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Abstract: Sexual differences between males
and females have been of special interestin the
study of systematics/taxonomy, phenotypic
evolution, and the farming of different
invertebrate and vertebrate taxa including
fishes. Sexual differentiation may be a result
of natural selection, sexual selection, or a
combination of the two. This study aims to
examine the microscopic characteristics of
scales and rays in the toothcarp Aphaniops
sirhani (Cyprinodontiformes: Aphaniidae)
that is endemic to Azraq wetland in
northeastern Jordan. The study discusses the
taxonomic and evolutionary significance of
these structures and determines whether they
can be used as secondary sexual dimorphism
traits. The findings here indicate that the
Azraq killifish males of the toothcarp have
contact organs that exhibit sexual dimorphism
in the form of spicule-like structures in the
anal-fin rays and ctenus-like structures in the
posterior margin of the scales. The contact
organ variations in size, number, and location
may offer a taxonomic and evolutionary
signal for a deeper comprehension of the
aphaniid species.

Keywords: Killifishes, toothcarps, sexual
differences, ctenus-like structure, spicule-
like structure, systematics

Introduction

Sexual differencesbetweenmalesand females
have been of special interest in studying
systematics/taxonomy, phenotypic evolution
(Beltran et al., 2022), and the farming of
different invertebrate and vertebrate taxa
including fishes. Sexual differentiation can
arise from natural selection, sexual selection,
or the combination of the two and can most
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likely be attributed to either the female mate
choice or to the male-male competition
(Moore et al., 1990; Abrahao et al., 2019;
Beltran et al., 2022). Sexual selection/
secondary sexual dimorphism has triggered
the evolution of remarkable morphological
novelties among different groups of fishes:
1) sexual size dimorphism (differences
in the mean body size of adult male and
female individuals). It includes female-
biased sexual size dimorphism (females are
larger than males e.g., Gambusia holbrooki,
Orestias gloriae), and male-biased sexual
size dimorphism (males are larger than
females) e.g., [Iranocichla persa and I.
hormuzensis, i1) sexual colour dimorphism/
dichromatism (differences in male and
female coloration as observed in the genera
Aphanius, Aphaniops and Paraphanius,
iii) sexual shape dimorphism (comparative
analysis of shape variation in males and
females using geometric morphometrics
or GM), e.g., Caquetaia kraussi, a cichlid
fish with cryptic morphological behavior
(Hernandez et al., 2022), iv) sexual
structural dimorphism (differences in the
presence or absence of a macrostructure:
clasper, gonopodium, breeding tubercles,
urogenital papilla in males and ovipositor
in females (Esmaeili et al., 2017; Garcia
and Zuanon, 2019; Esmaeili et al., 2020a);
teeth variation as seen in the ray Urotrygon
microphthalmum (de Sousa Rangel et al.,
2016), and differences in the dentition on the
fifth ceratobranchial of males and females
of O. gloriae (Vila et al., 2011); gill glands
in the mature males of Cheirodontinae;
contact organs on the scales and fins of male
profundulids (Velazquez-Veldzquez et al.,
2022; Esmaeili et al., 2023; Sungur et al.
2023); bony hooks along unbranched and
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anteriormost branched rays of the pelvic
and anal fins of male Tyttobrycon shibattai
(Abrahao et al., 2019), and differences in
the length, width, and density of the dermal
denticles on the pectoral fin, area posterior to
the pectoral fin, caudal fin, and pelvic girdle
of mature females and males of the lesser-
spotted catshark, Scyliorhinus canicula
(Crooks et al., 2013), v), sexual olfactory
dimorphism (larger olfactory organs of
mature males of characid fish Tyttobrycon
shibattai (Abrahdo et al., 2019), and vi),
sexual glandular dimorphism (hypertrophied
tissues, caudal fin gland, and caudal fin organ
(see Malabarba and Weitzman, 1999; de
Oliveira et al., 2012; Fukakusa, 2020).

