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Figure 3.1. Illuminated view of the female (A) and male (B) gonads shape with backlighting from a torch. 

3.2.3 Tissue extraction  

The fish were placed one by one into a 10 L aerated saltwater bath of 2-phenoxyethanol (0.6 ml 

L⁻¹) and heavily sedated. The fish were then euthanised by rapid decapitation using a sharp knife. 

The brain, hypothalamus, pituitary, and a section of gonadal tissues were dissected from each fish. 

Each tissue sample was placed into separate 1.5 mL centrifuge tubes with RNAlater® (Thermo 

Fisher, USA). The tissues were stored in the refrigerator at 4°C until transported on dry ice (-80°C) 

to the -80°C freezer, ready for RNA extraction and qPCR analysis.  

3.2.4 Oocyte staging 

The oocytes used in this analysis were staged based on fresh and histologically fixed oocyte data 

from Ellis-Smith (2022), using oocyte size and key features such as opacity/translucency, presence 
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of yolk granules, occurrence/size of lipid droplets, as well as the position of the germinal vesicle. 

The ovarian developmental stages were determined according to these described characteristics of 

the leading oocyte cohort. This allowed ovarian development to be classified into the following 

categories: previtellogenic (PVO), vitellogenic (Vit), early maturation (EM), and germinal vesicle 

migration (GVM) (Figure 3.4). The leading cohort of oocytes represented the most 

developmentally advanced group present in the ovaries. 

3.2.5 Oocyte measurement  

After each ovarian biopsy, a sample of each female’s ovaries was dispersed in a Petri dish, and 

Serra’s clearing solution was added. Oocytes were assessed using an Olympus SZ61 stereo 

microscope, and images of multiple oocytes were captured from each sample with the aim of 

identifying 50 oocytes per sample. Each sample was paired with an image of a 2.0 mm micrometre 

slide at the same magnification. Oocyte diameters were measured using ImageJ software. The 

image of the micrometre slide was used to calibrate the measurements on ImageJ, where two 

perpendicular measurements of each oocyte were taken. The average of these two measurements 

determined the diameter of each oocyte. The majority of fish had between 32 and 68 individual 

oocytes, except for three individuals that had fewer than 20. All oocytes were measured to ensure 

a representative sample of oocyte diameters was established.   

3.2.6 RNA analysis  

All pituitaries used for the analysis in this chapter underwent identical procedures for preparation, 

extraction, synthesis, and qPCR as outlined in Chapter 2. For more detailed information, refer to 

Chapter 2, Methods 2.2.2: RNA extraction and quality to 2.2.5: Quantitative PCR (qPCR). 

3.2.7 Statistical analysis 

Gonadotropin beta expression (lhβ & fshβ) was compared to the controls following GnRHa 

treatment using two-sample t-tests. Statistical significance was set at p < 0.05 for all analyses. 

  



32 
 

3.3 Results  

3.3.1 Fish survival and condition 

All female yellowbelly flounders exhibited macroscopic signs of active oogenesis. This conclusion 

was based on the visible outline of the upper ovary, which was at least slightly raised above the 

abdominal cavity (Figure 3.2). 

 

Each fish was weighed on day 0 before being randomly assigned to a treatment group. There were 

no significant weight differences between groups (ANOVA, p = 0.56). The largest individual 

weighed 580 grams, while the smallest weighed 245 grams. The highest mean weight was found 

in the 100 µg/kg GnRHa treatment group (400.5 g), and the lowest mean weight was observed in 

the 50 µg/kg GnRHa treatment group (317.5 g) (Table 3.1).   

 

Four flounders died during the experiment. One pituitary sample (sample 35, control) was 

excluded from analysis due to insufficient RNA quality, leaving 35 pituitary samples for analysis. 
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Figure 3.2. The dorsal (A) and lateral (B) views of the female oocyte shape with backlighting from a torch. 

 
Table 3.1. Average body weight of female yellowbelly flounder on day 0, prior to treatment. 

Treatment  Number of female flounder  Body weight (g)  
Control  10  389.5 ± 63.1  
25 µg/kg of GnRHa  10  322 ± 54.8  
50 µg/kg of GnRHa  10  317.5 ± 73.3  
100 µg/kg of GnRHa  10  400.5 ± 83.7  

3.3.2 Oocyte staging against treatment  

Of the 35 female yellowbelly flounder, 15 (42.86%) reached oocyte maturity, defined as final 

oocyte maturation (FOM) or beyond. Among the 15 individuals that reached oocyte maturity, two 

were controls, five were from the 25 µg/kg treatment group, three were from the 50 µg/kg 
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treatment group, and five were from the 100 µg/kg treatment group (Figure 3.3). Additionally, 14 

flounders reached early maturation (C, Figure 3.4). This indicates that 80.6% of female flounder 

reached either maturity or early maturation five days after GnRHa administration.   

