both biotic and abiotic 
environmental conditions and can be used as an index to 
assess the quality of the aquatic ecosystem in which fish live 
[5]. Condition factors of different tropical fish species were 
investigated and reported by [44; 32] and similar studies 
particular to cichlid fish including, [45; 49; 15; 16; 10; 7; 41]. 
Knowledge of some morphometric aspects such as seasonal 
abundance, sex ratio, condition factor (k) or ponderable index 
of fishes is an important tool for the study of fish biology and 
related pollution effects. When fishes are kept in lentic water, 
their feeding potentials tend to be negatively affected, most 
especially polluted water bodies like Asa River. Dams and / 
or reservoirs have downstream effects on riverine 
environments and subsequently block nutrients flow along the 
strata of the ecosystem, thus, affecting fisheries production in 
downstream reservoir and river channels [25].  
Most rivers and their resources are constantly threatened by 
socioeconomic factors that compromise environmental 
conditions by altering water parameters as well as health 
quality [43; 8]. As a result of this phenomenon, freshwaters have 
especially been deprived of their common usage to man 
which includes irrigation, recreation, fishing, drinking water 
supply among others [28; 11]. Biological indicators such as 
fishes are known to constitute veritable tools in the 
assessment of the ecological quality of aquatic environments 
[22; 38; 21; 4]. 
Fish has been particularly identified as one of the best 
biological indicators for evaluating aquatic health, owing to 
its wide distribution, easy identification and the ability of 
providing integral assessment results and this has led to 
several fish-based methods been developed and used in the 
assessment of large river health [34, 47]. In fisheries science, the 
condition factor is used in or der to compare the “fatness” or 
wellbeing of fish. And it is based on the hypothesis that 
heavier fish of a particular length are in a better physiological 
condition. It is strongly influenced by both biotic and abiotic 
environmental conditions and can be used as an index to 
assess the status of the aquatic ecosystem in which fish live. 
The condition factor and the relative condition factor [19] are 
the quantitative parameters of the well-being state of the fish 
and it also reflect the recent feeding condition of the fish. It is 
based on the hypothesis that heavier fish of a given length are 
in better condition [19]. This factor varies according to 
influence on the physiological factors, fluctuating according 
to different stages of development. Condition factor has also 
been used as an index of growth, feeding intensity and also 
influences the reproductive cycle in fish [19]. 
Both the condition factors and organ somatic indices are used 
as indicator of the wellbeing of individual organism. Previous 
researchers [13; 14] reported that the condition factor is an 
organism level response, with factors such as nutritional 
status, pathogen effect and toxic chemical exposure causing 
greater than normal and less than normal weights. Numerous 
other studies have examined the effects of different 
environmental indices on the condition of inhabiting fish 
population in which many deformation and adverse effects 
have been reported and in relation to health [31]. These 
temporal and seasonal fluctuations of the condition factor are 
influenced by endogenous parameters (e.g., nutritional 
aspects, sex, and the state of gonadal maturation) or 
exogenous parameters (environmental factors) affecting a 
population [1]. Condition factors of different tropical fish 

species were investigated and reported by [41]. Due to the 
established high pollution index of Asa River, the aim of this 
work is to determine the distribution pattern and condition 
factor of the two selected fish species in the river.  
 
2. Materials and Methods 
2.1 Sampling Sites 
The three sampling sites (A, B & C) used in this work were 
selected in the study in relation to the industrial, agricultural 
and domestic effluents that enter the stream. Site A is 
upstream popularly called Osere stream which is about 1.5 km 
from the effluent discharge point B. It receives refuse and 
sewage from homes, cassava processing units and run-offs 
from agricultural and poultry farms. Sites B is midstream at 
which soap and detergent, flour mills and pharmaceutical 
effluents are discharged along Okun stream that also receives 
significant run-off water from agricultural, poultry farms 
lands, cassava processing units and refuse dumps from homes 
including laundering activities. Site C is the downstream 
portion of the river, which is about 1km from the point of 
discharge (i.e site B). The stream receives effluents from 
some soft drinks plants (CocaCola and 7up), cassava 
processing units, agricultural, poultry wastes, and run-offs 
from diffuse sources. Therefore, the choice of the afore-
mentioned sampling points was based on the accessibility, the 
rate at which they receives effluents and wastes from different 
sources and their distances from the industrial premises. 
 