In the order Cyprinodontiformes, secondary
sexual dimorphism is associated with 1) the
occurrence of contact organs on scales and fins
(Esmaeili et al., 2023; Sungur et al., 2023),
i1) size differences and sexual dichromatism/
colouration pattern (Esmaeili et al., 2020b;
Velazquez-Velazquez et al., 2022), iii)
specific structure e.g., gonopodium in males

(Wiley and Collette 1970; Tripathi, 2018;
Esmaeili et al., 2020b; Velazquez-Velazquez
etal., 2022), and iv) otoliths of some aphaniid
fishes (Motamedi et al., 2021; Teimori et
al., 2021). However, comparatively, the
contact organs have received less attention.
These unique structures are found in
some families currently classified in the
order Cyprinodontiformes: Anablepidae,
Cyprinodontidae, and Poeciliidae. Contact
organs originate as bony dermal outgrowths
of the scale margin or the ray (Wiley and
Collette, 1970; Velazquez-Velazquez et
al., 2022); they were first reported by
Garman (1895) as “small spines appearing
on the fins of males in several genera” of
cyprinodontiform fishes during the breeding
season (Wiley and Collette, 1970). The contact
organs have been reported in some species of
the family Aphaniidae classified in the genera
Aphanius, Aphaniops, and Paraphanius based
on Esmaeili ez al., (2020b), or other genera (see
Freyhof and Yogurtcuoglu, 2020) (Table 1).

Table 1. Taxonomic position of aphaniids mentioned in the present study based on Esmaeili et al. (2020), and Freyhof & Yogurtcuoglu (2020).

Esmaeili et al. (2020b)

Freyhof & Yogurtcuoglu (2020)

Aphanius anatoliae (Leidenfrost, 1912)

Aphanius chantrei (Gaillard, 1895)

Aphanius darabensis Esmaeili, Teimori, Gholami &
Reichenbacher, 2014

Aphanius iconii Aksiray, 1948
Aphanius marassantensis Pfleiderer, Geiger & Herder, 2014

Aphanius meridionalis Aksiray, 1948

Aphanius shirini Gholami, Esmaeili, Erpenbeck &
Reichenbacher, 2014

Aphanius sophiae (Heckel, 1847)

Aphanius villwocki Hrbek & Wildekamp, 2003

Aphaniops ginaonis (Holly, 1929)

Aphaniops kruppi (Freyhof, Weissenbacher & Geiger,
2017)

Aphaniops sirhani (Villwock, Scholl & Krupp, 1983)
Aphaniops stoliczkanus (Day, 1872)

Paraphanius alexandri (Aksiray, 1948)

Paraphanius mento (Heckel, 1843)

Paraphanius similis (Aksiray, 1948)

Anatolichthys anatoliae (Leidenfrost, 1912)

Anatolichthys chantrei (Gaillard, 1895)

Esmaeilius darabensis (Esmaeili, Teimori, Gholami &
Reichenbacher, 2014)

Anatolichthys iconii (Aksiray, 1948)

Anatolichthys marassantensis (Pfleiderer, Geiger &
Herder, 2014)

Anatolichthys meridionalis (Aksiray, 1948)
Esmaeilius shirini (Gholami, Esmaeili, Erpenbeck &

Reichenbacher, 2014)
Esmaeilius sophiae (Heckel, 1847)

Anatolichthys villwocki (Hrbek & Wildekamp, 2003)

Aphaniops ginaonis (Holly, 1929)

Aphaniops kruppi (Freyhof, Weissenbacher & Geiger,
2017)

Aphaniops sirhani (Villwock, Scholl & Krupp, 1983)
Aphaniops stoliczkanus (Day, 1872)

Paraphanius alexandri (Aksiray, 1948)

Paraphanius mento (Heckel, 1843)

Paraphanius similis (Aksiray, 1948)
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Materials and methods
Study Area

Azraq wetland is situated in northeastern
Jordan (Figure 1), with an area of 74 km
square featuring both seasonally flooded
expanses and five permanently flooded and
restored water bodies (Figure 2). It is the first
Ramsar site in Jordan declared in 1977. It
hosts the only endemic vertebrate in Jordan,
namely the Azraq toothcarp A. sirhani.
The whole area is protected and managed
by the Royal Society for the Conservation
of Nature as the Azraq Wetland Reserve
where systematic monitoring and restoration
programmes are carried out.

