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Abstract

The aim of this study was to evaluate the effects of a gonadotropin-releasing hormone
analogue (GnRHa), administered through injections or with sustained-release implants, on
spermiation and sperm quality in thicklip grey mullet, Chelon labrosus. Male broodstock
transferred from extensive lagoons were randomly allocated to three treatment groups:
(a) weekly saline injections (Saline-IN]), (b) weekly GnRHa injections (10 pg kg’l bw;
GnRHa-INJ), and (c) a single GnRHa EVAc implant (50 pg kg’1 bw; GnRHa-IMP). Males
were maintained with females under the same treatment protocols and allowed to spawn.
Sperm condition, density, motility, duration of motility, and androgen levels were evaluated
weekly at five sampling points (Days 0, 7, 14, 21, and 28). All males exhibited complete
spermiation during the first two weeks (Days 0 and 7), followed by a gradual decline
throughout the rest of the study (Days 14 and 21). This pattern of decline was not as evident
in the groups treated with GnRHa, especially in the GnRHa-INJ group. Sperm density,
motility, and motility duration varied strongly over time; however, no significant differences
were observed among treatments. GnRHa treatment prolonged the spermiation period and
delayed its seasonal decline without significantly altering sperm quality. These results may
enable more frequent sperm collection and greater sperm availability, as inferred from the
spermiation condition (SCI) and qualitative observations.

Keywords: Chelon labrosus; broodstock management; gonadotropin-releasing hormone
agonist; spermiation; sperm quality; androgens

Key Contribution: 1. GnRHa treatments enhanced spermiation and extended the spermiation
period by at least two weeks compared with untreated controls, without affecting sperm
quality (density, motility, and motility duration). 2. Weekly GnRHa injections (10 pg kg~! bw)
were more effective than a single slow-release EVAc implant (50 jig kg~ ! bw) in maintaining
spermiation over four weeks, indicating that repeated or additional implantation may be
needed to prolong the response. 3. Spermiating males appear sensitive to stress associated
with repeated handling and sampling. 4. Sperm availability does not appear to be a limiting
factor for reproductive performance under the conditions of this study.
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1. Introduction

The thicklip grey mullet Chelon labrosus (Risso, 1827) is a euryhaline and eurythermal
mugilid species widely distributed in the Mediterranean Sea and the eastern Atlantic.
In the context of the sustained growth of aquaculture production globally and across
Mediterranean countries, the identification of robust, low-trophic, and euryhaline fish
species remains important for aquaculture diversification. Owing to its high tolerance to
fluctuating environmental conditions, omnivorous feeding behaviour, satisfactory growth
performance, and marketable flesh quality, thicklip grey mullet is considered a promising
candidate for the diversification and sustainability of Mediterranean aquaculture [1-10].

Spawning induction methods have substantially improved reproduction of thicklip
grey mullet in captivity, enabling egg production through a range of hormonal treat-
ments [11-14]. However, the culture of thicklip grey mullet still relies on wild broodstock,
and consistent large-scale reproduction has yet to be achieved. Key bottlenecks include
dependence on wild broodstock, the absence of spontaneous spawning, the need for artifi-
cial induction of spawning, stress sensitivity during handling, and the lack of optimized
protocols for consistent gamete production and spawning control. Environmental vari-
ables such as water temperature and salinity influence the reproduction of grey mullets
in the wild [15-18], as well as sperm quality and availability in captivity [19-22]. Stress
from handling and captivity conditions further impair spermatogenesis and spermiation,
highlighting the susceptibility of sperm availability to management practices [23-25]. Fur-
thermore, long-term captivity can impair spermatogenesis by suppressing LH production
and decreasing steroidogenesis [26].

Hormonal treatments using gonadotropin-releasing hormone analogues (GnRHa) are
commonly used to overcome reproductive dysfunctions by stimulating gonadotropins
and increasing spermiation and sperm quality in male fish species, including grey
mullets [27,28]. However, studies in teleost species have shown that responses to GnRHa
treatment vary according to species and may be influenced by factors such as spermato-
genesis stage, delivery method (i.e., injections vs. slow-release implants), environmental
conditions and stress [28]. Although captive thicklip grey mullet males are capable of
producing sperm [14,29], the potential of GnRHa treatments to enhance spermiation and
improve sperm quality has not previously been evaluated.

