



Seasonal Dynamics of Testosterone and Reproductive Physiology in Amur Common Carp (Cyprinus carpio haematopterus)


Abstract

The steroid hormone testosterone plays a central role in the reproductive physiology of fish, regulating gamete maturation, spermatogenesis, secondary sexual characteristics, and spawning. Although seasonal variations in sex steroids have been documented in several fish species, information on the Amur common carp (Cyprinus carpio haematopterus), an economically important species in freshwater aquaculture, remains limited. The present study investigated seasonal fluctuations in testosterone levels in the plasma and gonadal tissues of Amur carp broodstock of two age groups (what were the ages of the fish under investigation?) reared under pond culture conditions. Blood and gonadal samples were collected across the four seasons, and testosterone concentrations were quantified using reverse-phase high-performance liquid chromatography (RP-HPLC). Water quality parameters were monitored regularly, and the data were statistically analyzed using one-way ANOVA. The results revealed a distinct seasonal pattern in both age groups, with testosterone concentrations peaking in spring and reaching their lowest levels in autumn. Testosterone was also evident in females with males exhibitingMales exhibited consistently higher concentrations (Quote the concentration of testosterone in both males and females) than females). The presence of testosterone in females supports its role as a precursor of estrogen biosynthesis.; however, testosterone was also evident in females, supporting its role as a precursor of estrogen biosynthesis. The observed hormonal changes were closely correlated with gonadosomatic index (GSI) values and seasonal reproductive activity (what activities? Specify). Furthermore, older broodstock (2+ years)? demonstrated stronger hormonal responses and reproductive potential than younger fish (1+ year). These findings highlight spring as the optimal season for breeding and broodstock management of Amur carp and provide valuable insights for improving early breeding and seed production strategies in freshwater aquaculture.
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Introduction

The role of the steroid hormone testosterone in fish reproduction has been well- documented and extensively studied. This hormone exerts its influence on reproductive functions in fish through both direct and feedback mechanisms. The influence of hormones on fish reproductive functions through both direct and feedback mechanisms is well-documented in various studies. For instance, reproductive hormones such as steroids and prostaglandins play vital roles as endogenous signals between the reproductive tract and brain, as well as exogenous signals (hormonal pheromones) that synchronize gamete maturation and spawning interactions among fish (Stacey, 2003). Additionally, interactions between brain and gonadal steroids, notably estradiol and testosterone, also influence reproductive behavior in fish, with these hormones acting through feedback mechanisms that modulate olfactory mechanisms and brain activity related to reproductive behaviors (Demski & Hornby, 1982). These studies underline the complexity of hormone action in fish reproduction, encompassing both direct effects and intricate feedback processes. Androgenic hormone testosterone forms an important sexual hormone of fish irrespective of sexes and plays an important role in maturation of gametes, process of spermatogenesis, and initiation of secondary sexual characteristics and onset of reproduction. The association of changes in sex steroids with the seasonal reproductive cycle in various fish species has been documented in literature. Studies on brown bullhead catfish (Ictalurus nebulosus) have demonstrated seasonal variations in plasma testosterone and estradiol-17β levels which align with changes in the gonado-somatic index (GSI) throughout the reproductive cycle (Rosenblum et al., 1987). Additionally, climatic and environmental factors, including temperature and rainfall, play crucial roles in regulating the reproductive cycles and gonadal maturation in species like the spotted snakehead (Channa punctata) (Karnatak et al., 2018). While these associations have been studied in several species, the specific role of testosterone in the Amur common carp has not been well-documented, indicating an area for future research. This widely cultured and highly potential family of carps holds an important place in composite culture and overall production and productivity of freshwater aquaculture thus encouraging an understanding the physiological reproductive behavior is needed. (REPHRASE THIS SENTENCE; POSSIBLY BREAK IT INTO TWO FOR CLARITY) The study of theits hormonal behavior of the Amur common carp acrossthroughout the seasons and its effect on sex and age of the species will definitely help in catering for a good seed production programme.

