[bookmark: _Hlk209674986][bookmark: _Hlk209343527]Original Research Article
INVESTIGATING THE FECUNDITY AND CONDITION FACTOR OF HETEROTIS NILOTICUS IN A FRESHWATER ECOSYSTEM: A CASE STUDY OF EPIE CREEK, BAYELSA STATE, NIGERIA


Abstract
Heterotis niloticus is a captivating freshwater fish species widely known as African bonytongue fish. The study exposed the investigation of the fecundity, sex ratio and condition factor of Heterotis niloticus. 99 H. niloticus were sampled from January to June 2023 in Epie Creek, Bayelsa State, Nigeria. The monthly variation in fecundity of Heterotis niloticus had the highest mean value of 1.90±0.14 for the egg sac weight was reported in June, followed by 2.27±0.35 in April, and 2.55±0.52 in March. The total number of eggs in a gram had a minimum mean value of 426.50±26.16 in June, a mean value of 633.70±216.6 in April, and a maximum mean value of 778.00±206.29 in May. The lowest mean value of the total number of eggs counted was 2151.00±733.98 in June, followed by 6666.11±4542 in April, and the highest mean value of 28003.00±37883.24 in January. The highest condition factor value was recorded in station 3 (3.5), followed by station 2 (3.2), while station 1 recorded the lowest value for condition factor (2.5). Sex ratios didn’t differ significantly from 1:1, with season and size class, males were more numerous than female, most likely because to the distinct growth rates of the sexes. The mating season is when H. niloticus grows at its fastest rate. One possible explanation for the females' slower growth is that comparatively more energy is being directed into gonad development.	Comment by HP ELITEBOOK: Species and not specie
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2. INTRODUCTION
Heterotis niloticus, an African bonytongue fish, is the only species belonging to the Osteoglossidae family and genus Heterotis. It performs an important function in Nigeria's artisanal fishing sector. It is a freshwater fish species that predominantly lives in Nigerian forests and some other regions of Africa. Both the citizens and fishermen along the Niger River, Heterotis niloticus is a valuable fish species.  The high protein content of this commercial fish makes it a highly preferred food source. It can be grilled, smoked, or dried, thus rendering it an integral component of many Nigerians' diets. It is highly valued because of its socioeconomic importance and benefits. development owing to its fast growth (2-4kg annually), late sexual maturity, omnivorous feeding habit, and natural reproduction in ponds (Monentcham et al., 2010; Adite et al., 2013). Because of its benefits and economic significance, it is highly sought after. In Nigeria's inland waters, the African bonytongue is one of the recognized food fish species. The enormous size and firm texture of the flesh may have been contributing factors to this. It grows quickly and is readily available year-round in substantial quantities and in large amounts. The tropical freshwater fish commonly referred to as the African bony tongue (Heterotis niloticus) exhibits tremendous aquaculture potential.