The climate in the Azraq region is harsh and
arid, characterized by a hot and dry summer
with temperatures reaching a height of 40 C°.

Winters are somehow cool with temperatures
reaching 0 C° sometimes. Water abstraction,
habitat loss, and the existing of invasive
species are the greatest threats facing the
Azraq wetland and the ongoing restoration
programmes.

Studied taxa

The scales and anal fin were removed from
the alcohol fixed (70%) specimens collected
from the Azraq Oasis, Jordan, 31°49°59.0”N,
36°49°19.1”E.

Scale preparation

Light microscopy

The scales were removed from six specific
regions along the longitudinal axis of both

Figure 1. Location of the Azraq wetland in northeastern Jordan.
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Figure 2. The permanent flooded type of habitats in the Azraq wetland.

male and female specimens. This extraction
process was performed meticulously using
tiny forceps, as seen in Figure (3). To
prepare the scales used in this study, the
researchers  followed Lippitsch (1990),
Esmaeili (2001), Gholami et al. (2013),
Echreshavi et al. (2021), and Esmaeili
et al. (2023). After removal, the scales
were promptly rinsed with distilled water,
subjected to a cleansing process, and were
then immersed in a 1% potassium hydroxide
(KOH) solution for forty minutes. This
procedure aimed to eliminate the presence
of soft and mucous tissues adhering to the
scales’ surface, using a suitable brush for this
purpose. Subsequently, the scales underwent
dehydration in a sequential series of ethanol
solutions with concentrations of 30%, 50%,
70%, and 90% (with each step lasting thirty
minutes), followed by thorough drying using
filter paper. Finally, to mitigate the potential
torsion of the scale edges, the scales were
placed between two glass slides (Lippitsch,
1990; Figure. 3).

Scanning electron microscopy

As for the scanning electron microscopy, the
scales were removed with fine forceps from
the left side of the body, without damaging the
scale (Lippitsch, 1990, 1995). Immediately
after their removal under a dissecting
microscope, the scales were rinsed in distilled
water, and the adhering and irrelevant tissues
were detached mechanically using a fine
brush and were transferred into a 1% KOH
solution for forty minutes to remove the
soft tissues from the surface (Sadeghi et al.,
2020; Echreshavi et al., 2021; Esmaeili et al.,
2023, Sungur et al., 2023). After dehydration
in 30, 50, 70, and 90% ethanol at thirty-
minute intervals, the cleaned scales were
dried on the Whatman filter papers, and to
avoid curling the margins of the scales, they
were immediately mounted on aluminium
stubs using a double adhesive tape with the
dorsal surface being upward. The stubs were
coated with gold to a thickness of 100 A in a
gold coating unit.
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Figure 3: Image of male Aphaniops sirhani showing six different studied body regions where scales were removed from
the left side of the fish. (A) Key scale below the dorsal fin; (B) middle of the body; (C) dorsal area of the pelvic fin; (D)

caudal peduncle; (E) head region; (F) beneath the pectoral fin.

Digital imaging

The cleaned scales were then subjected
to digital imaging using a Canon EOS 7D
Camera connected to a computer for light
microscopy. The gold coated scales were
subjected to digital imaging usinga TESCAN
vega3 SEM instrument (Shiraz University,
Iran) at 15 or 20 kV., and several images
per scale were captured. The digital images
were then used to do the morphological
descriptions.

Fin preparation and digital imaging

The fins were removed, cleaned, and stained
(bone alizarin and cartilage counter-stained
with Alcian blue), following the technique
recommended by Taylor and van Dyke
(1985). The cleaned and stained fins were then
subjected to digital imaging using a Canon
EOS 7D Camera connected to the computer
for light microscopy (Esmaeili et al., 2023).