Materials and Methods 

Amur common carp (Cyprinus carpio haematopterus) were sorted (what did this involve?) and cultured (what did this involve?)s in earthen ponds for subsequent seasonal sampling and analysis. Proper feeding and water management practice were conducted. (This is vague: state what proper feeding and water management entailed). Seasonal samplings (how many samplings per season?) from two ponds of different age groups (state the age of the fish in each of the ponds) were carried out where blood samples are drawn from live fish as per standard protocol. Water parameters were recorded on weekly basis throughout the seasons which include temperature, TDS, pH, DO, free CO2 using digital and titrimetric method (APHA, 1992). The measurement of testosterone (T) in blood plasma was determined using reverse-phase high-performance liquid chromatography (RP-HPLC). (ref). 
Where are the GSI readings?

[bookmark: _Toc256000004]Statistical Analysis

Data were statistically evaluated using one-way analysis of variance (ANOVA). Statistical significance was set at p < 0.05. The results are presented as mean±SEM.

[bookmark: _Toc256000005]Results and Discussion

The plasma testosterone concentrations and the gonadal tissue testosterone observed across all seasons of Amur common carp of different age groups were illustrated in table 1 and 2. The findings revealed that both the age groups followeds similar hormonal pattern; reaching the maximum level during spring season. The findings regarding hormonal patterns in Amur common carp showing peaks in the spring (refer or show results here) are reported in studies of other species and contexts. (wrong statement) instead write this way: ..ARE SIMILAR TO THOSE REPORTED IN …..(specify the species and refer to the researcher or author of the article in reference). Research has shown significant seasonal variations in testosterone levels and their effects on the gonado-somatic index (GSI) in fish. For instance, studies on the winter flounder (Pleuronectes americanus) detailed how testosterone levels peak along with GSI values during pre-spawning phases in the spring, indicating heightened reproductive activity (Harmin et al., 1995). Furthermore, Sclater's barbel (Barbus sclateri), another freshwater fish, displays a similar pattern with peak GSI and somatic energy content during spring, associated with high reproductive effort and increased testosterone levels (Encina & Granado-Lorencio, 1997; Basal et al., 2016). Such seasonal hormonal changes underline the critical role of testosterone in regulating reproductive cycles in fish, emphasizing spring as a pivotal period for reproductive activity. Significant difference were statistically analyses in both the age groups across seasons and sample (plasma and gonadal tissue) and as found in other fish and animal kingdom, the male dominated the testosterone concentration. (quoteyour readings here) However, testosterone in females was also present and found to persist in seasonal pattern and behaves like the male counterpart (wrong phrase) but in lower concentration (quote your readings here). This indicates the importance of testosterone in female as a precursor for female sex hormones (ref). The level of testosterone concentration found in both the sexes highly corresponds to the GSI of both the sexes which correlated with the seasonal pattern of their breeding behavior.??? Studies on various fish species reveal similar findings regarding testosterone levels and their correlation with the GSI and reproductive cycles.(ref) In brown bullhead catfish, Ictalurus nebulosus, plasma testosterone and estradiol-17β levels in females increased in parallel with GSI during the spring, indicating the hormone's role as a precursor for other sex steroids and its association with reproductive readiness (Rosenblum et al., 1987; Ergadon et al., 2002). Similarly, in the winter flounder, Pleuronectes americanus, plasma testosterone levels in both males and females were linked to peak GSI values during the reproductive season, highlighting the hormone's importance in supporting seasonal breeding behavior (Harmin et al., 1995; Pinillos et al., 2003; Pellegrini et al;., 2005). These studies underscore the significance of testosterone in both sexes of fish as a precursor hormone and its synchrony with reproductive cycles, corroborating the patterns observed in Amur common carp. These indicators (viz;z, season, GSI, age) are directly correlated to each other. Similar findings were recorded and reported by (Roy et al. (2001) from catfish testosterone level during the annual reproductive behavior and by Rinchard et al., (1993) in Gobio gobio, Tan-Fermin et al., (1997) in Clarias microcephalus, and Adebiyi et al., (2013) in H (write in full). nemurus. Since on site biosynthesis of any hormone or chemical will be circulated to the target organ via bloodstream, the level of observations during the study in plasma and gonadal samples correlating with seasonal high GSI level indicates their significant attributes of these parameters and their role in maturing gonads and offspring production. These pattern of elevated testosterone during spawning supplemented by higher GSI value were earlier reported by Fostier et al., (2000) and Assem et al., (2016); in Dentex dentex and Barannikova et al., (2004) in sturgeon. These studies underscore the significance of testosterone in both sexes of fish as a precursor hormone and its synchrony with reproductive cycles, corroborating the patterns observed in Amur common carp. This sentence is repeated above, check.