2.2 Collection of fish samples 
The two fish species used in this work were Clarias 
buthupogon and Heterobranchus longifilis, both of which are 
the predominant species in the water body. Fishing was 
carried out late night by professional local fishermen. Gill 
nets about 12.192 m long and 1.828 m wide with a cork line 
at the top rope and metal line with the ground rope made 
locally of nylon were used for fishing. The gill nets consisting 
of 25 mm, 38 mm, 51 mm, 64 mm, 102 mm, 114 mm and 127 
mm stretched mesh sizes were used. Fish samples were also 
collected using hooks of various sizes, traps and cast nets. 
Fishing was done twice monthly starting from April, 2011 to 
March, 2013. The collected fish samples were identified 
immediately after collection using the methods of [17] and 40), 
and then transported to the Ecotoxicology and fisheries 
Laboratory, LAUTECH in well aerated containers into which 
ice cubes were added to maintain the temperature of the water 
before the commencement of further studies.  
 
2.3 Morphometric studies of fish 
Monthly catches of the two fish species were subjected to 
morphometric studies, which includes determination of body 
weight (g), Standard length (cm) and total length (cm). 
Measurements were done with length measuring board and 
tape, while weight was taken using an electronic weighing 
balance (ATOM, Model-110C) after removal of excess water 
from the body surfaces. The total length was measured from 
the tip of the Snout to the tip of the caudal fin while the 
standard length was taken from the tip of the snout to the base 
of the caudal fin. The condition factor which measures 
physiological well-being or condition of the fish or the 
coefficient of condition was calculated according to (46) as:
  
 

 
3
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L

W
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(36) 
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Where, K = Condition Factor 
W = Weight (g) 
L = Length (cm)  
 
3. Results 
3.1 Species Distribution  
An increase in the level of water and water depth were 
observed during the rainy season while there was decrease in 
the volume of water in the dry season, a situation that exposed 
large area of shore line. The total number of the two species 
caught during the rainy season was higher than that obtained 
during the dry season with the same fishing effort. A total 
number of 501 and 516 respectively of Clarias buthupogon 
and Heterobranchus longifilis were collected during the entire 
study period. Relatively, C. buthupogon was the least 
abundant having the percentage composition of 49.26 % 

while H. longifilis had 50.74 % catch within the period of 
study. The percentage catch of C. buthupogon per catch effort 
for dry and rainy seasons were 27.77 % and 72.23 % 
respectively, while H. longifilis recorded 44.52 % and 55. 48 
% for dry and rainy seasons respectively. Thus, more fishes 
were caught in the rainy season than in the dry season. The 
total length of C. buthupogon sampled throughout the study 
period ranged between 10.0 to 44.9 cm while H. longifilis 
ranged between 15.0 to 64.9 cm (Table 1). The mean weight 
of combined sexes of C. buthupogon ranged from 7.68 to 
101.88g, while the combined sexes of H. longifilis the mean 
weight range between 135.37 to 221.10g (Table 2). The study 
revealed that a wide range of sizes were harvested throughout 
the study period. The size range with the highest occurrence 
of combined sexes of C. buthupogon was 15.0 – 19.9 cm and 
that of combined sexes of H. longifilis was 35.0 – 39.9 cm.  