Terminology of scales and fin rays

The terms used to describe the characteristics
of scales and fins (Esmaeili et al., 2023) are
as follows:

Contact organs: Dermal protrusions that
are made of bone and are located on the
posterior margin of the scales (ctenus-like
structure on the posterior margin of the
scales in males) or fin ray (spicule-like
structure in the rays of the anal fin of males)
(Figure. 4F).

Fields: The parts of the scale surface in the
anterior, posterior, and two lateral parts
(Figure. 4A).

Focus: The first area of the scale that appears.
The geometrical position of the focus varies
in different forms of scales and may be in the
posterior, anterior, or posterior-central

and central areas of the scale (Figure. 4A).
Circulus/circuli: =~ Continuous  concentric
lines that approximately follow the outline
of the scale and are commonly interrupted
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by radii in the anterior part of the scale (Figure.
4C).Radius/radii: Groove/grooves that usually
radiate from the focus to the edges (Figure. 4A).
Primary radii: Radii that extend from the
focus to the edge of the scale (Figure. 4A).
Secondary radii: The radii that are formed
with the distance from the center and toward
the outer edge of the scale (Figure. 4A).
Tertiary radii: Radii that are positioned
between the scale margin and the focus and
are the shortest radii (Figure. 4A).
Ctenus/cteni: Tooth-like structure(s) that
become ossified. The cteni appear in one or
more rows on the margin of the posterior
field (Figure. 4E).

Granules/tubercles: Protrusions of different
shapes, sizes, and numbers are located on the
posterior part of the scale (Figure. 4D).
Lepidonts: Small tooth-like structures that
are located on the crown of circuli and have
different shapes (Figure. 4B).

Sectioned scales: Scales with well-developed
radii (Figure. 4).

Results
Light microscopy

The overall shapes of the scales in six body
regions in A. sirhani are given in Figure
(5). Scales were relatively large, of the
cycloid type, with numerous radii (sectioned
scale). These cycloid scales were further
categorized into several subtypes being
quadrilateral/square in all body regions of
males, and quadrilateral/square in the A, B,
and D regions, circular/true circular in the
C region, and Intermediate/calyx in the E
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and F regions of the female specimens. The
scales showed the general characteristics of
the aphaniid scales. Each scale displayed a
rostral field, two lateral fields, and a caudal
field, with numerous circuli. The rostral
field is embedded in the dermis, and only
the caudal field is visible on the surface.
The scales from all six regions demonstrated
ctenus-like structures in males (Figure. 5),
but these structures were not present in the
scales of female individuals.

Scanning electron microscopy

The overall shapes of the scales in six body
regions in A. sirhani are given in Figure 6.
The scales were large, of the cycloid type,
with numerous radii (sectioned scale), and
presented general characteristics of aphaniid
scales. Each scale displays a rostral field,
two lateral fields, and a caudal field, with
numerous circuli. Circuli in the rostral
field were closely spaced and interrupted
vertically by primary, secondary, and
sometimes by tertiary radii, while they
were widely spaced and continuous on the
lateral and caudal fields. The change in the
curvature of the circuli, the absence of radii
and a lower number of circuli on the lateral
fields determined the boundary between the
rostral and lateral fields. Fusion of some of
the circuli were mainly on the lateral fields.
The caudal field contained tubercles which
give colour to the fish body. The caudal field
was recognizable due to the remains of the
thin, soft tissue of the skin on its borders,
the widening of the intercircular spaces and
fewer circuli. The caudal field beard tubercles

B
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Figure 4: Morphological terminology of an aphaniid fish scale and ray of the anal fin. (A), general morphology; (B-E),
microstructures on the scale. (F), Digital illustration of the anal fin and its rays.
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Figure 5: Light microscopic photographs of scales from different regions (A-F) in male and female individuals of
Aphaniops sirhani. Arrows show ctenus-like structures (contact organs).

or was without tubercles. Focus was distinct
and clear, with different sizes, almost with
tubercles located in the central position or
slightly toward the posterior.

