Food, Feeding and Reproductive Biology Of Clarias anguillaris (Linnaeus,1758) In Orogodo River, Delta State Nigeria
                                       
                                    ABSTRACT	Comment by User: Write the research problem briefly at the beginning of the paragraph. After that, write the research objectives clearly. The research period is quite long, therefore, list the total number of samples, write down the ones used to analyze fecundity, gonad maturity index, analysis of feeding habits, and how many fish were taken at each research period. Make a brief conclusion at the end of the paragraph and the positive impact of this research.
Along with two other species of Clarias (C. gariepinus and C. macromystax) in Orogodo river, C. anguillaris form an important component in the delicacy of inhabitants of the area where they are harvested in large quantity by artisanal fishermen. Food habits and reproductive biology of Clarias anguillaris in Orogodo river, Delta State, Nigeria was investigated between January, 2023 and December, 2024. Frequency of occurrence, numerical and point methods were used to investigate food habits of this species.  Sexes of fish were determined and sex ratio was estimated for each month. Fecundity of the species was estimated from the ripe ovaries by direct count and gravimetric method. Relationship between fecundity and fish length and weight was estimated using regression and correlation analysis, while Gonadosomatic index (GSI) was calculated using females with ripe ovaries. Food items in the stomach were majorly detritus, chironomus larvae and pupae, mud and ostracoda. Feeding intensity of the species did not follow any distinct seasonal pattern with highest percentage (7.0%) gained recorded in November and December 2024 while the least (3.4%) was in February 2023. Percentage of empty stomach also showed irregular fluctuation during the study period. Diel variation in feeding intensity indicated that the species fed more at night than day time. Fecundity of the species ranged between 285 and 1250 eggs. The species spawned mostly during the rainy months (April to October) which also coincided with the period of highest GSI values.  Fecundity was positively correlated to both body weight (r= 0.6430) and standard length (r= 0.5290). The wide spectrum of food items fed upon by the species here reflects the availability of food in the habitat and an adaptation to intra and interspecific competition while the relatively low fecundity recorded reflects the general well being of the species in the habitat. These findings are vital in the exploitation and conservation of C. anguillaris in the study area. 
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                             INTRODUCTION	Comment by User: Enrich the latest references in the introduction. Write at the end of the introduction the importance of this research
The catfishes (Siluriformes) constitute a large group of fishes that inhabit most African river system. They occupy habitats that range from upland streams through large river channels to seasonal flood plain. The family Clariidae like other members of this group are recognised by their scaleless, enlongated and cylindrical body with a heavy bony skull ( Idodo-Umeh, 2003 and Meye, 2015).  They form an important component of catches in South East Asia and Africa, where they abound in most freshwater bodies. The African continent has the highest diversity of this group as over fourteen genera have been reported (Offem et al., 2008). In Nigeria, the genera commonly encountered are Gymnallabes, Heterobranchus and Clarias.  Clarias species in general are greatly valued as food fish because of their high quality flesh which make them to be greatly prized and consumed by many people ( Idodo-Umeh, 2003). In addition, their aquacultural potential is boosted by their ability to withstand handling stress, disease resistance, high growth rate, yield potential and fecundity. The two species that are readily acceptable in Nigeria as aquacultural candidates are Clarias gariepinus and C. anguillaris as they easily grow to table size in a short time. . Generating information on the biology (reproductive, food and feeding habit) of freshwater fish species is important for proper decision making in developing appropriate management program in the capture fishery as well as in the culture systems.  Information in the food and feeding habits of African catfish has been documented by various scholars (Elias, 2000; Elias, 2009; Elias et al., 2014; Demeke, et al., 2015). On the other hand, information on the reproductive biology and condition factor of the African catfish from Nigeria water bodies is scanty. Therefore documenting baseline information on the reproductive biology of the African catfish would support the management efforts of this important resource in Nigeria. Most research works available in the country are limited to the reproductive biology of C. gariepinus and a few others on C. macromystax ( Ezenwaji, 2004 and Meye., 2015).  Apart from the work of Offem et al., (2010) on the distribution, abundance, growth and reproduction of C. anguillaris in a flood plain river in South Eastern Nigeria, no much work had been undertaken on the ecology of this species in the country. This work therefore, is intended to provide preliminary information on the food, feeding habits and reproductive ecology of C. anguillaris in Orogodo river where it exist in a sympatric population with C. gariepinus and C. macromystax.
                   