 
Table 1: Condition Factor (K) values for C. buthupogonin in Asa River 

 

S/L Male Female Combined Sexes 
Size Range F MSL MWT K F MSL MWT K F MSL MWT K
10.0 – 14.9 67.00 12.57 07.65 0.50 69.00 12.45 07.70 0.36 136 12.51 07.68 0.43 
15.0 – 19.9 86.00 16.96 10.42 0.21 83.00 17.08 10.90 0.20 169 17.02 10.66 0.21 
20.0 – 24.9 36.00 21.26 15.14 0.14 60.00 21.89 15.07 0.15 096 21.58 15.12 0.15 
25.0 – 29.9 10.00 26.89 19.75 0.10 12.00 26.64 19.47 0.10 022 26.77 19.61 0.10 
30.0 - 34.9 03.00 31.17 82.67 0.28 04.00 31.45 40.38 0.12 007 31.31 61.53 0.20 
35.0 – 39.9 02.00 36.00 95.00 0.20 03.00 37.00 104.33 0.21 005 36.50 99.67 0.21 
40.0 – 44.9 04.00 41.43 103.75 0.14 05.00 41.64 100.00 0.14 009 41.54 101.88 0.14 

Mean K 0.22 0.18 0.21 
 

Table 2: Condition Factor (K) values for H. longifilisin in Asa River 
 

S/L Male Female Combined Sexes 
Size Range F MSL MWT K F MSL MWT K F MSL MWT K 
15.0 – 19.9 01.00 17.40 150.00 2.84 - - - - 01.00 17.40 150.00 2.84 
20.0 – 24.9 04.00 23.50 205.25 1.59 - - - - 04.00 23.50 205.25 1.59 
25.0 – 29.9 13.00 27.02 172.77 0.90 06.00 26.77 235.85 1.23 19.00 26.89 204.30 1.07 
30.0 – 34.9 33.00 31.75 144.24 0.45 28.00 31.15 126.49 0.42 61.00 31.45 135.37 0.44 
35.0 – 39.9 47.00 35 62 174.18 0.36 37.00 37.20 220.24 0.42 84.00 36.41 197.21 0.39 
40.0 – 44.9 40.00 41.69 448.83 0.57 24.00 42.06 288.04 0.12 64.00 41.86 368.43 0.35 
45.0 – 49.9 31.00 46.93 904.58 0.88 30.00 46.88 682.47 0.61 61.00 46.91 793.53 0.75 
50.0 – 54.9 28.00 50.59 1,491.61 1.08 27.00 48.89 1,425.74 0.98 55.00 49.74 1,458.68 1.03 
55.0 – 59.9 38.00 57.65 1,721.58 0.88 37.00 57.32 1,804.54 0.98 75.00 57.49 1,763.06 0.93
60.0 – 64.9 23.00 58.04 2,156.74 0.97 29.00 61.52 2,263.45 0.97 52.00 59.78 2,210.09 0.97 

Mean K    1.05    0.66    1.04 
Key: F = Frequency, S/L = Standard Length (cm), MSL = Mean Standard Length (cm), MWT = Mean Weight (g), K = 
Condition Factor 

 
3.2 Condition Factor of the Sampled Species 
The mean monthly condition factor for male Clarias 
buthupogon in Asa River specifically revealed variations in 
the value of condition factor which lies between 0.33 and 1.99 
with the lowest mean value of 0.33 ± 0.03 recorded in male in 
the month of January at downstream A portion of the river, 
while the highest mean value of 1.99 ± 0.10 recorded in the 
month of September for female at downstream B part of the 
river (Figures 1 and 2).The monthly mean condition factor for 
H. longifilis in Asa River also revealed variations in the 
monthly mean condition factor between 0.27 and 1.81 with 
the lowest mean value of 0.27 ± 0.12 recorded in male, in the 
month of January at downstream A, while the highest value of 
1.81 ± 0.04 recorded in the month of December for male at 
downstream B section of the river (Figures 3 and 4). 
However, classifying the months into two broad seasons of 
the year showed that mean K value ranged from 0.33 to 1.89 
between October and March which coincide with the dry 
season while, in the rainy season (April to September), the 

value of K fluctuated between 0.50 and 1.99 for 
C. buthupogon. The K values for H. longifilis ranged from 
0.27 to 1.81 for dry season and between 0.99 and 1.77 for the 
rainy season. Generally, mean K value was found to be 
moderately higher in the rainy season compared to the dry 
season of the year (Figures 1, 2, 3 & 4). In relation to sex and 
size, the condition factor of the two sampled fish exhibited 
mean values of 0.21, 0.22 and 0.18, which translated to 34%, 
36% and 30% respectively of the combined sexes, male and 
female for Clarias buthupogon (Figures 6), while 1.05, 1.04 
and 0.66 were recorded for male, female and combined sexes 
which equally translated to 38%, 24% and 38% of H. 
longifilis (Figures 6). 
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Fig 1: Mean Monthly Relative Condition Factor of C. buthupogon 
Female in Asa River 