 

 
Figure 3.3. Number of female yellowbelly flounder (n = 15) reaching oocyte maturity in each treatment group. 
Percentages are shown above each bar. 
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Figure 3.4. Developmental stages of fresh oocytes from adult yellowbelly flounder. (A) previtellogenic (PVO), (B) 
vitellogenic (Vit), (C) early maturation (EM), and (D) germinal vesicle migration (GVM). 

3.3.3 Follicle-stimulating hormone beta (fshβ) expression  

There were no significant differences in follicle-stimulating hormone beta (fshβ) expression on 

day 1 or day 5 in any of the treatments compared to the controls. Although no significant results 

were observed, a trend of increased expression was observed in the 25 µg/kg treatment, with a 0.5-

fold increase relative to the control on day 5. When comparing fshβ expression between day 1 and 

day 5 within the 25 µg/kg treatment, there was a 0.75-fold increase (Figure 3.5). Interestingly, 

fshβ expression levels in the 50 µg/kg treatment were the only treatment higher than the control, 
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showing a 0.45-fold greater expression on day 1 (Figure 3.5). However, by day 5, fshβ expression 

had decreased to 1.125, returning to levels similar to the control (1). Notably, a trend of decreased 

pituitary fshβ expression was observed in the 100 µg/kg treatment compared to the controls on 

both day 1 (0.75-fold) and day 5 (0.45-fold). 

  

 
Figure 3.5. Mean normalised fold change of follicle-stimulating hormone (fshβ) for each GnRHa treatment 
concentration (Control, 25 µg/kg, 50 µg/kg, 100 µg/kg) and days post-injection (D1; Day 1, D5; Day 5). Error bars 
indicate standard error. The sample size (n) for each treatment is shown in parentheses above each bar.  

3.3.4 Luteinising hormone beta (lhβ) expression  

There were no significant differences in luteinising hormone beta (lhβ) expression on day 1 or day 

5 in any of the treatments when compared to the controls. Although no significant results were 

observed, a trend of increasing expression was noted in the 25 µg/kg (0.65-fold) and 50 µg/kg 

(0.5-fold) treatments compared to the control on day 5 (Figure 3.6). The expression of lhβ from 

day 1 to day 5 showed an increasing trend in the 25 µg/kg (0.9-fold) and 50 µg/kg (0.5-fold) 

treatments (Figure 3.6). On day 1 post-injection, lhβ expression in the 25 µg/kg and 50 µg/kg 

treatments was similar to that in the controls. Interestingly, a trend of decreased pituitary lhβ 
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expression was observed in the 100 µg/kg treatment group compared to the control on both day 1 

(0.85-fold) and day 5 (0.5-fold). However, lhβ expression in the 100 µg/kg treatment group 

increased on day 5 compared to day 1, although it remained desensitised relative to the control. 

  

 
Figure  3.6. Mean normalised fold change of luteinising hormone (lhβ) for each GnRHa treatment concentration 
(Control, 25 µg/kg, 50 µg/kg, 100 µg/kg) and days post-injection (D1; Day 1, D5; Day 5) is presented. Error bars 
indicate standard error. The sample size (n) for each treatment is shown in parentheses above each bar. 

3.4 Discussion  

3.4.1 Introduction  

This study aimed to examine how GnRHa influences pituitary gonadotropin beta expression (fshβ 

and lhβ) and oocyte maturation in female yellowbelly flounder (Rhombosolea leporina). With the 

view to informing optimal protocols for inducing final oocyte maturation (FOM) and ovulation in 

this potential aquaculture species. Currently, a substantial amount of research has been conducted 

on GnRHa administration in multiple flatfish species globally; however, very little research has 

been conducted on yellowbelly flounder with a view to their aquaculture potential.   
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3.4.2 Pituitary luteinising hormone beta (lhβ) expression in response to 
GnRHa treatment  

