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Abstract: Determining spermatological characteristics in fish is critical for understanding species’ reproductive biology, protecting
fish stocks, increasing reproductive success, and ensuring fish farming efficiency. While reproductive biology research on native fish
species of Mediterranean is restricted, there is no information on the spermatological characteristics of invasive Mediterranean
species. Samples were collected from trawl surveys conducted in the Gulf of Antalya (Mediterranean-Turkey) between March and
April 2024. The fish samples were promptly transported to the laboratory at the Department of Biology, Burdur Mehmet Akif Ersoy
University. The individuals' sex determination, lengths, and weights were recorded. 17 (65.38%) males, 9 (34.62%) females were
determined. Male specimens of N. randalli, ranging in size from 19 to 27.2 cm in total length and weighing between 80 and 270.5 g,
were analyzed. Nemipterus randalli sperm viability and concentration were evaluated. Male fish gonads were handled, and testes
were dissected in a tube containing 1 ml PBS. Sperm concentration was done with haemocytometric method. The viability of
spermatozoa was analysed using a Cytoflex Flow Cytometry device and a Sybr-14/PI double staining method. Spermatozoa
concentration of male individuals obtained from the Gulf of Antalya was 160.0+45.63 x 106 spz/ml and the viability rate were
51.71+17.01%. As a result, some spermatological characteristics of Nemipterus randalli, which is recorded as an invasive species and
has a serious economic value, were revealed for the first time.
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further stages of the life cycle, such as successful larval development, particularly
during critical periods like the initial intake of food, play a key role in recruitment

dynamics. Typically, fish undergo seasonal gametogenesis and exhibit synchronized

reproductive behaviors, resulting in the release of gametes into the aquatic
BY

environment for external fertilization. The success of fertilization is influenced by
Copyright: © 2025 by the authors.

Submitted for possible open access ~ POth the intrinsic characteristics of the gametes, such as quality and quantity and the

publication under the terms and con- environmental conditions at the site of gamete fusion. Consequently, fertilization
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serves as a complex integrative outcome of multiple interacting factors, potentially

Cabrita, Engrola [1], Bobe and Labbé [2] have demonstrated that while various sperm

characteristics collectively influence overall sperm quality, none of these attributes
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alone is sufficient to fully describe the fertilization potential of spermatozoa. Additionally, the
evaluation of sperm quality can significantly benefit from the standardization of analytical
methodologies and techniques.

In mammals, alterations in sperm structure, including changes in flagellum length or head size,
have been observed under various conditions. During the 1990s, image analysis techniques were
adapted for the study of mammalian sperm morphology, leading to the development of Automated
Sperm Morphology Analysis (ASMA). This approach was first utilized to evaluate fish sperm by Van
Look and Kime [3], who examined the impact of increasing mercury concentrations on sperm quality.
Subsequently, ASMA has been applied in diverse contexts, such as evaluating the influence of HCG
on spermiation in European eel [4], and exploring potential correlations between sperm morphology
and swimming performance [5]. In this study we also observed N. randalli spermatozoa under the
light microscobe (Figure 2).

Spermatozoa concentration in semen can be measured using various techniques, including
microscopic counting, spectrophotometry, flow cytometry, and spermatocrit evaluation (as reviewed
by Alavi, Psenicka [6]). However, each of these methods has certain limitations. Microscopic counting,
considered the fundamental approach, provides sperm counts with reasonable accuracy, though
subject to variability stemming from dilution and counting errors. For instance, an error margin of
approximately 6% has been reported when counting 300 spermatozoa per observation using a 1/500
diluted sample over three repetitions [7]. While this method is the most cost-effective for measuring
sperm concentration, its primary drawback is its labor-intensive nature, which makes it less practical
for downstream applications such as sperm preservation or partitioning for genetic cross-breeding
studies.

At the subcellular level, sperm quality is often evaluated based on the integrity of the
spermatozoa's plasma membrane, which plays a crucial role in regulating ion and water exchange
between the intracellular and extracellular environment, thereby influencing axonemal motion as
described by Cosson, Groison [8] and Inaba [9]. Practically, membrane integrity has been examined
using dye-penetration assays such as eosin/nigrosin or eosin staining alone, followed by microscopic
observation, particularly in studies on mammals [10] and fish [11]. More recent approaches involve
the use of fluorescent DNA-binding dyes like Hoechst 33258 and Propidium Iodide (PI), or more
sophisticated kits with markers such as Sybr-14/PL, which enable concurrent visualization of both live
and dead sperm cells. Viability percentages have been determined through direct counting or image
analysis under the microscope [4, 12], flow cytometric analysis [13, 14].

The colonization of Red Sea species in the Mediterranean began sometime after the opening of
the Suez Canal in 1869, a process that has had bioecological and economic impacts that continue today
[15-18].