 

 
 

Fig 2: Mean Monthly Relative Condition Factor of C. buthupogon 
Male in Asa River 

 

 
 

Fig 3: Mean Monthly Relative Condition Factor of H. longifilis 
Female in Asa River 

 

 
 

Fig 4: Mean Monthly Relative Condition Factor of H. longifilis Male 
in Asa River 

 
 

Fig 5: Mean Relative Condition Factor of C. buthupoigon Sampled 
in Asa River 

 

 
 

Fig 6: Mean Relative Condition Factor of H. longifilis Sampled in 
Asa River 

 
4. Discussion 
4.1 Species Distribution 
Abiotic and biotic factors have important roles in supporting 
fish diversity and distribution in natural ecosystems. Physico-
chemical variables like pH and dissolved oxygen are key 
habitat features correlated with fish diversity and found to be 
the most important variables in shaping fish distribution. C. 
buthupogon and H. longifilis of different size range were well 
distributed in Asa River. In numerical terms, the least 
abundant species was C. buthupogon with a total catch of 501 
while H. longifilis was the most abundant with 516 of 
specimens, which translated to 49.26% and 50.74% 
respectively. The general pattern of distribution and 
abundance of these species in Asa River supported the 
conceptual models proposed by other researchers, in that there 
was downstream increase in the diversity of species and 
abundance of fish [42]. However this pattern was complicated 
by the occurrence of clarrids, which can migrate throughout 
the length of the stream [20; 30]. As a result of various timing of 
migration and recruitment throughout their lifecycles and the 
large variation in abundance, clariids in Asa River exhibited a 
complex seasonal pattern in fish assemblage structure. 
 
4.2 Seasonal Distribution 
Seasonally, there were more fish specimens caught during the 
high flow (Rainy season) than the low flow (Dry season) 
period of the year with the same fishing efforts. The 
percentage catch for the dry and rainy seasons was 27.77% 
and 72.23% respectively for C. buthupogon while 44.52% in 
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dry season and 55.48% in rainy season were recorded for H. 
longifilis; this may be due to more volume of water noticed 
during the rainy than in the dry season and this may also be 
attributed to the manifestation of an increased turbidity which 
brought about a decrease in the visibility and consequently the 
inability of such species to avoid cast/gill nets or cages, hence 
they were caught in fairly greater numbers. Also, an increase 
in water volume due to the floods and the higher rate of 
inflow of water might have forced many fish specimens 
downstream and thus resulting in their being caught in greater 
numbers than in the dry season. Relatively, more fish species 
were encountered during the first year of study which 
corresponds to April, 2011 to March, 2012 while there was a 
decline in the population of fish caught the following year (i.e 
April, 2012 to March, 2013); this may be connected to the 
increased pollution status of the river as year progresses.  
The two specimens were available all-round the year, with the 
lowest catch recorded in December and January that 
corresponds to the peak of the dry season, while the highest 
catch was obtained between the months of April through July 
which coincided with the peak of rainy season. Low catches 
observed during the peak of dry season may probably be due 
to extremely cold weather prescribed by harmattan during this 
period. This may also be attributed to environmental factors 
such as river flows and temperature [33]. Also, it may be linked 
to a wide variety of distribution and changes in environmental 
quality [29]. However, the anthropogenic factor that probably 
contributes most to the decline of such fish species is the 
destruction, degradation or alteration of their habitat through 
water diversion due to waste and probably construction of 
barriers to migration [29]. A similar trend in seasonal relative 
abundance was observed for both sampling locations. The 
lowest relative abundance was found in the dry season and 
became greatly increased in the rainy season and this may be 
linked to the inflow of more species from the dam areas when 
water volume overshoot its boundary during rainy season, 
while the decline in abundance during the dry season likely 
reflected a seasonal movement of large fish to shallow 
offshore areas or among smaller individuals to bury in 
shallow sediments [23]. Although, availability of food may also 
be a factor in habitat selection and increased species caught at 
downstream site of Asa River, and this may be linked to 
availability of wide varieties of food and this is in consonance 
with the submission of [19]. 
 