Treatment with GnRHa was associated with the highest number of fish entering final oocyte 

maturation, alongside elevated pituitary gonadotropin beta expression levels compared to controls, 

although these trends were not statistically significant. Despite individual variability and the lack 

of statistical significance, lhβ expression levels in both the 25 µg/kg and 50 µg/kg GnRHa 

treatment groups exhibited an upward trend between day 1 and day 5. These two treatment groups 

together accounted for 53.3% of the mature oocyte cohorts. Considering GnRHa treatments alone, 

GnRHa was shown to promote significant oocyte growth, with 48% of oocytes reaching maturity 

and 85% reaching the early migratory (EM) stage. Similarly, various exogenous hormonal 

treatments in greenback flounder (Rhombosolea tapirina) led to substantial oocyte development, 

advancing vitellogenic oocytes through to the hydration stage (Poortenaar & Pankhurst, 2000). 

The observed rise in lhβ, and consequently the production of E2, T, and 17α,20β-DP, is critical for 

driving oocyte growth and plays a key role in enabling oocytes to reach full maturity. The observed 

trend of increasing gonadotropin expression aligns with findings from other studies, which show 

that the rise in both total gonadotropin and gonadotropin beta expression following GnRHa 

administration can be rapid and pronounced, depending on the species. For instance, female 

gilthead seabream (Sparus aurata), which exhibit asynchronous ovarian development, showed 

increased lhβ expression levels between 12 and 8 hours before spawning, with levels remaining 

high up to 8 hours before and persisting until 4 hours after spawning (Gothilf et al., 1997). 

Similarly, Mateos et al. (2002) found that in Mediterranean sea bass (Dicentrarchus labrax), 

administration of GnRHa significantly elevated LH expression within 3 hours after injection, and 

lhβ expression increased twofold after GnRHa injection compared to sham-injected fish. 

Furthermore, Mylonas et al. (1997e) demonstrated that LH expression rose soon after GnRHa 

injection and remained elevated until GnRHa was cleared from the system within striped bass 

(Morone saxatilis). Although lhβ expression data in the current study are limited to day 5, due to 

all fish being euthanised at that time point, the observed upward trend suggests that lhβ expression 

may have continued to rise beyond day 5, potentially reaching a higher, yet undetermined, peak, 

as some oocyte cohorts had not yet reached FOM. However, it cannot be ruled out that peak lhβ 

expression may have already occurred during FOM between day 1 and day 5. Fish were also 

visually assessed daily for any obvious abdominal swelling throughout this period. Studies in 
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teleost species have shown that peak lhβ expression can occur between 6 and 24 hours following 

peak GnRH stimulation within the HPG axis (Mylonas & Zohar, 2000; Chi et al., 2015; Ma et al., 

2020). Despite the variability, these findings support the idea that exogenous GnRHa promotes 

oocyte maturation through the upregulation of gonadotropins in yellowbelly flounder.  

 

Yellowbelly flounder treated with 100 µg/kg of GnRHa indicated an unexpected and possible 

novel downregulation of pituitary gonadotropin beta expression. Specifically, levels of lhβ and 

fshβ expression decreased by an average of 0.9-fold and 0.7-fold, respectively, compared to the 

control group one day post-injection. Interestingly, this apparent downregulation of gonadotropin 

expression did not appear to inhibit oocyte maturation, with 90% of individuals in this treatment 

reaching FOM. Nonetheless, this result suggests that higher concentrations (e.g. 100 µg/kg in 

yellowbelly flounder), GnRHa may exert an inhibitory effect on gonadotropin expression in some 

species. Similar results have been documented in goldfish (Carassius auratus) (Habibi, 1991) and 

Mediterranean sea bass (Dicentrarchus labrax) (Mateos et al., 2002), where the administration of 

high GnRHa doses led to desensitisation of gonadotropins and suppression of pituitary activity. 

This highlights the importance of optimising GnRHa dosage for each species to ensure treatment 

efficacy (Barnett & Pankhurst, 1999). For instance, the recommended dosage for North Sea plaice 

(Pleuronectes platessa) is 50 µg/kg (Scott et al., 1999), whereas for turbot (Scophthalmus 

maximus), the dosage is 25 µg/kg (Mugnier et al., 2000). In addition to dosage, the delivery method 

for administering GnRH is also crucial for achieving the optimal effect in a study. Various delivery 

methods are available, including intramuscular injection, implants, microspheres, and monolithic 

implants (Zohar & Mylonas, 2001). Each method is chosen based on the study's objectives. For 

instance, while injections provide an immediate but short-lived release of GnRHa, sustained-

release implants can extend hormone delivery for up to eight weeks (Zohar & Mylonas, 2001). 