Based on these SEM figures, none of the
examined females had contact organs in the
form of ctenus-like structures in the posterior
part of their scales, while the male specimens
displayed one to three ctenus-like structures
in the posterior part of the scales (Figure.
6), revealing remarkable structural sexual
dimorphism.

Fin ray

The examined males of 4. sirhani presented
contact organs in the form of spicule-like
structures on the distal end of the anal-fin
rays. These organs were in rows along the
inner surface of the fin rays (Figure. 7), and
spicules were numerous, thin, and small

0.2mm "I
Figure 6: Scanning microphotographs of scales from several regions in male individuals of Aphaniops sirhani. Arrows
show ctenus-like structures (contact organs).

(almost no spicules on the proximal and
middle parts). No spicule-like structures
were seen on the caudal-fin rays. Female
specimens had no contact organs on the anal-
fin rays (Figure. 7).

Discussion

The study provides details of the macro and
microstructure of scales, and the existence
of novel characteristics related to sexual
dimorphism in the scales and anal-fin rays
of Aphaniops sirhani, and aphaniid species
restricted to the Azraq Oasis in Jordan.

Scale morphology

The scales of A. sirhani show the general
main characteristics of aphaniid scales, and
this finding is consistent with the findings
in previous studies on other aphaniids
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Figure 7: Light microscopic photographs of anal fin rays in male (A, B), and female (C) individuals of Aphaniops sirhani.
Arrows show spicule-like structures (contact organs).

(e.g., Gholami et al., 2013; Teimori et
al., 2017 a,b; Esmaeili et al., 2019, 2023;
Esmaeili et al., 2023; Sunger et al., 2024).
The scales exhibited a cycloid morphology,
distinguishing them from the placoid,
ganoid, or ctenoid scales of other bony fishes.
These scales displayed typical features such
as anterior, posterior, and lateral fields, as
well as fin architectural structures including
focus, radii, circuli, inter-circular space,
and lepidonts. The cycloid scales were
in the forms/subtypes of quadrilateral/
square, circular/true, and intermediate/calyx
depending on the sex and their locations on
the fish body. Based on Sunger et al. (2024),
the scales of the genera Anatolichthys and
Paraphanius exhibit a notable level of
diversity, including circular (true circular)
48%, circular (cordate) 24%, quadrilateral
(square) 10%, intermediate (calyx) 8.2%,
polygonal (pentagonal) 4.5%, oval (reversed
ovoid) 2.6%, oval (ovoid) 1.8% and oval
(oblong) 0.9%. Based on Esmaeili et al.
(2023), the spinoid cycloid type scales are
found in Aphanius arakensis, Ap. darabensis,
Ap. kavirensis, Ap. mesopotamicus, Ap.
pluristriatus, Ap. shirini, Ap. sophiae, and
Ap. vladykovi species (placed in the genus
Esmaeilius by Freyhof and Yogurtguoglu,
2020) (Table 1). In A. farsicus, Paraphanius
mento, Aphaniops ginaonis, A. hormuzensis,
A. kruppi, and A. stoliczkanus, the overall
shape is polygonal (pentagonal). Aphanius
baeticus presents quadrilateral (square)
scales, while Ap. isfahanensis demonstrates

polygonal (pentagonal) or circular (discoidal)
scales (Esmaeili et al., 2023). However, it
should be noted that these subtypes exhibited
no sexual dependency, a characteristic shared
with other members of the Aphaniidae
family, as shown by Esmaeili et al. (2023),
and Sunger et al. (2024). Generally, the
morphological variation observed in nature
may be the result of phenotypic plasticity,
ecological character displacement, local
adaptation, genetic divergence, or the
interaction of any of these main factors
(Nicieza, 1995) in the species, subspecies,
populations and even different body parts
of the same individual. At the species level,
morphological differences among the species
are often considered genetic divergent as
consequences of competition and ecological
preferences so that different species exploit
various resources (e.g. Ehlinger and Wilson,
1988; Dynes et al., 1999). However, the
among-population differences are often
considered to be the result of adaptation
to local environmental conditions (e.g.
Mittelbach et al., 1992). To sum up,
variation in morphology has resulted either
from environmental effects on phenotypic
characters or by counteracting genetic
differences between populations (Marcil et
al., 2006).