            
                        MATERIALS AND METHODS
                                     Study Area
The study was carried out in a stretch of  Orogodo river located between latitude 5°10’-6°20’ N and longitude  6°10’ -6°6’ E in  South- South Nigeria (Fig.1). The detail description of the vegetation, geographic and hydrological characteristics of this area is as described in Meye (2015) and Meye and Ikomi (2011).  
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Fig. 1 The study area showing the location of the sampling stations (Inset: Nigeria showing the location of Agbor). Source: Directorate of Lands and Surveys. Governor’s Office, Asaba (2000).



                                   
                          

                                            Fish sampling and Preservation
Fish sampling was conducted monthly between January 2023 and December 2024 from the stretch of Orogodo River with the assistance of local fishermen. Fish samples collected were preserved in 10% formalin to reduce microbial action to the minimum and taken to the Laboratory for identification and further examination. 	Comment by User: Write down the number of samples taken, note whether the sampling was the same for all variables, if not write clearly
Morphometric measurements
The measurable morphometric characters used were Standard length (SL) and Body weight (BWT). Standard length (SL) was measured along the antero-posterior body axis, from mouth tip to the mid-point of caudal fin origin using a measuring board to the nearest 0.1 cm .The Body weight (BWT) was measured using a digital top-loading electronic weighing balance to the nearest 0.1 g.	Comment by User: Give consideration to why using standard length (SL)
                            Stomach content analysis
	The abdomen of each fish was slit open and the content placed in Petri dish.  The aggregate of food items was dispersed in water.  Aliquot samples were taken with a dropping pipette from a stock and placed in a small Petri dish, spread out evenly and subjected to stereo microscopic examination (10 – 100x).  Large food organisms such as shrimps, prawns, bivalve mollusc and fish were counted directly whenever encountered.  The remaining microscopic organisms were examined using a binocular zoom microscope and the number of food items present was counted directly.  The food habits of the fish was analysed using the frequency of occurrence, numerical, fullness and point methods as adopted from Oribhabor and Ogbeibu (2012).
Feeding Intensity (FI) of the species for each month was computed as shown below:
				
        Mean weight of stomach content
FI  =    Mean weight of fish

Sex determination and Fecundity study

The fish sexes were determined by visual observation of the abdominal region to check for secondary sex character.  To confirm the sexes of the fishes, they were dissected so that visual and microscopic examination of the gonads could be made.  Where it was not possible to determine sex, sample(s) were classified as immature. The classification of the gonadal maturity stages was adopted from the Kesteven scheme as adopted from Meye and Ikomi (2011).
	In order to determine the mean size of fish at maturity, the sizes (standard length and body weight) of selected samples of both sexes from maturity stages III to VI was used.	Comment by User: To clarify this narrative, why not use a formula?
             Fecundity was estimated from the ripe ovaries (stages III and IV) by direct count and gravimetric method with the model:	Comment by User: Write the references used
		N: n	=	W: w
	Where:
	N	=	Unknown total number of eggs in both ovaries
	n	=	Known number of eggs in small sample
	W	=	Total weight of ovaries
	w	=	Weight of ovary sub-sample
	
The ovaries after being removed from the fish were weighed and placed in Gilson fluid for about 8 weeks to facilitate the removal of the tissues and also harden the eggs.  The eggs were later decanted from the fluid and the adhering fluid film moped up.  A sub-sample (about 0.25g) was taken and counted.  The process was repeated four times and the resultant average number of eggs obtained was multiplied by the weight of the ovary to yield the estimated absolute fecundity.  	Comment by User: To clarify this, it is good to take samples from each end of the gonad and the middle part with the same weight, so that the sample is representative.
	The sex ratio of the species was determined by counting the number of males and females in each month of sampling.  This was tested for significance using Chi-square statistics (X2) (Ogbeibu, 2005).
	The relationship between fecundity and fish length/weight was determined using simple regression and correlation analysis.
	The regression equation describing such relationship is given below:
	F = axb	
Where, F = Fecundity
	x = Body length (L) in centimetres or body weight (W) in grams
	b   = Slope or regression coefficient
	a = The intercept
	This was logarithmically transformed to read:
	Log F = b Log X - a
	The gonadosomatic index (GSI) was calculated for each gonad from the equation:
	                Gonad weight (g)
	GSI	=			 x 100
                            Total Fish weight(g) 









                                         
                               RESULTS	Comment by User: Research results should be ordered according to research objectives to make them easier to understand and comprehend.
Food items in the stomach of C. anguillaris
The summary of food items in the stomach of Clarias anguillaris is shown in Table 1.  A total of 324 stomachs were examined, 194 or 59.88% had food in them, while 130 or 40.12% were empty.  By occurrence method, the dominant food items were detritus, chironomus larvae and pupae, mud and ostracoda which accounted for 92.78%, 43.30%, 38.66%, 36.08% and 35.05% respectively.  The other food items ranged between 3.61% and 28.35%.