In accordance with recent data from the Food and Agriculture Organization, fisheries and aquaculture not only significantly contribute to the eradication of hunger, the promotion of health, and the reduction of poverty, but they also generate income, particularly in emerging nations like Nigeria (FAO, 2016).
Epie Creek is a crucial surface water source that supports the main highway (Mbiama- Yenagoa road) in Yenagoa metropolis, the state Capital (Ben-Eledo et al., 2017a; Seiyaboh & and Izah, 2017).   The statistic known as fecundity measures the total number of eggs a gravid female fish or shrimp potentially carries (Eyo et al., 2013). 	Comment by HP ELITEBOOK: change
A key trait that scientists examine when choosing species for aquaculture is fecundity (Shinkafi and Ipinjolu, 2012). Either manual estimating or a Geiger-Muller counter can be employed to count the released eggs (Opiyo et al., 2017). 
Fecundity, which refers to the typical reproductive characteristics of fish, is a crucial component in aquaculture (Eyo et al., 2014).  In fisheries science, fecundity estimation is therefore very important since it may be used as an index to elaborate the life cycles of many aquatic species (Hunter and Goldberg, 1980). Furthermore, fish recruitment, stock exploitation, stock size estimation, egg and larval survival, and fish stock assessment are all based on fecundity (Mayer et al., 1980) and (Shalloof & and Salama, 2008). 
An essential factor for aquaculture professionals to take into account when choosing novel species for aquaculture is fecundity, which may be used to estimate the number of fry and fingerlings produced (Akanse and Eyo 2018, Ekanem et al., 2013, Eyo et al., 2016, and Eyo et al., 2021). Research on fecundity helps to inform all parties involved in aquaculture about its significance in managing fisheries resources and determining stock size (Robert et al., 2024a).
Numerous elements, including the fish's size and age, the environment, and nutritional health, affect fecundity. Fecundity and fish size are generally connected in the case of H. niloticus, with larger individuals having higher fecundity. Environmental elements, including water temperature, oxygen content, and food availability also have an impact on the species' capacity for reproduction. These elements may affect spawning success and timing, which in turn may affect the amount of fertility.
The sustainable management of H. niloticus populations and fisheries depends on an understanding of its fecundity. Fecundity is studied to determine the species' reproductive capacity, which helps guide conservation and management initiatives (Bawuro et al., 2018). Furthermore, understanding fecundity helps forecast population dynamics and comprehend the function of the species in its environment. Numerous writers in Nigeria have examined this species' biology, feeding habits, reproduction, and the link between length and weight. In order to improve research methodology, the current review looks at the fecundity and condition factor of Heterotis niloticus in a freshwater ecosystem using a case study of Epie Creek in Bayelsa State, Nigeria.
The purpose of this study was to establish a baseline of data for future research while also adding to the current understanding of fecundity and condition factor as a research study in Heterotis niloticus.

2. MATERIALS AND METHODS
2.1 Description of the Study Area
With connections to other creeks like Taylor and Ikoli Creeks, Epie Creek is one of the inland water bodies in the Niger Delta that receives organic and chemical wastes from anthropogenic activities within the catchment area. It is located between latitudes 4o50'N to 5o05'N and 5o23'N and longitudes 6o15'E to 6o3'E (Izonfuo & Bariweni, 2001). After flowing from Igbogene to Ovom village, Epie Creek empties into the Ekole River, which is not only year-round navigable but also acts as a natural drain for nearby settlements that also benefit from the creek's resources (Oyadongha, 2018).


[image: PHOTO-2024-02-08-23-01-26]
Figure 1: Map of the study area
Source: Niger Delta Development Commission, Rivers State Map (2007) and Google Map (2024)


2.2 Sampling
Six months (January–June) were spent collecting Heterotis niloticus at Epie Creek in Bayelsa State, Nigeria. Castnets, baited hooks and line, and seine gill nets with a 3 cm stretched mesh in deep seas were used to sample three stations: the fire station, Samson Siasia Sports Stadium, and the back of the government building. As unit efforts, the distribution and abundance of Osteoglossidae were ascertained using castnet, baited hook and line, and seine gill nets with a mesh size of 3 cm that were set overnight (1800–0700 h) in each sample location. The fish species' physical health and well-being were determined by measuring their total length (TL) to the closest 0.1 cm and body weight to the nearest 0.1 g.

2.3 Determination of Fecundity
To ascertain the quantity and viability of viable fish eggs, the fish's abdomen was dissected. Fecundity was estimated using the gravimetric technique, which weighs the ovary and counts the number of eggs (or oocytes) per unit weight (gram) of ovarian tissue. Gilson's fluid was used to preserve the ripe ovaries after they were carefully extracted and weighed to the closest 0.1g. A little, representative sample of the ovary is removed and precisely weighed. The ovaries were divided longitudinally and inverted to facilitate the preservative's penetration (Bagenal and Braum, 1978).
Typically, with the use of a microscope or automated counting techniques, the quantity of eggs (or oocytes) in the subsample is determined. The subsample data is used to compute the oocyte density, or the number of eggs per gram of ovarian tissue. The oocyte density is then multiplied by the ovary's total weight to measure the total fecundity. 
Least squares regression was used to ascertain the association between fecundity and a few morphometric measures, including ovary weight (OW), TL, and TW.
The fecundity of fish was monitored using the formula below: 
Fecundity = 
 (Jan and Ahmed, 2016; Hasan et al., 2020).
% Fertility = 
 (Esa et al., 2023 and Robert et al., 2024b). 