4.3 Species Condition Factors 
Fish body condition is known to vary seasonally depending 
on changes in gonadal development, food availability, and 
other environmental factors. The condition factor (K) for C. 
buthupogon and H. longifilis at all times of the year were 
fairly and moderately high and this is an indication of fairly 
good condition in the river. The condition factors (K) were 
higher than 1 in rainy season while they fell below 1 during 
the peak of dry season (January - March). The relatively high 
condition factors (K) recorded during the rainy season can be 
attributed to a fairly favorable environment with probably 
high availability of food resources [18]. Another important 
factor that could be traced to the high condition factors 
recorded during the rainy season in this work is the possession 
of matured gonads by the two studied species. The low mean 
condition factors (K) manifested by these two species during 
the dry season of the year may be an indication that the fish 
species are not enjoying good or favorable condition in Asa 
river, which may be as a results of the pollution status of the 

river. This could also be a reflection of depletion in energy 
resources [24]. The values of mean condition factor varied 
fairly significantly for male and female of the two fish 
species. High mean condition factors recorded for males in 
this study suggested that males were more robust than the 
females of the examined fish species and this could be linked 
to the fact that females generally expends a lot of metabolic 
energy during physiological activities and such energy could 
have been used for body building, egg laying and care for the 
young ones.  
Generally, it was observed in this work that the K-value was 
higher in small sized fishes compared to the larger sized 
fishes and this is a pointer to the fact that the relatively small 
sized fishes are better suited and adapted to the impaired 
ecological status of the polluted river. This may be in terms of 
feeding habits and the activities of the two species under 
investigation. Similarly, [19] attributed such decrease in 
condition factor to the deposition of materials for gonad 
formation, which may lead to an increase in weight and actual 
spawning which in turn may leads to reduction in weight 
respectively. This is in consonance with the opinion of [19; 18] 
who recorded higher condition factor in males than the 
females Clarias gariepinus in Oba Reservoir. 
The results of this present study also shed light on the state of 
well-being of the two species examined. The condition factor 
value of C. buthupogon for male, female and combined sexes 
were 0.22, 0.18 and 0.21 respectively and this is lower than 1; 
while H. longifilis recorded 1.05, 0.66 and 1.04 for male, 
female and combined sexes respectively, most of which were 
greater than 1 except for female. This implied that C. 
buthupogon and H. longifilis female were not in good 
physiological condition in the river but both male and 
combined sexes of the same species were in good condition. 
Many factors such as, sex, age, state of maturity, size, and 
state of stomach fullness, sampling methods, sample sizes and 
most importantly environmental conditions affects fish 
condition and parameters of length-weight relationship in fish 
[19; 6; 3].  
 
5. Conclusions 
Conclusively, the condition factor values (K) obtained for the 
fish population showed that the population was not in good 
condition, an indication of the unhealthy status of the 
population with less tissue energy reserves, depressed 
reproductive potential and low survival. It is equally an 
indication of the inability of the studied Asa River to sustain 
the population of the two sampled fish species. Thus it can be 
suggested that the health of the environment can decide the 
diversity and productivity of a system. Hence for sustaining 
and maintaining the diversity of aquatic organisms, it is 
important to know the factors that control the quality of life in 
these systems. The best approach to the conservation and well 
distribution of species is to disseminate conservation 
information, education and practices to fisherman and other 
stake holders about the danger of extinction of species and the 
need for its conversation as prevention is not only better but 
also cheaper than looking for ways for recalling the lost 
species. Thus a holistic approach in the management and 
conservation of the ecosystem is the need of the hour if these 
species of aquatic organisms are to the preserved. 
 