Table 1: Summary of food items of Clarias anguillaris in Orogodo  River
and the analysis of stomach content using occurrence, numerical and point methods

	Food Item
	Occurrence Method
	Numerical Method
	Point Method

	
	Freq.
	%
	Num-bers
	%
	Points
	%

	Mud
	70
	36.08
	-
	-
	65
	1.68

	Detritus
	180
	92.78
	170211
	39.18
	1435
	36.98

	Blue green algae
	40
	20.62
	25.60
	0.59
	25
	0.64

	Green filamentous algae
	55
	28.35
	20334
	4.68
	350
	9.02

	Desmids
	25
	12.89
	1800
	0.41
	30
	0.77

	Diatoms
	54
	27.84
	50470
	11.62
	440
	11.34

	Plant seeds
	15
	7.73
	1310
	0.30
	25
	0.64

	Leaf fragments
	7
	3.61
	400
	0.09
	28
	0.72

	Nematodes (worms)
	44
	22.68
	8622
	1.98
	80
	2.06

	Oligochaete segments
	10
	5.15
	1844
	0.42
	35
	0.90

	Cladocera
	35
	18.04
	60364
	13.89
	492
	12.68

	Copepoda
	47
	24.23
	12126
	2.79
	94
	2.42

	Ostracoda
	68
	35.05
	21280
	4.90
	105
	2.71

	Ephemeropteran nymphs
	36
	18.56
	245
	0.06
	50
	1.29

	Chironomus larvae
	84
	43.30
	79750
	18.13
	535
	13.79

	Chironomus pupae
	75
	38.66
	3142
	0.72
	30
	0.77

	Choborus larvae
	20
	10.31
	890
	0.21
	15
	0.64

	Mosquito larvae
	24
	12.37
	205
	0.05
	36
	0.93


No. of stomachs examined	=	324
No. of stomachs with food	=	194
No. of empty stomachs	=	130



By numerical method, detritus was also the dominant food item accounting for about 39.18% and it was followed by chironomid larvae, cladocera, and diatoms which accounted for 18.13%, 13.89% and 11.60% respectively.  The other food items which were of secondary importance ranged from 0.05% to 4.90%.
	By point method, detritus dominated the other food items and constituted 36.98%.  It was followed closely by chiornomus larvae, cladocera and diatoms which constituted 13.79%, 12.68% and 11.34% respectively.  Other food items ranged between 0.64% and 9.02%.	
Monthly variations in the feeding habits of C. anguillaris
Monthly variations in the feeding habits of C. anguillaris are shown Figure 2.  The dominant food items consumed regularly throughout the study period were detritus, various forms of algae, and insects.  Cladocera, mud, copepoda and ostracoda were consumed for 21, 14, 16 and 11 months respectively, while macrophytes (in form of plant seeds and leaf fragments) and worms (nematodes and oligochaetes) were consumed for 15 months each during the study period.  There was no definite seasonal pattern followed in the consumption of each of these food items.  However, the ingestion of such dominant food items as algae and various forms of insects’ larvae were at a maximum during the rainy season months than the dry season.  Mud was mostly taken in as incidental diet during the dry season months than the rainy season.