Studies have shown that plasma GnRHa levels vary in duration across species and administration 

methods. In winter flounder (Pseudopleuronectes americanus), levels peaked at 4 hours and 

declined by 24 hours post-injection (Harmin & Crim, 1993), while in Senegalese sole, GnRHa 

remained detectable up to 3 days post-injection and up to 21 days with implants (Guzmán et al., 

2009). In Atlantic halibut (Hippoglossus hippoglossus), implant administration led to peak levels 

by day 6, which remained elevated for 30 days (Vermeirssen et al., 2000). It is crucial to determine 
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the optimal dosage and method of hormone administration based on the specific research objective 

and species.  

 

At five days post-injection, the 100 µg/kg treatment group had the lowest lhβ and fshβ expression 

levels. While these values were not statistically different to those of the other treatments, the 

observable trend reflects observations in Ellis-Smith's (2022) study. Her work found that 

yellowbelly flounder treated with 100 µg/kg GnRHa resulted in delayed ovulation latency 

compared to 50 µg/kg (28 days post-injection compared to 3-5 days, respectively). The results 

from both the present study and that of Ellis-Smith (2022) suggest that the 100 µg/kg dose would 

not be optimal for inducing FOM in this species within a short time frame. This could relate to the 

possible desensitisation of the gonadotrope cells in response to GnRHa overstimulation. It should 

be noted, however, that this is a correlative observation, and other explanations cannot be ruled 

out. For example, it is possible that elevated GnRHa dosage may inhibit pituitary release of the 

native LH hormone. Regardless, based on the current results and those of Ellis-Smith (2022), lower 

GnRHa doses in the range of 25 µg/kg to 50 µg/kg may be more physiologically suitable for 

inducing reproduction in this species.  

3.4.3 Pituitary follicle-stimulating hormone beta (fshβ) expression in response 
to GnRHa  

GnRHa treatment was associated with pituitary fshβ expression being highly variable throughout 

the treatment groups, with only fish being treated with 25 µg/kg showing an observable, but not 

significant increase. The administration of GnRHa primarily stimulates the production and release 

of LH from the pituitary gland in teleost species. Although it also induces FSH production, the 

effects of GnRHa are typically more pronounced on LH secretion, reflecting the hormone's 

stronger influence on LH synthesis and release (Mylonas et al., 2010). Studies on the endocrine 

system indicate that high concentrations of GnRH within the system predominantly favour lhβ 

expression (Stamatiades & Kaiser, 2018), whereas lower concentrations tend to favour fshβ 

expression (Haisenleder et al., 1991). Nonetheless, the production of FSH is regulated by 

hypothalamic GnRH. In salmonids, both FSH and LH are present at different stages throughout 

oogenesis. FSH is active during vitellogenesis, stimulating E2 production before declining at the 

end of vitellogenesis, and LH levels begin to increase (Swanson, 1991). Multiple studies on 

gilthead seabream (Sparus aurata) have shown that both FSH and LH were found within the 
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pituitary during the spawning season, and that both may act concurrently in processes like E2 

production (Gothilf et al., 1997; Elizur et al., 1996). Yellowbelly flounder, like gilthead seabream, 

are batch spawners, releasing eggs over successive periods throughout the reproductive season. It 

is plausible that the variable pituitary fshβ and lhβ expression observed in all treatment groups 

following GnRHa treatment reflects that concurrent gonadotropin action is required to coordinate 

oocyte growth in this species. This presumably reflects the complexity of producing multiple 

cohorts of oocytes at different developmental stages, as seen in fish with multiple-batch group 

synchronous ovarian development. However, it should be noted that variability within the data 

could at least in part relate to limited sample size, where a single high value from one fish can 

skew results. 

 

Each teleost species exhibits a different relationship between gonadotropin levels and GnRHa 

administration. It must also be considered that, even when changes in gonadotropin expression are 

observed, these results cannot be directly interpreted as reflecting actual hormone concentrations 

in the system. There is limited data on fshβ expression and plasma FSH concentrations in response 

to GnRHa administration. Typically, these studies indicate that GnRHa elicits a lower response in 

both fshβ expression and plasma FSH compared to lhβ expression and plasma LH. This has been 

observed in teleosts such as Mediterranean Sea bass (Dicentrarchus labrax) (Mateos et al., 2002), 

where LH expression significantly increased after GnRHa administration, but FSH showed no 

response to the exogenous GnRHa treatment. Similarly, in female greater amberjack (Seriola 

dumerili), FSH levels remained unchanged during the experiment, while LH significantly rose 