Nemipterus randalli Russell, 1986 is a Red Sea Lessepsian species [19]. It has a wide
geographical distribution from the coasts of eastern and western India to Pakistan, the Persian Gulf,
the Red Sea, the Gulf of Aden, East Africa, Seychelles and Madagascar in the western Indian Ocean
[17, 20-22]. Golani and Sonin [23] recorded first time in the Mediterranean under the name N.
japonicus in Israel. After a short time, it spread westward and was discovered in Lebanon by Lelli,
Colloca [24], in Iskenderun Bay [20, 21], in Antalya Bay [25], in Gokova Bay [26], in the Mediterranean
coast of Egypt [27], and in Greece [28].
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Nemipterus randalli is a bottom fish that lives on sandy or muddy bottoms at depths ranging
from 22 to 225 meters. It has an ellipsoid body shape and a silvery pink tint with three or four faint
yellow stripes. The upper rays are recognized by a forked caudal fin with a long filament [29]. It feeds
mostly on crustaceans, with minor amounts of small fish, polychaetes, molluscs, and spiny skins [21,
30, 31].

The number of studies on the distribution and ecology of N. randalli in the Mediterranean has
increased in recent years [17, 20, 21, 23-27, 30-40].

There are limited studies on the reproductive biology of N. randalli [22, 31, 41]. In these studies,
information on important reproductive parameters such as sex ratios, gonadasomatic index (GSI)
values, fecundity values, etc. were presented. Ozen [42] provided histological information on male
and female gonads. There are no studies on sperm parameters. Determination of sperm parameters is
an important biological phenomenon in terms of understanding invasion biology. At the same time,
this economically important species will also contribute to the evaluation of aquaculture potentials in
the future. With this study, spermatological parameters will be determined for the first time in N.

randalli species.

2. Materials and Methods

2.1. Ethics statement

This study follows all relevant international, national, and institutional guidelines for the
collection and experimental use of fish samples. The fish species examined are not listed in the IUCN
Red List of Threatened Species and are not classified as endangered, vulnerable, rare, or protected in
Tiirkiye. Additionally, the sampling sites are situated outside of any designated protected areas,
making an ethics statement unnecessary.

2.2 Study design

Samples were collected from trawl surveys conducted in the Gulf of Antalya (Mediterranean-
Turkey) between March and April 2024. The fish samples were promptly transported to the laboratory
at the Department of Biology, Burdur Mehmet Akif Ersoy University. The individuals' lengths (total
length, TL; measured to a precision of 1 mm) and weights (total weight, W; measured to the nearest
0.1 g) were recorded (Figure 1). Gonads were examined macroscopically and microscopically, and sex
was determined. After sex determination, sperm concentration and flow cytometric dead-live analysis
were performed in terms of spermatological parameters with samples taken from males at Mehmet
Akif Ersoy University Reproduction and Artificial Insemination Clinic. Gonads were separated from
the fish by dissection and the weights of the gonads were recorded. A total of 9 male fish were
analyzed. Testes were dissected in a tube containing 1 ml PBS and allowed to stand for two minutes

to allow semen to come out of the tissue into the liquid.
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Figure 1. A specimen of Nemipterus randalli

2.3 Sperm Concentration

The concentration of semen was determined using the haemocytometric method [43]. The testis
was trimmed in 1 ml PBS and incubated in an incubator at 37°C for 2 hours. Subsequently, 10 ul of
sperm sample was added to 490 pl of Hayem's solution, and the number of spermatozoa was counted
using a Thoma counting chamber. The sperm concentration was expressed as the number of

spermatozoa per ml. (spz. / ml) (Figure 3).

Tail of sSpz. e

Head of Spz.

Figure 2. Sections of N. randalli spermatozoon
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Figure 3. N. randalli sperm concentration analysis

2.4. Sperm Viability

The viability of spermatozoa was analysed using a Cytoflex Flow Cytometry device (Beckman
Coulter, CA, USA) and a Sybr-14/PI (L7011, Invitrogen, CA, USA) double staining method. 50 pL of
sperm sample, and 5 pL of Sybr-14 and 3 uL of PI stain were added to 442 pL of PBS solution. The
mixture was then incubated in a dark room at 37 °C in a water bath for 5 minutes. The ratio of live to

dead sperm was determined using CytExpert 2.3 software (Figure 4).
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Figure 4. N. randalli flow cytometry viability analysis

2.5 Statistical analysis

All parameters, statistical analyses were performed using IBM Corp.’s SPSS (v.22, New York,
NY, USA). Datas were given as MEAN+SEM.

3. Result

Based on the sex determination of N. randalli, we recorded 17 (65.38%) males, 9 (34.62%)
females. The male—female ratio for all fish combined was 1.89:1 and differed statistically from the
expected 1:1 (P <0.05). During the study period, 17 male specimens of N. randalli, ranging in size from
19 to 27.2 cm in total length and weighing between 80 and 270.5 g, were analyzed.
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Figure 5. Length and weight distribution of N. randalli male specimens

The spermatozoa concentration was determined to be 160.0+45.63x10¢ spz/ml. The flow

cytometric determination of the sperm viability was 51.71+17.01% (Table 1).