The aim of this study was to evaluate the GnRHa administered via two delivery meth-
ods (weekly injections and slow-release EVAc implants) on spermiation and sperm quality
to support the development of reliable protocols for consistent large-scale reproduction of
thicklip grey mullet in captivity.

2. Materials and Methods
2.1. Broodstock and Maintenance, Sampling Fish Groups, and Hormonal Treatment

In mid-January, spermiating thicklip grey mullet broodstock (n = 29, >6 yrs old,
0.865 £ 0.12 kg) were transferred from a lagoon seawater channel to indoor grow-out tanks
of a private farm located in Variko Lagoon (Regional Unit of Pieria, Region of Central
Macedonia, Northern Greece), where they were temporarily held until the beginning of the
experimental period in mid-March (for details, see [14]).

In mid-March, a total of 29 males and an equal number of females (1 = 31) were
identified based on magnetic PIT tag readings and randomly assigned to three treat-
ments differing in the mode of GnRHa (Des—Glle, d-Ala®-ProNEth’-mGnRHa) administra-
tion. Within each treatment, male and female individuals received the following regimen:
(a) a single intramuscular (IM) injection of physiological saline solution (0.9% NaCl, 1 mL;
Saline-IN]J group), (b) a single IM injection of GnRHa (10 ug 1<g’1 bw; GnRHa-IN]J group),
and (c) a single ethylene-vinyl acetate (EVAc) implant containing GnRHa (50 pg kg~ ! bw;
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GnRHa-IMP group). In the GnRHa-INJ and Saline-INJ groups, males subsequently re-
ceived weekly injections of GnRHa (10 ug kg ! bw) or physiological saline, respectively,
on Days 7, 14, 21, and 28. In contrast, in the GnRHa-IMP group, the EVAc implants were
administered only once (Day 0), containing a higher GnRHa dose to provide sustained
hormone release throughout the four-week experimental period.

Each treatment group was divided into two subgroups: a sampled treatment sub-
group and an unsampled treatment subgroup. In the sampled treatment subgroup, males
(n = 15 males) were subjected to repeated blood and sperm collection, whereas the corre-
sponding unsampled subgroup (1 = 14 males) was left undisturbed to avoid any potential
effects of repeated sampling on sperm availability and quality, and consequently on the fer-
tilization of eggs obtained after induced spawning (see the experimental setup in Figure 1
of [14]). The data presented in this study were derived from the sampled treatment sub-
group of males, comprising 15 males in total (5 males per treatment subgroup).

The males of each sampled treatment subgroup were maintained with an almost equal
number of females in a circular 3.5 m3 tank at a mean stocking density of 2.73 + 0.11 kg/m?3.
Fish were maintained under natural photoperiods and temperature regimes and fed once
daily to apparent satiation, six days per week, using a mixed diet of marine grower pellets
(Biomar, Velestino, Greece), frozen squid, and deep-water rose shrimp.

Salinity, temperature, and dissolved oxygen were monitored three times per week.
Mean salinity and water temperature during the experimental period were 32.6 £ 0.71 psu
and 15.8 & 1.96 °C, respectively; dissolved oxygen was maintained at 7.5 + 0.5 mg L~! and
pHat 8.00 £ 0.2.

2.2. Handling and Sampling Schedule

Fish were fasted for 48 h prior to sampling to reduce metabolic activity and minimize
fecal contamination during handling and sperm collection. At each sampling time point,
fish were initially exposed to a lower concentration of 2-phenoxyethanol (0.08 mL L1)
in the holding tank in order to reduce escape responses and handling stress during cap-
ture. They were subsequently transferred to a second bath containing 2-phenoxyethanol
at 0.10 mL L~! to achieve a deeper level of sedation appropriate for blood and sperm
collection. This two-step approach was used to facilitate handling while minimizing stress
and ensuring consistent sampling conditions.

After the completion of the sedation procedure, blood and sperm sampling procedures
were carried out. In total, sampling events were conducted on Days 0, 7, 14, 21, and 28 (Dy,
D7, D14, D71, and Dyg).