 Monthly variations in feeding intensity of Clarias anguillaris
	Table 2 presents the monthly/seasonal variations in mean feeding intensity of Clarias anguillaris.  The highest mean feeding intensity (7.0%) was recorded in November and December 2024, while the least (3.4%) was in February 2023.  The monthly fluctuation in mean feeding intensity showed a gradual rise from 3.4% in February 2023 to a maximum value (6.5%) in June of the same year.  There was a gradual drop to a minimum value (4.0%) in April and May 2024, followed by yet another rise to a maximum again in November and December 2024.  Variations in the percentage of empty stomach (Figure 2) were also used to illustrate the variations in feeding intensity of the species.  There were no empty stomach recorded between October 2023 and January 2024.  
The highest percentage of empty stomach (8.5%) was recorded in May 2023 and July 2024.  The lowest percentage of empty stomach (2.3%) was observed in March and August 2023 and also in March 2024.  The monthly trend of the percentage of empty stomach showed a very irregular pattern with peaks in May 2023 and July 2024 respectively. 
             Diel variations in feeding habits
	Table 3 presents diel variations in feeding habits of C. anguillaris.  Out of 194 samples caught in the day time, only 74 or 38.14% had food in their stomachs, while of the 130 samples caught in the night, 120 or 92.31% had food in their stomachs.  The number of specimens that fed in the night was significantly higher (P<0.05) than those that fed in the day. 






Table 2: Monthly/seasonal variation in mean feeding intensity of Clarias anguillaris in Orogodo River
		January 2023 – December 2024

	Months
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Feeding Intensity %
	3.5
	3.4
	3.8
	4.5
	5.0
	5.5
	6.5
	6.0
	6.0
	5.8
	6.0
	5.6
	5.0
	4.8
	4.4
	4.0
	4.0
	4.8
	5.4
	5.8
	6.5
	6.5
	7.0
	7.0

	No. of fish caught
	14
	12
	8
	11
	21
	22
	10
	7
	10
	12
	10
	13
	15
	15
	10
	7
	18
	15
	22
	17
	7
	17
	15
	16
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Fig.2: Monthly variation in the feeding habits of Clarias anguillaris shown as relative percentage points in  Orogodo River Jan 2023 – Dec 2024.
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Fig.3: Monthly variation in the percentage empty stomach of Clarias anguillaris in    Orogodo River  Jan 2023 – Dec 2024.

Table 3:  Diel variations in food habits of C. anguillaris from  Orogodo River
		The values shown for day and night are actual frequencies and points gained
	Food Items
	Methods Occurrence
	