(Nyuji et al., 2019). Likewise, in red seabream (Okuzawa et al., 2016), no significant change in 

FSH expression was observed, whereas LH levels increased in both the pituitary and 

plasma. GnRH/a treatment elicits a similar response across species, though species-specific 

differences exist. In tilapia (Oreochromis), plasma FSH levels increased significantly following 

exogenous treatment, exceeding control levels. FSH expression closely mirrored LH expression, 

differing only marginally (Aizen et al., 2007). This variation highlights the complexity of 

reproductive regulation. In contrast, zebrafish (Danio rerio) primarily secrete LH in response to 

GnRH, while FSH activation occurs via a separate pathway involving cholecystokinin (CCK) 

rather than GnRH (Cohen et al., 2024). Although these studies highlight that GnRHa treatment 

tends to reliably stimulate plasma LH concentrations across teleost species, plasma FSH 
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concentrations are far more variable, illustrating the need to better understand species-specific 

gonadotropin expression during GnRHa administration and reproductive induction protocols. 

3.4.4 Environmental influences on yellowbelly flounder reproduction 

Temperature plays a crucial role throughout the spawning process, acting as an environmental cue 

that regulates reproduction. Before spawning, it stimulates hormone production, driving oocyte 

maturation (Watanabe et al., 1998). During spawning, optimal temperatures enhance fertilisation 

and synchronise spawning events for larval survival. After spawning, temperature influences 

embryo development, hatching success, and larval sex determination (Munro et al., 1990; Goto et 

al., 1999). Ovulated wild yellowbelly flounder can be found as early as June, and typically peak 

spawning September through to December (Colman, 1973), when average water temperatures 

(14°C) are at their coolest. In the current study, unseasonal temperature spikes in the experimental 

facility exposed the flounder to 19–20°C throughout the September study, about 4–5°C higher than 

the average coastal sea temperature of 14.5°C. Anomalous water temperatures can hinder 

ovulation in captive teleosts. Studies have shown elevated temperatures reduce gonad size in 

species like Atlantic salmon (Salmo salar), red seabream, and blue gourami (Trichopodus 

trichopterus) (Pankhurst et al., 2011; Okuzawa & Gen, 2013; David & Degani, 2011). Higher 

temperatures have been associated with temperature shock and stress, which can lead to atresia 

within the gonads (Corriero et al., 2021). A study on captive grey mullet (Mugil cephalus L.) 

demonstrated that elevated temperatures from 21°C to 26°C were linked to increased rates of 

oocyte atresia (Kuo et al., 1974). Similarly, a study on captive white sturgeon (Acipenser 

transmontanus) exposed to temperatures ≥ 18°C, compared to the typical seasonal temperature 

range of 10–16°C, observed ovarian atresia following the arrest of GVM (Linares-Casenave, 

2001). Yellowbelly flounder naturally spawn during cooler water temperatures. The increase in 

temperature (4–5°C) within the experimental tanks is likely to have elevated stress and could have 

impacted the results. This may explain the 22% of ovarian samples showing evidence of atresia 

and the lack of ovulation observed during the study. 

 

Despite several fish undergoing FOM, there was no evidence of ovulation. Previous work has 

indicated that female yellowbelly flounder are particularly prone to capture and disturbance-related 

stress, showing slow recovery periods which result in a failure to complete FOM and spawn (Ellis-
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Smith 2022). Typically, after GnRHa administration, gonadotropin levels increase as GnRHa 

binds to receptors on the gonadotrope cells in the pituitary, to stimulate their release into the 

bloodstream (Mylonas & Zohar, 2009). This surge in gonadotropins promotes oocyte maturation 

and ovulation, ultimately leading to spawning. However, achieving successful spawning in 

captivity remains one of the primary challenges in aquaculture. Spawning success in captive 

broodstock is generally higher in subsequent generations, as they are better adapted to the 

controlled environment and artificial conditions (Pankhurst & Fitzgibbon, 2006). Wild-caught 

greenback flounder have shown significant increases in cortisol levels following capture, 

confinement, and transport. In contrast, cultured fish exposed to routine husbandry conditions 

exhibited low cortisol levels. However, fish held at medium to high stocking densities and 

subjected to five minutes of simulated grading displayed significantly elevated cortisol levels for 

up to 48 hours (Barnett & Pankhurst, 1998). This highlights the relevance to the current study, as 

it underscores the importance of managing stress, particularly in a short-duration study where 

elevated stress levels can influence the outcome. 