2.3. Blood Collection and Steroid Hormone Analysis

Blood collection of ~1 mL was carried out by using a sterile 1 mL syringe with a 23G
needle from the caudal vein of the fish. Then, the blood was transferred immediately into
microcentrifuge tubes that were kept on ice. The samples were then centrifuged at 3000 g
for 10 min, and the plasma was separated and stored at —20 °C until the analysis of steroid
hormones such as testosterone (T) and 11-ketotestosterone (11-KT). The concentrations of
plasma T and 11-KT were quantified by using enzyme-linked immunoassays (ELISAs), as
described by [14].

2.4. Sperm Collection and Quality Assessment

Sperm was collected by applying gentle abdominal pressure, with the first drop
discarded to avoid contamination with urine or feces. Samples were collected into dry,
chilled syringes and stored on ice (4 °C) for analysis within 3045 min. Contaminated
samples with blood, feces, or urine were excluded from analysis.
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Spermiation condition was subsequently evaluated using the Spermiation Condition
Index (SCI), assessed on a subjective scale according to [30], where 0 = no sperm release,
1 = a single drop of sperm released after multiple stripping attempts, 2 = sperm easily
released after the first stripping attempt, and 3 = copious sperm release with minimal
abdominal pressure.

Following SCI assessment, small volumes of sperm (50-100 pL) were collected
from each male and used immediately for sperm quality analysis. Sperm density
(x10° spermatozoa mL~') was determined after a 2500-fold dilution in seawater using
an improved Neubauer haemocytometer (Marienfeld Superior, Lauda-Konigshofen, Ger-
many) under light microscopy. Sperm motility (%) and motility duration (s) were assessed
by visual estimation under light microscopy, on a microscope slide after activation by
mixing 1 uL of sperm with approximately 50 uL of filtered seawater.

Motility was estimated as the percentage of progressively motile spermatozoa at
15-30 s post-activation, while motility duration was defined as the time from activation
until the cessation of progressive movement in >90% of the observed spermatozoa. All
sperm quality assessments were performed in duplicate.

2.5. Statistical Analysis

Data were tested for normality using the Shapiro-Wilk test and for homogeneity of
variances using Levene’s test. As the assumptions of normality and homoscedasticity
were not met, and due to the presence of unbalanced repeated measurements across
sampling time points, the nonparametric two-way Scheirer-Ray-Hare (SRH) test was used
to evaluate the effects of sampling time (day), hormonal treatment, and their interaction on
the repeatedly measured parameters.

For the SRH analysis, H statistics, degrees of freedom, and exact p-values were reported
for main effects and the treatment x day interaction. When a significant main effect of
sampling time (day) was detected, post hoc pairwise comparisons were performed using
Dunn’s rank-sum test with Holm’s adjustment for multiple comparisons, pooling data
across treatments.

Effect sizes (n?; eta-squared) were estimated from the H statistic of the Scheirer—
Ray-Hare test to quantify the magnitude of effects. Negative n? values arising from
the correction formula were interpreted as negligible effects. Using standard thresholds,
we further looked at effect size (n?) values. Values of about 0.01 indicate small effects,
0.06 means moderate effects, and 0.14 or higher means large effects.

All statistical tests were two-tailed, and results were considered significant at o« = 0.05.
All analyses were performed using IBM SPSS Statistics v28.0 [31] and R v4.5.2 [32], with
the packages FSA v0.10.1 [33] and rcompanion v2.5.2 [34].

3. Results
3.1. Sperm Condition

Males from all treatment groups were in full spermiation (SCI = 3) on both the first
and second sampling days (Day 0 and Day 7; Figure 1). SCI values varied significantly
over time (H =18.79, df = 4, p < 0.001, n?= 0.211), with higher values recorded at the early
sampling points (Days 0, 7, and 14) and lower values at the later sampling points (Days 21
and 28). SCI values on Day 28 were significantly reduced compared with those on Days 0,
7,and 14 (p < 0.001) in a temporal pattern comparable among treatments (H = 8.76, df = 8§,
p =0.363,1% = 0.012).
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Figure 1. Boxplot of Sperm Condition Index (SCI) according to day (0, 7, 14, 21, and 28) in saline-
injected (Saline-INJ), GnRHa-injected (GnRHa-IN]) and GnRHa-implanted (GnRHa-IMP) male thick-
lip grey mullets. Different letters indicate significant differences among sampling days within each
treatment (x = 0.001).