	
	Point

	
	Day
	Night
	X2
	P
	Day
	Night
	X2
	P

	Mud  
	20
	50
	12.86
	<0.05
	25
	40
	3.46
	>0.05

	Detritus
	60
	120
	20.00
	<0.05
	535
	900
	92.84
	<0.05

	Blue green algae
	10
	30
	10.00
	<0.05
	10
	15
	1.00
	>0.05

	Green filamentous algae
	25
	30
	0.45
	>0.05
	170
	180
	0.29
	>0.05

	Desmids
	20
	5
	9.00
	<0.05
	10
	20
	3.33
	>0.05

	Diatoms
	24
	30
	0.66
	>0.05
	200
	240
	3.64
	>0.05

	Plant seeds
	15
	-
	-
	-
	25
	-
	-
	-

	Leaf fragments
	7
	-
	-
	-
	28
	-
	-
	-

	Nematodes (worms)
	17
	27
	2.27
	>0.05
	35
	45
	1.25
	>0.05

	Oligochaete segments
	5
	5
	0.00
	>0.05
	15
	20
	0.36
	>0.05

	Cladocera
	10
	25
	6.43
	<0.05
	136
	356
	98.37
	<0.05

	Copepoda
	-
	47
	-
	-
	-
	94
	-
	-

	Ostracoda
	-
	68
	-
	-
	-
	105
	-
	-

	Ephemeropteran nymphs
	20
	16
	0.44
	>0.05
	30
	20
	2.00
	>0.05

	Chironomus larvae
	34
	50
	3.05
	>0.05
	160
	375
	86.40
	<0.05

	Chironomus pupae
	30
	45
	3.00
	>0.05
	10
	20
	3.33
	>0.05

	Choborus larvae
	88
	12
	0.80
	>0.05
	10
	15
	1.00
	>0.05

	Mosquito larvae
	8
	16
	2.67
	>0.05
	16
	20
	0.44
	>0.05



Plant seeds and leaf fragments were not consumed at night while ostracoda and copepod were not found in the day time samples.  The ingestion of such food items as mud, detritus, blue-green algae and cladocera were significantly higher (P<0.05) in the night than in the day time, while desmids were significantly higher (P<0.05) consumed in the day time.  There was however, no significant difference (P>0.05) in the occurrence of filamentous green algae, diatoms, nematode (worms), oligochaetes and the various forms of insects between day and night.  Similarly, the points gained by detritus, cladocera and chironomid larvae were significantly higher (P<0.05) in the night than in the day.  There was no significant difference (P>0.05) in the points gained between day and night for the other food items. 
	Sex ratio
	The monthly variation in the sex ratio of Clarias anguillaris is shown in Table 5.  The males showed higher abundance than the females throughout the period of study with an overall sex ratio of 1:0.79.  This was significantly different (P<0.05) from the expected sex ratio of 1:1.  The males were significantly higher in abundance than the females in February and May 2023, and August 2024 with the sex ratio differing significantly (P<0.05) from the expected 1:1 ratio.  Similarly, the females were significantly more than the males in July 2007 (P<0.05).  In other months of the study period, the abundance of both sexes and the sex ratio were not significantly different (P>0.05).
	Mean size of fish at maturity
	The mean size at maturity for both sexes of Clarias anguillaris is shown in Table 5.  From the table, the mean size at maturity in male was 16.88cm±1.89 and 92.95g±13.65, while that of the female was 13.75cm±1.85 and 108.44g±20.5.
	
                        Reproductive Pattern
	The ovarian maturation scheme shows five stages (stages I – VI) (Table 4.).  The immature stages (I and II) dominated the catch during the season months (January and February) and November and December each year.  The ripe and matured ovaries (stages III and IV) was mostly captured during the rainy months (April and August) of both years.  The stages V and VI (spawning and spent) ovaries showed a more irregular presence throughout the study period.


Table 4. Monthly variation in the sex ratio of Clarias anguillaris

	
	
	
	Ratio
	
	

	Months
	No. of Males
	No. of Females
	Male : Female
	      X2
	P

	2023
	
	
	
	
	

	January
	8
	4
	1       :      0.5
	1.33
	>0.05

	February
	10
	2
	1       :      0.2
	5.33
	<0.05

	March
	4
	4
	1       :      1
	0.00
	>0.05

	April
	6
	5
	1       :      0.83
	0.09
	>0.05

	May
	15
	6
	1       :      0.4
	3.86
	<0.05

	June
	13
	7
	1       :      0.54
	1.80
	>0.05

	July
	6
	4
	1       :      0.67
	0.40
	>0.05

	August
	5
	2
	1       :      0.4
	1.29
	>0.05

	September
	5
	3
	1      :       0.6
	0.50
	>0.05

	October
	2
	8
	1      :       4.0
	3.60
	>0.05

	November
	6
	4
	1      :       0.67
	0.40
	>0.05

	December
	8
	5
	1      :       0.63
	0.69
	>0.05

	2024
	
	
	
	
	

	January
	6
	9
	1       :      1.5
	0.60
	>0.05

	Feburary
	4
	9
	1       :      2.25
	1.92
	>0.05

	March
	2
	8
	1       :      4.0
	3.60
	>0.05

	April
	3
	4
	1       :      1.33
	0.14
	>0.05

	May
	11
	7
	1       :      0.64
	0.88
	>0.05

	June
	10
	5
	1       :      0.5
	1.67
	>0.05

	July
	5
	17
	1       :      3.4
	6.55
	<0.05

	August
	13
	4
	1       :      0.31
	4.76
	<0.05

	September
	6
	1
	1       :      1.67
	3.57
	>0.05

	October
	10
	5
	1       :      0.5
	1.67
	>0.05

	November
	7
	8
	1       :      1.14
	0.07
	>0.05

	December
	9
	7
	1       :      0.78
	0.25
	>0.05

	Overall
	174
	138
	1       :      0.79
	4.15
	<0.05




 Table 5. Mean size at maturity for male and female Clarias anguillaris
	
	MALE
	FEMALE

	S/N
	Standard length (cm)
	Body weight (g)
	Standard length (cm)
	Body weight (g)