2.4	Statistical Analysis
Data from this experiment was computed using Microsoft excel (23 version). The condition factor was calculated using the formula:
K=100W/Lb 
· K is the condition factor,
· W is the weight of the fish in grams (g),
· L is the length of the fish in centimeters (cm).
· b is the value obtained from the length-weight equation (Fafioye and Ayodele, 2018)
Monthly variations in the condition factor were determined using Tukey's multiple comparisons of the means and ANOVA (Frank and Althoen, 1994).

3. RESULTS AND DISCUSSION
3.1 Results
[bookmark: _Hlk209676229]Between January and June, 99 H. niloticus were sampled from Epie Creek. Of them, 48 were female and 51 were male. All of the samples that were analyzed had total lengths (TL) between 28.41 and 71.8 cm and total weights (TW) between 500 and 2709 grams. For both length and weight, the female species had the greatest values. Table 1 above illustrates the fecundity of Heterotis niloticus species across stations in Epie Creek. The weight of the egg sac attained the lowest mean value of 2.11±0.14 in station 3, followed by 2.44±0.14 in station 1, and the highest mean value of 2.48±0.44 in station 2.
A mean value of 9.63±2.29 was obtained for the total weight of the egg with the sac at station 3, followed by 9.63±2.29 at station 1, and a high of 13.84±4.31 at station 2. For the total number of eggs in a gram, station 3 recorded the lowest mean value at 534.40±143.57, station 2 reported 729.00±236.06, and station 1 recorded the highest mean value at 740.87±266.72. Station 2 differs significantly from the other stations (p<0.05). In station 3, the total number of eggs counted had a minimum value of 6891.98±8061.18. Station 1 had the highest mean value of 26486.87±55870.01, while Station 3 recorded the lowest value of 6891.98±8061.18, followed by Station 2 with 35973.22±40063.94.
[bookmark: _Hlk209677129]The monthly variation in fecundity of Heterotis niloticus species in Epie Creek is displayed in Table 2 below. The highest mean value of 1.90±0.14 for the egg sac weight was reported in June, followed by 2.27±0.35 in April, and 2.55±0.52 in March. A mean of 7.00±1.41 was obtained for the total weight of the egg with the sac in June, followed by 11.80±3.82 in April, and a maximum of 14.20±3.58 in May.
[bookmark: _Hlk209677372]The total number of eggs in a gram had a minimum mean value of 426.50±26.16 in June, a mean value of 633.70±216.6 in April, and a maximum mean value of 778.00±206.29 in May. The lowest mean value of the total number of eggs counted was 2151.00±733.98 in June, followed by 6666.11±4542 in April, and the highest mean value of 28003.00±37883.24 in January.
 The seasonal fecundity of Heterotis niloticus in Epie Creek is displayed in Table 3 below. During the dry season, the average weight of eggs with sac dropped from 13.06±4.44g during the rainy season to 7.00±1.41g. Between the rainy and dry seasons, the egg sac's weight dropped from 2.40±0.42g to 1.90±0.14g. In the rainy season, there were 703.57±245.89g of eggs per gram, but in the dry season, there were 426.50±26.16g. The overall number of eggs counted similarly showed a downward trend, going from 25464.79±46567.21g during the rainy season to 2151.00±733.98g during the dry season.
The total sex ratio of male to female (M: F) was 1:0.67, as shown in Table 4 below. Although the male was comparatively greater than the female, there was no significant difference (p>0.005). 
[bookmark: _Hlk209678415]The highest condition factor value was recorded in station 3 (3.5), followed by station 2 (3.2), while station 1 recorded the lowest value for condition factor (2.5). The highest condition factor value was recorded in the month of August, followed the month of September while the lowest condition factor value was recorded in the month of January.
3.2 Discussion
According to Hassan et al. (2020), fecundity is the total number of oocytes a brood fish can lay throughout a breeding time. Chen et al. (2022) defined fecundity as a fish's reproductive capacity and the number of offspring it can generate during a breeding cycle. 
Table 1 in this study shows that fecundity values were greater in station 1 than in station 3. But according to Hasan et al. (2020), Clupisoma garua fecundity in Bangladesh ranged from 6,159 to 22,166 eggs. These results were consistent with the study's findings, which showed that January had somewhat higher values (46,950 eggs) than February (28,003 eggs).
Fecundity, overall length, body weight, and ovarian weight are all related. According to a prior study by Borthakur (2018), an increase in the number of eggs was correlated with an increase in body weight, ovary weight, and overall length. In a previous research, Robert et al. (2024a) showed that the fecundity values for H. niloticus ranged from 2,151 to 46,950. Their investigation found that lower fecundity rates were caused by a drop in sGnRHa, which is necessary to increase catfish egg production. Additionally, according to Robert et al. (2024a), fish that get dosages of 0.5 to 0.8 ml/kg have success with fecundity.