An overall effect of treatment was detected (H =7.44, df =2, p = 0.024, nz = 0.076).
Pairwise comparisons revealed that SCI values in GnRHa-INJ males were significantly
higher than those in saline-injected males (Saline-INJ; p = 0.024), while no significant
differences were observed between GnRHa-INJ and GnRHa-IMP males.

3.2. Sperm Density

Sperm density varied significantly over time (H = 21.43, df = 4, p < 0.001, n? = 0.249),
with lower values recorded at Day 0 of sampling, whereas values were higher on the
following sampling days (Days 7, 14, 21, and 28, all p < 0.029; Figure 2) in line with similar
results across treatments (H = 13.47, df = 8, p = 0.096, n? = 0.083).
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Figure 2. Boxplot of sperm density (spz/mL) according to day (0, 7, 14, 21, and 28) in saline-injected
(Saline-INJ), GnRHa-injected (GnRHa-INJ) and GnRHa-implanted (GnRHa-IMP) male thicklip grey
mullets. Different letters indicate significant differences among days within each treatment (« = 0.05).
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No overall effect of treatment was detected (H = 5.79, df = 2, p = 0.055, n? = 0.053),
and no significant pairwise differences among treatments were observed. Overall, sperm
density increased following the initiation of the experimental protocol and remained
elevated thereafter, irrespective of treatment.

Mean sperm density values ranged between 9.93 x 10° + 0.82 x 10° sperm mL~!
(Saline-INJ on Day 0) and 45.70 x 10° + 3.20 x 10° sperm mL~! (GnRHa-INJ on Day 7)
across treatments and sampling days (see Supplementary Table S1).

3.3. Sperm Motility

Sperm motility varied significantly over time (H =9.69, df = 4, p = 0.040, n2 =0.081),
with a modest fluctuation across sampling days (Figure 3). Motility values on Day 7 were
significantly higher than on Day 14 (p = 0.025) in a pattern comparable among treatments
(H=11.46,df =8, p =0.177, n? = 0.052). No overall effect of treatment was detected
(H=2.05,df=2,p =0.359, n?= 0.001). Overall, sperm motility exhibited minor temporal
variation and was not influenced by treatment or GnRHa delivery method. Mean sperm
motility values ranged between 17.5 £ 4.78% (GnRHa-IN] on Day 14) and 54.0 £ 5.09%
(GnRHa-IMP on Day 7) across treatments (Supplementary Table S1).
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[ GnRHa-IMP
[l GnRHa-INJ
[ Saline-INJ
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Figure 3. Boxplot of sperm motility (%) according to day (0, 7, 14, 21, and 28) in saline-injected
(Saline-INJ), GnRHa-injected (GnRHa-INJ) and GnRHa-implanted (GnRHa-IMP) male thicklip grey
mullets. Different letters indicate significant differences among sampling days within each treatment
(ot =0.05).

3.4. Duration of Sperm Motility

Duration of sperm motility varied significantly over time (H = 31.52, df = 4, p < 0.001,
n? = 0.393; Figure 4), exhibiting a pronounced temporal pattern across sampling days.
Motility duration values on Day 14 were significantly shorter than at Day 0 (p < 0.001), Day 7
(p = 0.002), and Day 28 (p = 0.001) in a pattern of change comparable among treatments
(H=223,df=8,p=0.973,1% ~ 0).
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Duration of sperm motility (min)
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Figure 4. Boxplot of sperm motility duration (min) according to day (0, 7, 14, 21, and 28) in saline-
injected (Saline-INJ), GnRHa-injected (GnRHa-IN]) and GnRHa-implanted (GnRHa-IMP) male thick-
lip grey mullets. Different letters indicate significant differences among days within each treatment
(o =0.05).