6. Acknowledgement 
The authors wish to thank the staff and laboratory workers of 
the Fisheries and Hydrobiology laboratory of the Department 



 

~ 348 ~ 

International Journal of Fisheries and Aquatic Studies 

of Pure and Applied Department, LAUTECH, Ogbomoso, 
Nigeria for their efforts during the course of this work.  
 
7. References 
1. Abowei JFN, Davis OA, Eli AA. Study of the Length-

Weight Relationship  and Condition Factor of Five Fish 
Species from Nkoro River, Niger Delta, Nigeria. J. of Bio 
Sci. 2009; 1(3):94-98. 

2. Abubakar KA, Haruna AB, Ladu BMB. An assessment 
of the physiochemical parameters and productivity of 
Lake Geriyo, Yola, Adamawa State, Nigeria. Biological 
and Environmental sciences Journal for the Tropics. 
2006; 3(1):18-23.  

3. Adeyemi SO, Adikwu IA, Akombu PM, Iyela JT. Survey 
of Zooplanktons and Macroinvertebrates of Gbedikere 
Lake, Bassa, Kogi State, Nigeria. Int. J. Lakes and 
Rivers. 2009; 1:55-62. 

4. Ael EV, Belpaire C, Breine J, Geeraerts C, Van Thuyne 
G, Eulaers. Are persisten t organic pollutants and metals 
in eel muscle predictive for the ecological water quality? 
Environ. Pollut. 2014; 186:165-171. 

5. Afamdi A. Condition factor of four Cichlidspecies of a 
man-made Lake in Imo State,  Southeastern Nigeria. 
Turkish Journal of Fisheries and Aquatic Sciences. 2005; 
5:43-47.  

6. Ama-Abasi D, Holzloehner S, Enin U. The Current Rate 
of  Exploitation of Bonga  by the Purse Seine 
Fishery in the Cross River Estuary and Adjacent Coastal 
Waters,  Nigeria. FISON Proceedings edited by U.I. 
Enin, E.I. Chukwu, P.O. Ajah, D.A. Ama-Abasi and F.M. 
Nwosu. 2007, 41-45. 

7. Arawomo GAO. The growth of Sarotherodon niloticus 
(L) in open reservoir,  proceedings of the 2nd Annual 
Conference of the Fisheries Society of Nigeria, 
University  of Ile-Ife, Ile-Ife, Nigeria. 1982, 221-227. 

8. Belenguera V, Martinez-Capela F, Masiáb A, Picó Y. 
Patterns of presence and concentration  of pesticides in 
fish and waters of the Júcar River (Eastern Spain) Journal 
of Hazardous Materials. 2014; 265:271-279. 

9. Bolorunduro PI Post harvest loss assessment and 
adopting of disseminated technologies and artisanal 
fisheries of north western Nigeria. Ph.D. Thesis 
submitted at  the faculty of science; Biological sciences 
department, University of Ibadan. 2003.  

10. Dadzie S, Wangila BCC. Reproduction Biology, length–
weight relationship and relative condition of pond raised 
Tilapia zilli. (Gervaise) J. Fish. Biol. 1980; 17:243-253.  

11. Dahunsi SO, Owamah HI, Ayandiran TA, Oranusi US. 
Drinking water quality  and public health of 
selected communities in South Western Nigeria. Water 
Qual.  Exp. Health. 2014. DOI 
10.1007/S12403014-0118-6. 

12. Environmental Protection Agency (EPA). National 
Guidance: Guidance for Assesing chemical contaminant 
data for use in fish Advisories. Risk Assessment and fish 
consumption limits. 3rd edn., Office of water, 
Philadelphia. 1994, 2.  

13. Eqani SAMAS, Malik RN, Cincinelli A, Zhang G, 
Mohammad A, Qadir A et al. Uptake of organochlorine 
pesticides (OCPs) and polychlorinated biphenyls (PCBs) 
by river water fish: The case of River Chenab. Sci. Total 
Environ. 2013; 450(451):83-91. 