Ikot et al. (2020) reported that fecundity of the H niloticus range produced 508 oocytes with a gonad weight of 5.7g, which is lower than the value that was reported in this study. This could be because the weight of the fish and gonads is higher than the value that was reported in this study. Monthly mean fecundity was lowest in June (3471±1194) and greatest in July (6167±704) and August (7468±178), respectively. These values are comparatively lower than the study's findings.	Comment by HP ELITEBOOK: Yours data collection is between January and June, but why report data for July and August? 
Please check and correct.
Given that H. niloticus spawns all year long, particularly during the rainy season, the peak mean value declines with the seasons, representing the spawning seasons and concurring with the findings of Ikot et al. (2020). 
The findings of Adite et al. (2006) are comparable to this. Generally speaking, the fertility of H. niloticus (African Bonytongue) is low in comparison to other fish species, such as Terapon jarbua, which produces 115,920 eggs (Nandikeswari et al., 2014).	Comment by HP ELITEBOOK: This fish spawns all year round with high peaks during the raining season but your period of work did not cover the peak of the raining season. Therefore, justify this statement, or re-write.
Pseudotolithus elongates laid 808,911 eggs (Ekanem et al., 2004); C.striata laid 79,436 eggs (Duong et al., 1997); Pomadasys commsersonni laid 214,510–1,421,520 eggs; P. jubelini laid 37,926 eggs; and C. gariepinus laid 15,667–650,625 eggs, with a fish size range of 39.5-82.5 cm (Abayomi and Arowomo 1996). 
Odier et al.'s (2023) observations of fecundity in Alwero Reservoir in Gambella, Ethiopia, showed that the species had medium fecundity, with an average of 19,698.5 eggs and a range of 10,430 to 28,967 eggs. Low fecundity traits are present in fish species with high parental care (Yirgaw et al., 2001).
Fecundity was shown to be significantly correlated (P<0.05) with both somatic weight and total length in this study. This shows that fecundity rises as H. niloticus weight and length increase, which is also consistent with Odier et al. (2023). King (1997) found that as fish body weight grew, so did the number of eggs they produced; however, Shinkafi (2011) found no significant relationship between fecundity and length. 
[bookmark: _Hlk209678553]When males predominated in the capture during the current investigation, the overall sex ratio and the sex ratio in size class > 90 cm TL were substantially different from 1:1. The size class > 90 cm TL had significantly more males than females, most likely because to the distinct growth rates of the sexes. The mating season is when H. niloticus grows at its fastest rate (Yosef Tekle-Giorgis, unpubl. data). One possible explanation for the females' slower growth is that comparatively more energy is being directed into gonad development (Willoughby and Tweddle, 1978).



Table 1: Fecundity parameters of Heterotis niloticus species across the stations in Epie Creek
	Parameters (HU)
	Station 1
	Station 2
	Station 3

	Total Weight (Egg with sac)
	13.65±4.85 a
	13.84±4.31 a
	9.63±2.29 b

	Sac (Weight of sac)
	2.44±0.46 a
	2.48±0.44 a
	2.11±0.14 b

	Total Number of Eggs in one Gram
	740.87±266.72 a
	729.00±236.06 a
	534.40±143.57 b

	Total quantity of eggs counted
	26486.87±55870.01
	35973.22±40063.94
	6891.98±8061.18