No overall effect of treatment was detected (H=3.63, df =2, p =0.163, n? =0.023). Over-
all, motility duration showed a transient mid-experimental decline followed by recovery
by Day 28, irrespective of treatment or GnRHa delivery method.

3.5. Steroid Hormone Levels

A significant effect of sampling day was detected for both testosterone (T) and
11-ketotestosterone (11-KT), indicating marked temporal variation (T: H = 45.67, df =4,
p < 0.001, n? = 0.595; 11-KT: H = 38.91, df = 4, p < 0.001, n? = 0.499). Levels of both an-
drogens were highest on Day 0 and significantly lower at all subsequent sampling points
(Figure 5A,B), except for the comparison between Days 21 and 28 (p > 0.05). In contrast,
neither treatment nor the treatment x day interaction had a significant effect on T or
11-KT levels (p > 0.05), indicating that GnRHa administration did not alter circulating
androgen concentrations.

Mean plasma testosterone and 11-KT concentrations per treatment group are provided
in Supplementary Table S1.
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Figure 5. Boxplot of testosterone (A) and 11-ketotestosterone (B) plasma concentrations according to
day (0, 7, 14, 21, and 28) in saline-injected (Saline-INJ), GnRHa-injected (GnRHa-INJ) and GnRHa-
implanted (GnRHa-IMP) male thicklip grey mullets. Different letters indicate significant differences
among days at each treatment (« = 0.001). Dots represent outliers while asterisks (*) indicate
extreme values.

4. Discussion

Wild male thicklip grey mullet, both at capture (mid-January) and at the beginning
of the experiment (mid-March), were fully spermiated (SCI = 3) and continued to release
sperm until mid-April, i.e., beyond the reported spawning season (December to March in
southwestern Anatolia, Turkey [35]). Although sperm volume was not directly measured,
the great majority of males consistently exhibited high spermiation scores and released
apparently adequate quantities of sperm with minimal abdominal pressure throughout
the experimental period. Our findings align with reports describing sustained high sperm
availability in male thicklip grey mullet broodstock from Cantabria (N. Spain) until mid-
April, as well as their capacity to recover sperm volume following complete stripping,
maintaining or even increasing sperm availability between successive collections [29].
Overall, thicklip grey mullet exhibit adequate sperm availability, in contrast to the closely
related flathead grey mullet Mugil cephalus Linnaeus, 1758, which fails to produce fluid
milt—a major bottleneck for reproductive control in captivity [27,36,37]. The observed

https://doi.org/10.3390/fishes11040210


https://doi.org/10.3390/fishes11040210

Fishes 2026, 11, 210

9of 15

increase in sperm availability was inferred from spermiation indicators, particularly SCI
and qualitative observations, which reflect the capacity for sperm release under the applied
treatments rather than direct quantification of sperm output.

Multiple GnRHa injections improved spermiation and increased sperm availability
for up to 14 days, compared to non-treated control males (Saline-INJ), with no significant
difference from GnRH-implanted males (GnRHa-IMP). Indeed, injections of GnRHa are
known to induce an acute stimulation which results in a sharp and transient increase
in LH, closely resembling physiological GnRH pulses [38,39], resulting in short-term
spermiation events lasting from 1 to 7 days [40—44]. The weekly GnRHa injections on
Days 14 and 21 may have contributed to practically all the GnRHa-INJ males remaining
in full spermiation during the second half of the experiment. In contrast to multiple
injections, the controlled-release GnRHa implants provide lower-intensity stimulation of
the Hypothalamic-Pituitary—Gonadal (HPG) axis; however, this stimulation is sustained,
which may lead to partial desensitization of GnRH receptors or a lower LH response [45],
thus inducing a declining spermiation response after prolonged stimulation (2 to 3 weeks).
However, it is also possible that the GnRHa content of the implant was completely released
2 to 3 weeks after the implantation, on Day 0, resulting in low or no plasma circulating
GnRHa levels on Days 14, 21 and 28. In that case, future trials could include administering
a second implant to assess its effectiveness in long-term spermiation enhancement, with
elevated sperm availability maintained for 5-6 weeks, as demonstrated in other reared fish
species [46-50].