The scales of many fish taxa show variable
shapes and possess a high degree of
morphological plasticity within species,
specimens, and body parts, often making
a clear identification at the species level
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difficult for some taxa (Ganias, 2014;
Braeger et al., 2017). Similarly, in other
fish body parts, the scale phenotype is also
affected by genetic, environmental and their
covariate effects, during the lifespan of the
fish (Garduno-Paz et al., 2010; Ibanez et
al., 2012; Staszny et al., 2013, 2019). Scale
morphology varies considerably at the
level of species, population (e.g., age, size,
sexual maturity and sex) and different body
regions (e.g., Gholami et al., 2013; Teimori
et al., 2017 a,b; Esmaeili et al., 2019, 2023;
Motamedi et al., 2020; Sabbah et al., 2021;
Al Jufaili et al., 2021; Sunger et al., 2024).
Within the same population, the plasticity in
scale morphology is likely to be in connection
with the ontogenetic development of the fish
body shape, which was described in detail
in several studies (see Zelditch and Fink,
1995; Reis et al., 1998; Braeger et al., 2017,
Staszny et al., 2019).

Some scale morphological characteristics
can be used as diagnostic features at the
genus level for aphaniids. Males of the
genus Anatolichthys can be distinguished
from the genus Paraphanius by having a
higher number of ctenus-like structures and
a wider distribution range (vs. a low number
of ctenus-like structures and a narrow
distribution range). Esmaeili et al. (2023)
revealed variations in the position, quantity,
and dimensions of contact organs across
many typical species of the Aphaniidae
family, such as Aphanius (=Esmaeilius),
Aphaniops, and Paraphanius.

Sexual dimorphism

Sexual dimorphism refers to differences
between males and females of a species in
secondary sex-related features, including
body size, colour pattern, morphological
details of specific body parts, and behaviour
(Esmaeili et al., 2023). Sexual colour
dimorphism/dichromatism (SCD) is the main
and primary sexual dimorphism recorded
for the aphaniid species (see Esmaeili et
al., 2020). As in all members of the family
Aphaniidae, sexual colour dimorphism is
pronounced in Aphaniops sirhani (Figure. 8).

Males of A. sirhani exhibit a series of dark
vertical bars on the flanks with usually two
bars in the caudal fin. The fins are yellowish
with some dark markings, especially in
the dorsal and caudal fins. Females are
larger and much plainer possessing only a
series of irregular dark spots on the body and
completely hyaline finnage. Male individuals
of Paraphanius display a colour pattern
consisting of various shades of grey, blue, or
nearly black bodies, often accompanied by
irregularly shaped and positioned iridescent
blue-white to silvery spots (Freyhof and
Yogurtcuoglu, 2020; Esmaeili et al., 2020,
2023; Sunger et al., 2024). These spots
may form narrow vertical rows along the
flanks, particularly in juvenile specimens.
Furthermore, males possess a caudal fin that
features very narrow rows of blue—white or
silvery spots, or small blotches, arranged in
bands against a black or blue background
(Freyhof and Yogurtcuoglu, 2020). Male
Anatolichthys present black or dark-brown
bars in the caudal fin, a series of black or
brown patterns in the flanks, and black dorsal
and anal-fin margins. Female Anatolichthys
present a bold, black spot at the center of the
caudal-fin base (Freyhof and Yogurtcuoglu,
2020).