 

Yellowbelly flounder are known to migrate to depths of 12–30 m for successful courtship and 

spawning (Colman, 1973), which may contribute to difficulties in replicating optimal conditions 

in captivity. Courtship and spawning behaviours have been observed in captive greenback flounder 

and southern flounder (Paralichthys lethostigma), where the male aligns his genital pore with the 

female’s while swimming alongside her. The male then guides the female to the surface, where 

both release sperm and eggs simultaneously (Pankhurst & Fitzgibbon, 2006; Smith et al., 1999). 

Similarly, species such as the mangrove red snapper (Lutjanus argentimaculatus) (Emata, 2003) 

and gilthead seabream (Morretti, 1999) require a 2:1 sex ratio (two males to one female) to initiate 

successful spawning, even with luteinising hormone-releasing hormone analogue (LHRHa) 

administration. Managing the tank environment to encourage natural courtship and spawning is a 

challenging task. Future research should focus on replicating a more natural spawning environment 

in tank conditions, as GnRHa administration alone may not be sufficient to induce spawning in all 

species, including yellowbelly flounder. 

 

The latency, or time to ovulation and ultimately spawning following GnRHa administration, varies 

among flatfish species but generally occurs within a week post-injection. For instance, a similar 
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experiment conducted on female yellowbelly flounder by Ellis-Smith (2022) found that fish 

injected with 50 µg/kg of GnRHa ovulated within 3 to 5 days post-injection. Comparing these 

results to other species within the Rhombosolea genus, greenback flounder administered LHRHa 

(50 µg/kg) ovulated between 1 to 7 days after administration (Poortenaar & Pankhurst, 2000; 

Poortenaar, 1998). Similarly, flatfish species within the Pleuronectiformes order, such as 

Senegalese sole, spawned 3 to 4 days post-injection when administered GnRHa (1 or 5 µg/kg) 

(Agulleiro et al., 2006). Similarly, yellowtail flounder treated with either a GnRHa pellet (100 

µg/kg) or microspheres (75 µg/kg) spawned 4 to 15 days post-injection (Larsson et al., 1997). 

These findings suggest that the response to GnRHa treatment is broadly consistent across flatfish 

species, inducing spawning within a week post-injection. However, slight variations exist between 

species, dosage, and method of administration.  
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Chapter 4 - General discussion  

4.1 Introduction  

The primary objectives of this study were to better understand the characterisation of pituitary 

gonadotropin expression through their beta subunit in relation to oocyte development, as well as 

the effect of GnRHa on this system in wild-caught yellowbelly flounder (Rhombosolea leporina). 

While research has been conducted on gonadotropin expression in aquaculture within the 

Pleuronectiformes order, little attention has been given to yellowbelly flounder, particularly 

regarding the reproductive stages and the effects of GnRHa administration. An aquaculture 

industry for yellowbelly flounder would heavily depend on wild broodstock initially, and future 

selective breeding programs would also be required to add fresh genes from the wild gene pool. 

For a truly successful and sustainable industry, the development of subsequent generations beyond 

wild-caught individuals is necessary to establish a successful industry in New Zealand.  

4.1.1 Gonadotropin expression in multiple-batch group synchronous ovarian 
development 

Both lhβ and fshβ expression in female yellowbelly flounder followed an expected increasing trend 

as oocytes matured through oogenesis, aligning with patterns reported in the literature. However, 

an unexpected observation was that peak fshβ expression occurred in the maturational stage of 

fish, and relative expression levels exceeded those of lhβ. Classical salmonid models suggest that 

GnRH secretion from the pituitary stimulates FSH expression during the early stages of oogenesis 

(previtellogenesis and vitellogenesis), while LH dominates during final maturation and spawning. 