The administration of GnRHa via slow-release implants appeared to enhance sper-
miation relative to non-treated control males, as indicated by the generally higher SCI
values in the GnRHa-IMP group, although the difference was not statistically significant.
Since spermiation was evaluated using the semi-quantitative SCI scale, which reflects the
ease of sperm release rather than direct milt volume, subtle differences in sperm output
between groups may not have been detected. Although direct volumetric measurements
could have provided a more accurate assessment, this was beyond the scope of the present
study. Because this was our first investigation of the reproductive physiology of captive
male thicklip grey mullet, and because the males were maintained with females whose
eggs were intended for fertilization in parallel spawning induction trials, sperm availability
throughout the experimental period was uncertain. For this reason, volumetric stripping
was avoided to prevent possible depletion of sperm reserves.

The sperm quality parameters ranged similarly between treatment groups over time,
indicating that GnRHa treatments did not affect sperm quality. This finding is consistent
with several studies that have shown that the enhancement of spermiation through ex-
ogenous hormonal therapies is usually not accompanied by either an improvement or a
deterioration in sperm quality of teleosts [28]. In comparison to the values reported during
the spermiation period of captive male thicklip grey mullet in Spain, the sperm motility of
thicklip populations in this study was higher within the range (20-60%) while the sperm
density ranged similarly (10-75 x 10” spermatozoa mL~') to Spanish populations [29].
Sperm density, motility and duration ranged similarly to values reported for other Mediter-
ranean fish species [51]. However, sperm density values displayed marked inter-individual
variability, a typical characteristic in grey mullets, linked to differences in milt viscosity,
with more viscous milt generally showing higher spermatozoa densities [29,51,52]. Sperm
motility and motility duration values were comparable to those reported for abu mullet
Planiliza abu (Heckel, 1843) [53] and flathead grey mullet [19,54]. However, higher motility
values were reported for the flathead grey mullet at similar salinities [55]. Although high
salinity is known to enhance sperm motility and motility duration in grey mullets, the
lower motility and duration values in this study may be due to differences in dilution
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protocols, ionic composition, or the way sperm was activated. Excessive dilution is known
to negatively affect sperm motility and motility duration in saltwater teleosts by disrupting
the protective role of seminal plasma. Optimized dilution practices or additives like bovine
serum albumin can help mitigate these effects [48,51,56].

In male teleosts, 11-KT and T circulation levels usually rise during spermatogenesis,
peak at the onset of spermiation, and then decline as spermiation progresses [57]. Although
the magnitude and timing of these changes vary among species, this overall pattern ap-
pears to be conserved and is frequently accompanied by increased progestogen activity
associated with final sperm maturation and release [58-60]. In many teleosts, elevations
in circulating androgens after GnRHa therapy are rapid and frequently indicate acute en-
docrine responses. For example, in meagre Argyrosomus regius (Asso, 1801), GnRHa therapy
increased T levels in both methods of delivery, i.e., injections and sustained-release implants.
Nonetheless, levels of 11-KT increased only after the administration of sustained-release
implants, indicating better sperm production and spermatogenesis [25]. Similar androgenic
responses have been observed in striped bass Morone saxatilis (Walbaum, 1792), where
11-KT levels increased after GnRHa administration via controlled-release systems [61],
and in greenback flounder Rhombosolea tapirine Guinther, 1862, where increases in both T
and 11-KT were associated with increased sperm production [49]. However, in certain
cases, elevations in circulating androgens after GnRHa treatment—even when supplied
via sustained-release systems—did not correlate with significant increases in sperm vol-
ume [62,63]. Notably, although elevated 11-KT levels were observed in striped bass after
GnRHa implant administration, a comparable response was not recorded in the closely
related white bass Morone chrysops (Rafinesque, 1820) [61,63], suggesting species-specific
variability in androgen responsiveness to GnRHa. Even though GnRHa-treated males
showed increased sperm availability, no significant changes in plasma T and 11-KT were
detected. These findings indicate that the stimulatory effects of GnRHa may be mediated
through transient activation of the HPG axis, inducing acute LH surges that promote
spermiation and sperm release without necessarily resulting in sustained elevations of cir-
culating T and 11-KT. Also, in many teleost species, GnRHa administration has been shown
to induce short-lived increases in LH, followed by acute endocrine responses that may peak
within hours or a few days [49,62,64]. Under such conditions, weekly sampling intervals,
as used in the present study, may fail to capture transient hormonal peaks, potentially
leading to an underestimation of the endocrine stimulation by GnRHa. Therefore, future
studies should incorporate shorter post-treatment sampling intervals, particularly during
the first hours and days after GnRHa administration, to better characterize the short-term
endocrine dynamics and detect transient peaks in LH and circulating androgens.