Table.1 Testosterone (gonad) concentration 
	Age

	Summer

	Autumn

	Winter

	Spring


	Older Male

	3.70±0.02

	2.09±0.02

	2.85±0.02

	3.92±0.02


	Older Female

	2.10±0.04

	0.96±0.02

	1.66±0.03

	4.85±0.06


	Younger Male

	2.52±0.06

	1.58±0.03

	1.93±0.04

	3.25±0.08


	Younger Female

	1.89±0.04

	0.46±0.02

	1.09±0.03

	2.81±0.07




Table.2 Testosterone (plasma) concentration 
	Age

	Summer

	Autumn

	Winter

	Spring


	Older Male

	3.76±0.02

	1.79±0.02

	2.43±0.03

	4.20±0.06


	Older Female

	1.87±0.03

	1.07±0.02

	1.54±0.03

	2.40±0.03


	Younger Male

	3.25±0.01

	1.59±0.02

	1.92±0.02

	3.77±0.06


	Younger Female

	1.24±0.02

	0.85±0.02

	1.12±0.04

	2.17±0.02



NOTE FOR TABLES 1 AND 2: Older/younger is not Age of fish. Be specific.
The study suggests that spring season like any other fish species is the optimal season for the breeding and offspring production of Amur common carp. The changes in hormone concentration throughout various seasons, which peak in spring and are followed by summer, appear to be associated with enhanced gonadal development and an increased likelihood of spawning under favorable environmental conditions. The GSI, a crucial measure of reproductive investment, fluctuates with the seasons, indicating varying reproductive readiness in response to environmental cues. In male common carp, testosterone levels increase in parallel with gonadal maturation, particularly during the spawning season. This correlation underscores the role of testosterone as a vital androgen for spermatogenesis and overall reproductive activity (Saha et al., 2002; Sisneros et al., 2004; Segner et al., 2017).Throughout the reproductive cycle, the GSI exhibits marked seasonal variations, reaching its peak during the pre-spawning phase. This rise is linked to enhanced testosterone levels, which signal the reproductive system to prepare for the breeding season. High GSI values preceding the spawning period suggest increased gonadal mass as the fish allocate resources towards reproductive tissues, facilitated by elevated androgen concentrations (Kagawa et al., 1983). Environmental parameters, such as temperature, play a significant role in these processes. In optimal conditions, testosterone levels and the GSI rise concordantly, promoting effective reproductive cycles (Patiño et al., 2003). In summary, the coordination of seasonal GSI variations and testosterone levels in Aamur common carp illustrates the intricate balance between endogenous hormonal regulation and exogenous environmental factors. Successfully navigating these influences is crucial for optimizing reproductive success and ensuring the species' survival. This study may inform future research initiatives aimed at facilitating early breeding and seed production programmes and strongly indicates that selection of matured and older brooders are more successful as compared to younger age groups in every aspect of hormonal discharge and can significantly contribute to the outcome of any breeding programme. This statement should be supported by data within the results on the specific age of the experimental fish rather than making reference to  matured/older or younger fish.
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