This is also reflected in pituitary gonadotropin expression data (Taranger et al. 2015). However, 

studies in fish with multiple-batch group synchronous ovarian development suggest that co-

expression of pituitary fshβ and lhβ may be necessary to support the spawning of multiple egg 

batches (Gothilf et al. 1997; Kajimura et al. 2001). Yellowbelly flounder also exhibit multiple-

batch group synchronous ovarian development, suggesting that the pituitary gonadotropin 

expression patterns observed in this study largely reflect that of other similar species, including 

flatfish (Shi et al., 2015; Pham et al., 2008; Kajimura et al., 2001). Further research is required to 

fully characterise the gonadotropic system within this species, to better understand how it regulates 

ovarian development and spawning. 
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4.1.2 Optimising GnRHa treatments in yellowbelly flounder  

Following GnRHa administration, expression of both fshβ and lhβ increased as expected in both 

the 25 µg/kg and 50 µg/kg treatment groups between days 1 and 5. However, fish treated with 100 

µg/kg of GnRHa showed much lower expression of both lhβ and fshβ from days 1 to 5 compared 

with the controls. This may reflect a possible desensitisation of the pituitary gonadotrope cells; a 

sudden high dose or continuous exposure to GnRHa can lead to desensitisation of the GnRH 

receptors (Neill, 2002). This phenomenon has also been documented in the pituitaries of both 

goldfish (Carassius auratus) and Mediterranean sea bass (Dicentrarchus labrax) (Habibi, 1991; 

Mateos et al., 2002). Previous work by Ellis-Smith (2022) on yellowbelly flounder using a 

sustained-release delivery vehicle concluded that multiple fish treated with 50 µg/kg of GnRHa 

ovulated within 3-5 days, whereas there was a delayed response in those treated with 100 µg/kg, 

which did not ovulate until 28 days post-injection. Moreover, in that study, only 22% of the 100 

µg/kg treated fish had ovaries with hydrated oocytes compared to 55% of the fish in the 50 µg/kg 

treatment group. This further supports the hypothesis that there may be a threshold above which 

GnRHa concentrations impact oocyte maturation in this species. Further exploration of the 

underlying mechanisms of this apparent effect is warranted. 

 

Optimising treatment, such as GnRHa dosage and delivery method, is a critical requirement in any 

induced spawning protocol. In this study, results showed that both 25 µg/kg and 50 µg/kg GnRHa 

treatments had a trend of increased lhβ and fshβ expression above control levels, whereas 100 

µg/kg of GnRHa showed a trend for decreased pituitary gonadotropin expression below that of the 

control. When taken into consideration with the results of Ellis-Smith (2022), this study hints at 

lower GnRHa doses being more suitable for inducing FOM in yellowbelly flounder. Similar 

studies in meagre (Argyrosomus regius) and spotted rose snapper (Lutjanus guttatus), show that 

too low concentrations of GnRHa result in reduced or absent spawning, while excessive volumes 

lead to desensitisation, diminished spawning, and reduced egg and larval quality (Fernandez-

Palacios et al., 2014; Ibarra-Castro & Duncan, 2007). Moreover, the type of GnRHa treatment 

influences hormonal expression dynamics. This study utilised a single injection to induce 

maturation over a 5-day period, during which all treatment groups responded to the GnRHa. 

Similar research in Senegalese sole (Solea senegalensis) showed that GnRHa was no longer 

detectable in the plasma at days 3, 7, and 14, depending on whether it was administered via single 
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injection, microspheres, or implant (Guzmán et al., 2009). Likewise, in female European sea bass 

(Dicentrarchus labrax), microspheres induced up to four separate spawning events during a 21-

day experimental period, while a single injection induced only one (Forniés et al., 2001). These 

findings demonstrate that both delivery method and dosage have a substantial impact on study 

outcomes, highlighting the need for further optimisation to develop a robust protocol for 

yellowbelly flounder. 

4.1.3 Experimental limitations and biological variability  

Considerable variation in pituitary gonadotropin expression levels was evident between 

treatments. This was likely an artefact of the small sample sizes used per treatment group (4–6 

fish). Here, individual variability can disproportionately magnify results. Consequently, no 

statistically significant differences were observed between day 1 and day 5 treatments. Increased 

sampling to include days 2, 3 and 4 may have helped strengthen observable trends however, this 

would require an additional 48 fish. While increased sample sizes could help reduce variability, 

ethical, logistical, and financial constraints limit the number of animals that can be used. Variation 

is to be expected when working with animals and especially when measuring dynamic processes 

such as gene expression across individual scales. The use of wild-caught females without adequate 

acclimation, unlike in similar studies (Guzmán et al., 2009; Pankhurst & Fitzgibbon, 2006; Lim, 

2016), as well as handling stress, may have contributed to variable results and limited ovulation. 