A significant decline in plasma T and 11-KT levels was observed one week after
the onset of the experiment, a pattern that was consistent across all groups (saline- and
GnRHa-treated males). A similar decline, consistent across all treatment groups, was
observed in sex steroid concentrations after treatment with GnRHa injection, GnRHa
implant, hCG and saline in male greater amberjack Seriola dumerili (Risso, 1810) [65]. The
marked decline in circulating T and 11-KT in the present study coincided with the initiation
of repeated handling and sampling procedures (i.e., netting and crowding, anaesthesia,
transfer, frequent stripping and blood collection). These procedures are well known
to impose substantial stress on captive broodstock and to activate the HPG axis, often
resulting in inhibitory effects on gonadal steroidogenesis and steroid secretion [66,67].
While plasma cortisol levels were not measured in this study, the consistently reduced
androgen levels across treatments align with stress-induced suppression of steroidogenesis,
as observed in other teleosts. Cortisol is known to have direct inhibitory effects on testicular
androgen production [67,68], offering a possible physiological explanation for the observed
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endocrine profile. Consequently, handling-induced stress should be considered a major
factor contributing to the lower plasma T and 11-KT levels observed in all males. The
adverse impact of stress has also been reported on reproductive performance in female
thicklip grey mullet [14], additionally suggesting the potential influence of stress-mediated
endocrine regulation upon reproductive performance of this species.

In conclusion, the absence of significant treatment effects on plasma androgen levels
should not be interpreted as evidence of a lack of GnRHa activity but may instead reflect
transient endocrine stimulation combined with species-specific responsiveness and stress-
related attenuation of hormonal differences.

5. Conclusions

Male thicklip grey mullet relocated from extensive lagoon environments to rearing
tanks in mid-January were already releasing sperm and remained in active spermiation
until mid-April. However, from early April onwards, sperm production began to de-
crease. GnRHa treatments prolonged the spermiation period by at least two weeks relative
to untreated controls and were associated with increased sperm availability based on
spermiation indicators (SCI).

With respect to the hormone delivery systems, repeated injections were more effective
than the implant, possibly because a single implant delivering 50 g GnRHa kg~! body
weight was insufficient to sustain an adequate endocrine stimulation over a four-week
experimental period. The enhancement of spermiation following GnRHa administration
in the form of repeated injections is most likely mediated by transient stimulation of
luteinizing hormone (LH), inducing short-term endocrine activation rather than prolonged
increases in circulating androgens. Consistent with observations in female thicklip grey
mullet, spermiating males appear to be sensitive to stress caused by repeated handling
and sampling. Therefore, this factor should be carefully accounted for when planning
broodstock management practices. Sperm production does not constitute any bottleneck for
controlling the reproduction of thicklip grey mullet in captivity. However, GnRHa-based
treatment protocols should be further optimized by refining the timing of treatment in
relation to the spawning season and adjusting the frequency of GnRHa administration in
order to prolong the spermiation period and increase sperm availability for collection.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/fishes11040210/s1, Table S1: Mean (£SD) of sperm condition index (SCI),
sperm density (x10° spermatozoa mL~!), sperm motility (%), motility duration (s), and plasma
androgen levels (Testosterone, T; 11-Ketotestosterone, 11-KT) in male thicklip grey mullet (Chelon
labrosus) broodstock across treatments and sampling days. The number of male individuals used to
estimate the variables in each Treatment on each Day was 5. However, for the motility (%) line, values
in parentheses indicate the corresponding n, i.e., the number of male individuals used to estimate
motility (%) in each Treatment on each sampling Day:.
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