	1
	9.0
	30.7
	8.7
	20.6

	2
	9.7
	37.2
	8.9
	34.1

	3
	10.5
	55.3
	9.3
	65.2

	4
	12.5
	74.8
	9.5
	78.3

	5
	15.7
	80.3
	10.5
	62.9

	6
	17.6
	100.3
	11.3
	108.3

	7
	21.2
	115.2
	14.6
	125.3

	8
	22.6
	135.2
	15.7
	186.7

	9
	24.6
	130.2
	23.4
	192.5

	10
	25.4
	170.3
	25.6
	210.5

	X
	16.88cm±1.89
	92.95g±13.65
	13.75cm±1.85
	108.44g±20.5




	Gonadosomatic index (GSI)
	Table 6 also showed that the mean monthly gonadosomatic index (GSI) range between 0.71 and 4.12%.  The maximum value (4.12%) was recorded in June 2023 while the minimum value (0.71%) was observed in February of the same year.  Generally, higher values of GSI were recorded between April and October of each sampling year.  The GSI values also fluctuates with the ovarian maturation stages, as period of high GSI values corresponded with the months with higher abundance/ percentage of stage III (ripe) ovaries.
	Fecundity
	The mean fecundity recorded for Clarias anguillaris was 650 eggs (range 185 – 1250 eggs per female) for fish of 8.7 – 27.8cm standard length (Table 7).  The minimum and maximum number of eggs was obtained in specimens with a standard length of 8.9cm and 27.8cm respectively.
	The linear regression equation derived from the logarithmic transformed data of the length (L)/weight (W) and fecundity (F) is given below:
		LogF  =  1.823LogL + 2.034
		r	= 0.5290; n  =  30
		LogF  =  2.034LogW + 1.903
		r	= 0.6430; n  =  30
	The fecundity was significantly correlated (P<0.05) to both standard length (r = 0.5290) and body weight of the fish (r = 0.6430).
	The GSI values increases as the size (length and weight) of fish increases.  Relatively higher GSI values were recorded in fish with size range between 17.6cm and 27.8cm.  The minimum GSI value (0.92%) was recorded in a fish with standard length of 8.7cm and body weight 20.6g while the 

Table 6. Monthly variation in the state of gonad development and mean gonadosomatic index (GSI) of Clarias anguillaris during the sampling period

	
	
	Stage (%)
	
	
	
	

	Months
	N
	I
	II
	III
	IV
	V
	VI
	GSI (%)

	2023
	
	
	
	
	
	
	
	

	January
	4
	25
	25
	0
	0
	0
	50
	1.51

	February
	2
	50
	50
	0
	0
	0
	0
	0.71

	March
	4
	25
	25
	0
	0
	25
	25
	1.62

	April
	5
	20
	0
	40
	40
	0
	0
	3.27

	May
	6
	0
	0
	33.3
	33.3
	16.7
	16.7
	3.15

	June
	7
	0
	0
	28.6
	42.9
	28.6
	0
	4.12

	July
	4
	0
	0
	25
	75
	0
	0
	3.82

	August
	2
	0
	0
	50
	50
	0
	0
	2.92

	September
	3
	0
	33.3
	66.7
	0
	0
	0
	2.71

	October
	8
	12.5
	12.5
	37.5
	0
	12.5
	25
	2.51

	November
	4
	25
	25
	0
	0
	25
	25
	1.41

	December
	5
	40
	20
	0
	0
	20
	20
	1.20

	2024
	
	
	
	
	
	
	
	

	January
	9
	33.3
	55.5
	0
	0
	22.2
	11.11
	1.82

	Feburary
	9
	33.3
	11.1
	0
	33.3
	22.2
	0
	2.49

	March
	8
	0
	0
	25
	50
	25
	0
	3.14

	April
	4
	0
	0
	50
	50
	0
	0
	3.44

	May
	7
	0
	28.5
	42.9
	28.5
	0
	0
	3.72

	June
	5
	0
	0
	40
	40
	20
	0
	3.62

	July
	17
	0
	0
	35.3
	41.1
	5.9
	11.8
	3.52

	August
	4
	0
	0
	50
	50
	0
	0
	2.90

	September
	1
	0
	0
	100
	0
	0
	0
	2.85

	October
	5
	20
	20
	40
	20
	0
	0
	2.71

	November
	8
	12.5
	12.5
	25
	25
	25
	0
	2.12

	December
	7
	28.6
	57.2
	0
	0
	14.3
	0
	1.81


Stage I  =  virgin; Stage II  =  immature; Stage III  =  ripening; Stage IV  =  full ripe; V  =  running or spawning; stage VI = spent

 Table 7 Variation in the mean fecundity and gonadosomatic index (GSI) 
		values in relation to length and weight of Clarias anguillaris

	Standard length (cm)
	Weight (g)
	GSI (%)
	Mean fecundity

	8.7
	20.6
	0.92
	200

	8.9
	34.1
	1.21
	185

	9.1
	38.1
	1.23
	235

	9.3
	45.2
	1.72
	255

	9.5
	47.3
	1.92
	270

	10.5
	58.6
	2.10
	330

	11.3
	72.3
	2.41
	570

	12.5
	74.8
	2.53
	630

	14.6
	85.7
	3.14
	780

	17.6
	110.7
	4.61
	970

	21.2
	175.2
	4.82
	1010

	23.4
	186.8
	6.12
	1200

	25.6
	210.5
	5.72
	1150

	27.8
	216.7
	6.34
	1250





maximum GSI value (6.34%) was recorded in a fish with standard length of 27.8cm and body weight 1250g.