Means with different superscripts along same row are significantly different (p<0.05)

Table 2: Monthly variation in fecundity of Heterotis niloticus species across the stations in Epie Creek
	Months
	January
	February
	March
	April
	May
	June

	Total Weight (Egg with sack)
	13.03±4.24 a
	12.48±5.59 ab
	14.18±5.19 a
	11.80±3.82 ab
	[bookmark: _Hlk209457515]14.20±3.58 a
	7.00±1.41 b

	Sac (Weight of sac)
	2.39±0.39 ab
	2.37±0.49 ab
	2.55±0.52 a
	2.27±0.35 ab
	2.45±0.38 ab
	1.90±0.14 b

	Total Number of Eggs in one gram
	708.00±257.74 ab
	665.44±283.52 ab
	755.50±290.12 ab
	633.70±216.62 ab
	778.00±206.29 a
	426.50±26.16 b

	Total quantity of eggs counted
	[bookmark: _Hlk209456996]28003.00±37883.24
	46950.33±62734.13
	39347.88±72570.79
	[bookmark: _Hlk209456893]6666.11±4542.85
	8687.90±5789.78
	2151.00±733.98


Means with different superscripts along the same row are significantly different (p<0.05)
Table 3: Seasonal fecundity of Heterotis niloticus species across the seasons	in 	Epie Creek
	Parameters
	Wet season
	Dry season
	t-value
	p-value

	Total Weight (Egg with sac)
	13.06±4.44a
	7.00±1.41a
	1.908
	0.06

	Sac (Weight of sac)
	2.40±0.42a
	1.90±0.14a
	1.659
	0.10

	Total Number of Eggs in one gram
	703.57±245.89a
	426.50±26.16a
	1.576
	0.12

	Total quantity of eggs counted
	25464.79±46567.21a
	2151.00±733.98b
	0.70
	0.49


Means with different superscripts along the same row are significantly different (p<0.05)

Table 4: Number of males and females and the corresponding sex ratios of H. niloticus in 6 months from Epie Creek.

Month		Males		Females		Sex-ratio		Chi-square	
Jan			11		6			1:0.47			3.46*
February		4		10			1:1.08			1.21
March		9		7			1:0.32			1.97
April			10		9			1:0.89			4.13*
May			6		10			1:1.2	 		5.59*
June			11		6			1:0.90			1.95
Total			51		48			 1:0.67	          4.10* __________________________________________________________________   
 *, significant (P < 0.05), **, highly significant (P<0.01). 




Figure 2: Condition factor of Heterotis niloticus across the stations in Epie Creek	Comment by HP ELITEBOOK:  You have not captured this figure 2 in the text discription, so do that.




Figure 3: Condition factors of Heterotis niloticus across the months in Epie Creek	Comment by HP ELITEBOOK: Please do same as explained in figure 2



In terms of well-being, condition factor contrasts fish well-being with the theory that fish that are heavier for a given length are in better physiological condition than those that are less robust (LeCren, 1951; Bagenal and Tesch, 1978). Adeyemi et al. (2009) state that a fish is healthy if k≥1. Station 1 had the lowest condition factor value (2.5), while Station 3 had the greatest value (3.5), followed by Station 2 (3.2). August and September had the greatest and lowest condition factor values, respectively, while January had the lowest.
[bookmark: _Hlk209678958]According to Olanrewaju et al. (2021), the species Heterotis niloticus has a condition factor (K) value of 3.47. The findings show that the lake's fish species are thriving. This result is consistent with the study's findings, which were greater than the mean value (0.98) that Ezekiel and Abowei (2013) found for Heterotis niloticus in the Amassoma flood plain, Niger Delta, Nigeria. We may conclude that H. niloticus exhibits favorable environmental circumstances since it grows in weight more quickly relative to its length.
4. CONCLUSION
In addition to offering important insights into the fecundity and condition factor of Heterotis niloticus in Epie Creek, the study's findings have made it abundantly evident that the species' reproductive activity and condition factor vary significantly throughout the course of the year. These findings have also advanced our knowledge of the species' biology and ecological status in freshwater environments, the identification of the environmental elements influencing these seasonal fluctuations should be the main goal of future research.
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