When fish are stressed, cortisol is produced via the hypothalamic–hypophyseal–interrenal (HHI) 

axis, which can cross-talk with the reproductive axis, leading to issues with reproductive 

performance (Murugananthkumar & Sudhakumari, 2022). Ellis-Smith (2022) reported that wild-

caught yellowbelly flounder were slow to recover from capture and disturbance-related stress, 

causing a likely failure of FOM, ovulation, and spawning despite GnRHa treatment. Similar results 

were observed in this study.  

4.2 Future recommendations  

This study served as an initial investigation to characterise pituitary gonadotropin expression. It 

should be recognised that measuring gonadal receptor expression to assess the overall functionality 

of the yellowbelly flounder gonadotrophic system was beyond the scope of this study and may be 

addressed in ongoing and future research. Nevertheless, it is strongly recommended that future 
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work include sex steroid measurements to gather a more comprehensive characterisation of the 

HPG axis. For example, Lim (2016) utilised plasma levels of E2, T, and 17α,20β-DP to determine 

whether GnRHa or hCG was more effective in inducing ovulation in starry flounder (Platichthys 

stellatus). That study concluded that GnRHa administration exhibited higher steroid levels and 

more effective sustained ovulations compared to those treated with hCG. Similarly, Poortenaar 

and Pankhurst (2000) investigated changes in E2, T, and 17α,20β-DP levels in relation to oocyte 

diameter and stage progression, comparing the effects of different administration methods 

(injection versus pellet), hormone volumes, and hormone types (LHRHa versus hCG) in greenback 

flounder (Rhombosolea tapirina). Their results showed that both the LHRHa (50 μg/kg) injection 

and the LHRHa pellet induced greater increases in oocyte diameter, accompanied by higher plasma 

and ovarian levels of E2, T, and 17α,20β-DP, compared to the higher-dose LHRHa (100 μg/kg) 

injection. These studies highlight the importance of integrating plasma hormone analyses to enable 

a broader understanding of the endocrine function across the entire HPG axis. 

 

The results of pituitary gonadotropin expression in yellowbelly flounder differ to that of classical 

salmonid models, but reflect that of other multiple-batch group synchronous spawning fish. In the 

current study, pituitary fshβ expression was at peak levels greater than that of lhβ during the 

maturational stages of oogenesis. Understanding the association between pituitary gonadotropin 

expression and actual plasma gonadotropin levels in relation to gonadal development would be 

highly beneficial. While this would require the development of a suitable assay to measure plasma 

gonadotropins, it would contribute to the current understanding of the gonadotropic system 

function in fish with multiple-batch group synchronous ovarian development.  

 

It would also be recommended to use greater fish numbers per treatment in future studies to reduce 

variability in gene expression data and improve statistical power. Given that the flounder in this 

study showed a trend of greater gonadotropin expression at a lower GnRHa dosages (25 µg/kg and 

50 µg/kg), then a future study with limited fish should focus on these two GnRHa concentrations 

using greater numbers of fish per treatment and incorporating an additional time point, to include 

day 0, day 3 and day 5. However, future work would ideally use hatchery-raised sibling fish that 

have a common environmental history to help reduce individual influences and elucidate the true 

effects of GnRHa treatments.   
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Further investigation into the mechanisms underlying an apparent downregulation of gonadotropin 

expression following treatment with 100 µg/kg of GnRHa could yield interesting information on 

the pituitary effects of GnRHa dosage. This would likely involve in vitro studies of possible GnRH 

receptor desensitisation and downstream limitation of gonadotropin expression. This phenomenon 

remains understudied and under-reported in GnRHa studies, yet likely has important implications 

for the optimisation of induced reproduction in fish.  

4.3 Conclusion  

This study had two main aims: 1.) to characterise fshβ and lhβ expression in wild yellowbelly 

flounder at different stages of reproductive development; and 2.) to quantify pituitary fshβ and lhβ 

expression over a five-day period following injection with different concentrations of 

gonadotropin-releasing hormone analogue (GnRHa). Results showed that both pituitary fshβ and 

lhβ expression peaked in fish with post-vitellogenic ovaries. Expression of fshβ was greater than 

lhβ, collectively, the data reflects the multiple-batch group synchronous ovarian development and 

spawning strategy of this species.  

 

Doses of 25 µg/kg or 50 µg/kg GnRHa elicited the greatest pituitary gonadotropin expression, 

while doses of 100 µg/kg may have had the opposite effect. These findings support ovulation and 

oocyte data from previous induced reproduction studies in this species. Collectively, the 

information encapsulated in this study provides a valuable stepping-stone toward a deeper 

understanding of the broader HPG axis within this species. 
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