                                        Discussion	Comment by User: The discussion should be arranged according to the research objectives to make it easier to understand and comprehend.

	Clarias anguillaris was found to feed mostly on detritus, chironomid larvae and pupae, ostracods, copepods and mud.  Like other species of the family clariidae in the present study, C. anguillaris feed on a wide range of food sources and can be aptly described as an omnivore in the study area.  In River Ase, C. anguillaris was observed to feed omnivorously on detritus, plankton, insect larvae, insects, worms, gastropods, crustacean and small fish such as Tilapia (Idodo-Umeh, 2003).  The monthly or seasonal variation in the feeding habits of this species showed that the major food items were consumed throughout the study period without any definite seasonal pattern.  Again, this reflects the availability of these food items in the environment and could probably account for the abundance of this species in the study area.
	The variations in feeding intensity for this species did not show any distinct seasonal pattern as the percentage mean points gained per fish fluctuated irregularly throughout the study period.  However, highest percentage mean point gained was recorded in November and December 2024 while the lowest was in February 2023.  The percentage of empty stomach also fluctuated irregularly during the study period.  These fluctuations may actually suggest the fluctuations in the availability of the various food items consumed by the species in the habitat.	Comment by User: Try to complete the justification based on competition analysis.
	The diel variations in feeding habits of C. anguillaris showed that the species is a night feeder as the consumption of most food items was significantly higher in the night than the day.  Again, the number of stomach with food was significantly higher in the night than the day.  The relatively fewer number of individuals of this species recorded in the night catch probably had more food resources than the day time catch which resulted in lower number of individuals with empty stomach in the night.  As stated earlier, night feeding is a common phenomenon among catfishes that are capable of non-visual feeding.	Comment by User: This is interesting, it would be better to provide an explanation from a biological, ecological or perhaps anthropogenic perspective.
C. anguillaris showed a sex ratio of more males than females in Orogodo river during the study. Similar sex ratio was reported for C. macromystax in Orogodo river by Meye (2015).
Preponderance of the male specimens over the females in this study has also been reported in other catfishes (Offem et al., 2010). Sex disparity could be a result of differential survival to certain environmental conditions by male and females of a particular species. Meye (2015) opined that the probable reason for preponderance of males over the females could be that the males were more vulnerable to capture or the females were more prone to natural mortality.  The ovarian maturation pattern showed that there were more matured ovaries (stage III) during the peak of the rainy season (May – August) suggesting that the spawning activities were more intense during the rainy season.  Most of the tropical fishes are known to breed during the rains when the physical and chemical conditions are favourable (Olatunde, 1989 and Offem et al 2010). It was explained that tropical fishes adaptation to breeding during rising flood allow the juveniles to take full advantage of the flooded banks for feeding while being protected from predation.  Peak fecundity in other species in the family like Clarias gariepinus also occurred with the onset of the rains and rising flood as reported by Ikpi et.al., (2012).  The fecundity of C. anguillaris in Orogodo river was quite low ranging between 285 and 1250 with a mean of 650 eggs per female fish.  This relatively low fecundity when compared with the other two species in this family (Clariidae) may have accounted for low abundance of this species in Orogodo river.    The fecundity increases with weight and length of an individual female fish in this study. Similar findings of increase of fish fecundity with increase of female size ( both length and weight)  have been reported by Sahoo et al., (2007),  Ataguba et al., (2009), and Esa, et a.,l(2019)	Comment by User: Improve and complete the narrative, because stage III still needs one more step towards stage IV and it takes time.	Comment by User: Provide comparative references as a basis for determining low fecundity.
	The GSI values showed that about 0.71 to 4.12% of the body weight is expended in the production of eggs.  The GSI values showed seasonal variation and varies with the percentage of stage III (matured) ovaries.	Comment by User: Provide an explanation of what the ecological and biological impacts are, especially for the research location.
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