14. Eqani SAMAS, Malik RN, Katsoyiannis A, Zhang G, 
Chakraborty P, Mohamma d A. Distribution and risk 

assessment of organochlorine contaminants in surface 
water from River Chenab, Pakistan. J. Environ. Monit. 
2012; 14:1645-54. 

15. Fagade SO. On the Biology of Tilapia guineensis 
(Dumeril) from the Lagos lagoon, Lagos State, Nigeria. 
Nigerian Journal of Science. 1978; 12:23-27.  

16. Fagade SO. The Biology of Chromotidotilapia guntheri 
from a small Lake. Arch Hydrobiol. 1983; 97:60-72.  

17. FAO. CROPWAT: a computer program for irrigation 
planning and management. M. Smith. Irrigation and 
Drainage. Rome. 1992, 46. 

18. Fawole OO, Arawomo GAO. Fecundity of Sarotherodon 
galilaeus  (Pisces: Cichlidae) in the Opa reservoir, Ile-
Ife, Nigeria Rev. biol. Trop. 1999; 48:1.  

19. Fawole OO, Adewoye SO. Aspects of the Biology of 
Clarias gariepinus  (BURCHELL, 1822) in Oba 
reservoir, Ogbomoso, Nigeria. Science Focus. 2004; 
8:105-109. 

20. Fievet E, Doledec S, Lim P. Distribution of migratory of 
fishes and shrimps along multivariate gradients in 
tropical island stream. Journal of Fish Biology. 2001; 
59:390-402.  

21. Fonsecaa VF, Franc S, Serafim A, Company R, Lopes B, 
Bebianno MJ. Multi-biomarker responses to estuarine 
habitat contamination in three fish species: 
D icentrarchus labrax, Solea senegalensis and 
Pomatoschistus microps. Aqua. Toxicol. 2011a; 102:216-
227 

22. Gabriels W, Lock K, De Pauw N, Goethals PLM. 
Multimetric Macroinvertebrate Index Flanders (MMIF) 
for biological assessment of rivers and lakes in Flanders 
(Belgium). Limnolog. 2010; 40:199-207. 

23. Gehrke PC, Gilligan DM, Barwick M. Changes in fish 
communities of the  Shoalhaven River 20 years after 
construction of Tallow Dam, Australia. River 
Researchand Applications. 2003; 18:291-300. 

24. Hasan HS, Secer SA. Width/Length-Weight 
Relationships of the Blue Crab  (Callinectes sapidus 
Rathbun 1896) Population Living in Beymelek Lagoon 
Lake Turk J  Vet Anim Sci. 2003; 27:443-447. 

25. Imam FMK, Anwer M, Iqbal S, Alam KUK, Sharma M. 
Tuberculosis: Brief overview and its shifting paradigm 
for management in India. Int. J. Pharmacol. 2010; 6:755-
783. 

26. Ita EO. Inland fishery resources of Nigeria. FAO, CIFA 
occasional. 1993; 20:120.  

27. Jamu DM, Ayinla AO. Potential for the development of 
agriculture in Africa. NAGA. 2003; 26(3):9-13. 

28. Jia YT, Chen YF. River health assessment in a large 
river: Bioindicators of fish population. Ecol. Ind. 2013; 
26:24-32. 

29. Jönsson EG, Nöthen MM, Hansen LP. Polymorphisms in 
the dopamine D2 receptor gene and their relationships to 
striatal dopamine receptor density of healthy volunteers. 
Mol. Psychiatry. 1999; 4:290-296. 

30. Joy MK, Death RG. Control of freshwater fish and 
crayfish community structure  in Taranaki, New 
Zealand: dams, diadromy or habitat structure? Freshwater 
biology. 2001; 46:417-429. 

31. Kavanagha RJ, Frankb RA, Solomon KR, Van Der Kraak 
G. Reproductive and  health  assessment of fathead 
minnows (Pimephales promelas) inhabiting a pond 
containing oil sands  process - affected water Aqua. 
Toxicol. 2013; 130-131:201-209. 