Table 1. Total length (TL), total weight (W), sperm concentration, sperm viability values of male N. randalli species

(Mean+SEM).
Mean Total length (mm) 21.75+0.50
Mean Weight (g) 131.31£10.75
Sperm Concentration (x10%/ml) 160.0+45.63
Sperm Viability (%) 51.71+£17.01

4. Discussion

N. randalli, an Indo-Pacific fish migrating to the Mediterranean Sea, has established a
sustainable population in the Gulf of Antalya, Turkey. No data on spermatological parameters of N.
randalli were found in the literature. Therefore, in this study, the mean viability and concentration
values of spermatozoa of N. randalli were investigated for the first time.

Reproductive biology studies on N. randalli, which has recently entered the Mediterranean Sea,
revealed that reproductive periods differ according to habitats. Ozen [42] showed that the breeding
period of N. randalli in the Gulf of Antalya is between June and October and the peak breeding period
is between July and August. Taylan and Yapic [22] indicated that the reproductive activity of both

female and male N. randalli occurs during the spring and summer months, with females being active
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from April to August and males from April to July. Uyan [44], determine the spawning period of the
species between May and June. Demirci, Demirci and Simsek [41], in their study to determine the
reproductive period, showed that the gonadosomatic index value of the species increased in February
and reached the highest value in April and May. The result of this study that male individuals of N.
randalli are dominant over female individuals is similar to other studies [17, 21, 22, 31, 35, 44, 45]. To
better understand the importance of sperm quality in N. randalli reproductive performance, it should
be compared with many parameters. In this study, viability and sperm concentrations were revealed.
N. randalli sperm concentration was found to be 160.0+45.63x106 spz/ml. Flow cytometric analysis of
sperm viability resulted in a value of 51.71+17.01%. In the literature, spermatozoa concentration values
are given for some species. The spermatozoa concentration of Barbus barbus (Teleostei: Cyprinidae)
decreased from 18.81x 10? spz/ml to 12.45 x 10? spz/ml in March to in May and decreased towards the
end of the breeding season [6]. Hatipoglu [46] determined that the average concentration of Abant
trout was 17.85x10? spz/ml. While the concentration of spermatozoa in rainbow trout was found to be
11.80x10?spz/ml, reported it as 6.90 x 10? spz/ml by hemacytometric method in their study on the same
species[47].

In N. randalli viability analysis by flow cytometric method was found 51.71+17.01%. There are
some studies on spermatozoa viability rates in natural fish stocks. Trigo, Merino [48] was found the
spermatozoa viability in rainbow trout (Oncorhynchus mykiss) 95.1 + 0.68%. Also Nynca, Dietrich
[49] reported that rainbow trout sperm viability was 97.00 + 0.99% by flow cytometry and 86.22 +
1.16% by fluorescence microscopy analyse. In a study conducted on Galaxias argenteus, a giant cockle
grown in farms, sperm viability was determined to have 4.621 live cells and 1.168 dead cells by flow
cytometry [50]. In these studies, it was determined that spermatozoa viability rates differed between
species.

Differences in sperm concentration and sperm viability between species may be due to
changing habitat conditions and abiotic parameters such as temperature, pH, salinity and dissolved
oxygen. For some populations, sperm analyses cover a single sampling period. This may alter sperm
values. In addition to seasonality and habitat conditions, the observed variation in sperm parameters
may be due to biological characteristics of fish species, sex ratio, invasiveness, reproductive strategies,
sampling and analysis methods.

Ozen [42] showed that the breeding period of N. randalli in the Gulf of Antalya is between June
and October and the peak breeding period is between July and August. Taylan and Yapici [22] stated
that both female and male N. randalli are reproductively active during the spring and summer, with
the spawning season for females lasting from April to August and for males from April to July.
Likewise, Demirci, Demirci and Simsek [41] observed in their study on the species' reproductive
period that the gonadosomatic index started rising in February and reached its highest levels in April
and May.

During the present study males were more abundant in the catch of N. randalli. In the N. randalli
populations under study, the sex ratio which varies from population to population within the same
species was 1.89 males to 1 females. The small sample size prevented a clear determination of the
gender ratio. According to Bohlen, Freyhof and Nolte [51], the sex ratio in a population can change
from year to year, suggesting that genetics or environmental variables play a role in its determination.

There are a variety of potential causes for this variation, such as seasonal variations, feeding and
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maturation schedules, disparities in male and female growth rates, mortality differences between the

sexes, and potentially size-selective impacts of fishing gear.

5. Conclusions

Determining fish sperm parameters is a crucial scientific phenomenon that helps comprehend
the biology of invasion. The first information on spermatological characteristics of N. randalli, such as
spermatozoa concentration and viability, was reported in this study. These data will help determine
the invasion ecology, assess the possibility for aquaculture in the future, and comprehend the
reproductive biology of this commercially significant species. The normospermic traits of this species
will be determined in part by analyzing spermatological traits over time and with a larger number of

individuals.

Supplementary Materials: Figure S1: A specimen of Nemipterus randalli, Figure S2: Sections of N. randalli
spermatozoon, Figure S3: N. randalli sperm concentration analysis, Figure S4: N. randalli flow cytometry
viability analysis, Figure S: Length and weight distribution of N. randalli male specimens, Table S1: Total
length (TL), total weight (W), sperm concentration, sperm viability values of male N. randalli species
(Mean+SEM)
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