 

~ 349 ~ 

International Journal of Fisheries and Aquatic Studies 

32. Lizama M, De Los AP, Ambroso AM. Condition factor 
in nine species of fish of the Characidae family in the 
upper Parana River floodplain, Brazil. Braz. J. Biolo. 
2002; 62(1):113-124.  

33. McDowall RM. New Zealand Freshwater Fishes: A 
Natural History and Guide. (Heinemann Reed: 
Wellington). 1990. 

34. Meixler MS. Application of the target fish community 
model to an urban river system. J. Environ. Manage. 
2011; 92:1138-1147. 

35. Meye JA, Ikomi RB. A study on the fish fauna of Urie 
Creek at Igbide, Niger Delta. The Zoologist. 2012; 6:69-
80.  

36. Midhat A, El-Kasheif K, Shallof AS, Authman MNN. 
Studies of some reproduction  characters of Tilapia 
species in Damietta Branch of the River Nile, Egypt. J. 
Fish. Aqua.  Sci. 2013; 8:323-339. 

37. Moses BS. Distribution, ecology and fisheries potential 
of Nigerian Wetlands, In : E. V I. Apkala and D. U. O 
Okali (Ed) Nigerian Wet Land UNESCO/MAB 
Portharcourt. 1990, 35-46.  

38. Moya N, Hughes RM, Dominguez E, Gibon FM, Goitia 
E, Oberdorff T. Macroinvertebrate - based multimetric 
predictive models for evaluating the human impact on 
biotic condition of Bolivian streams. Ecol. Indic. 2011; 
11:840-847. 

39. Odo DE, Christopher CD, Joseph E. The fish fauna of 
Anambra river basin,  Nigeria: species abundance and 
morphometry. Revista de biologia tropical. 2009; 57(1-
2):177-86. 

40. Olaosebikan BD, Raji A. Field guide to Nigeria 
freshwater fishes. Federal College of Freshwater fisheries 
Techn., New Bussa, Nigeria. 1998, 104. 

41. Oni SK, Olayemi JY, Adegboye JD. The comparative 
physiology of three ecologically (Rupel). Synodonts 
schall. Block and Schneider and Tilapia zilli (Gervais). J. 
Fish. Biol. 1983; 22:105-109. 

42. Ostrand KG, Wilde GR. Seasonal and spatial variation in 
a prairie stream-fish assemblage. Ecology of Freshwater 
Fish. 2002; 11:137-149. 

43. Sabater S, Stevenson RJ. Foreword: Global change and 
river ecosystems–implications  for structure, functions 
and ecosystem services, Hydrobiol. 2010; 657:1-2. 

44. Saliu JK. Observation on the condition factor of Brycinus 
nurse (Pisces: Cypriniformes, Characidae) from Asa 
Reservoir, Ilorin, Nigeria. Tropical Freshwater Biology. 
2001; 10:9-17.  

45. Siddiqui AQ. Reproductive biology, length-weight 
relationship and relative condition of Tilapia leucosticte 
Naivasha, Kenya J. Fish Biol. 1977; 10:251-260.  

46. Sutton SG, Bult TP, Haedrich RL. Relationship 
Relationship among  fat  weight, body weight, 
water weight, and condition factors in wild Atlanic 
salmon parr.  Trans. Am. Fish. Soc. 2000; 129:527-538. 

47. Terra BF, Araújob FG. A preliminary fish assemblage 
index for a transitional river–reservoir system in 
southeastern Brazil. Ecol. Indic. 2011; 11:874-881. 

48. Vazzoller AEAM, Soares LSH, Cunningham PTM. 
Ictiofauna da costa brasileira. In: Estudos ecológicos de 
comunidades depeixes tropicais. R. H. Lowe-McConnell. 
Edusp, São Paulo. 1999, 535. 

49. Welcomme RL. Fisheries ecology of Floodplain Rivers. 
Longman Group Ltd., ondon. 1979; 317.  

50. Yakub AS. A Survey of Fish fauna of lower Ogun Rivers 

at Ishasi, Ogun State,  Western Nigeria. Continental J. 
Fisheries and Aquatic Science. 2012; 6(2):1-7. 