Besides the sexual colour dimorphism,
in a recent study conducted by Esmaeili
et al. (2023) on sixteen aphaniid species
(classified under the three genera Aphanius,
Aphaniops, and Paraphanius), the presence
of a new morphological characteristic
(contact organs/ctenus-like structures) on the
scales of male individuals were observed and
documented. In another work by Sunger et
al. (2024) on nine species and two genera of
aphaniids including Anatolichthys anatoliae,
An. chantrei, An. iconii, An. marassantensis,
An. cf. meridionalis, Anatolichthys sp., An.
villwocki, Paraphanius alexandri, and P.
similis, the researchers documented the
presence of contact organs in the forms of
ctenus-like structures in the posterior margin
of the scales, and spicule-like structures in
the anal-fin rays of males in all examined
species. The present study revealed that
these contact organs are present in the
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Figure 8: Sexual colour dimorphism in Aphaniops sirhani. male (upper) and female (lower).

posterior margin of the scales and anal-fin
rays of males in another aphaniid species (4.
sirhani). The contact organs are not present
in the scales of female specimens of A.
sirhani (present study) and all other studied
aphaniids except Aphaniops ginaonis though
females had fewer contact organs (Esmaeili
et al., 2023; Sunger et al., 2024).

Aphaniops  sirhani presents ctenus-like
structures in the scales of all the six examined
regions. This also applies to some other
congeneric species including A. kruppi and
A. stoliczkanus (Esmaeili et al., 2023).

The variation is observed in the scales of

other male aphaniids being in one or more
areas of the fish body in the male specimens:
being in one region (An. Anatoliae,
Aphanius darabensis), two regions (An.
marassantensis), three regions (An. iconii and
An.ct.meridionalis), fourregions (Aphaniops
ginaonis), five regions (An. chantrei, An.
villwocki, Paraphanius alexandri, and P.
similis, Aphanius vladykovi), and six regions
(Anatolichthys sp.), (Esmaeili et al., 2023;
Sunger et al., 2024).

In addition, the location, number, and extent
of contact organ development varied intra-
and interspecifically in the aphaniid species.
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The number of contact organs on the scales
of the genus Aphaniops are more than those
in the genera Aphanius and Paraphanius,
and they were short, pointed, and wide
covering almost the entire posterior area of
the scales (Esmaeili et al., 2023). Most of the
species of the genus Anatolichthys are also
characterized by a higher number of ctenus-
like structures and a wider distribution range
and were variously short, pointed and wide
in shape (Sunger et al., 2024). However,
the species of the genus Paraphanius are
characterized by a low number of long
and pointed ctenus-like structures limited
to a region in the posterior part of the
scales (Sunger et al., 2024). Hence, these
characteristics might provide a taxonomic
and evolutionary signal. Variations are also
found in the position of contact organs in the
fin rays of aphaniids as presented in Figure
(9) (Esmaeili et al., 2023; Sunger et al.,
2024, and the present study).

Contact organs have long been known in
fish-related publications under a confusing
variety of terms (Kang et al., 2013; Tripathi,
2018; Velazquez-Velazquez et al., 2022).
Esmaeili et al. (2023) have shown that
contact organs in male aphaniid fishes

Anatolichthys anatoliae Aphanius arakensis Anatolichthys chantrei

Anatolichthys sp. Anatolichthys villwocki

Aphaniops hormuzensis Aphaniops kruppi Aphaniops sirhani] Aphaniops stoliczkanus

mostly manifest in mature individuals
and during periods of active reproduction.
During the spawning season, several species
of aphaniids, including Aphanius fasciatus,
show courtship displays. In this habit, both
male and female individuals exhibit a strong
affinity for one another, maintaining close
physical proximity by adhering to each
other’s posterior regions. Notably, the male
fish envelops the whole of the female fish
body with its own. The conduct serves as
evidence for the presence and importance
of contact organs in reproductive processes
(Grech and Schembri, 1993; Cavraro et al.,
2013).

Conclusion

The findings of this study demonstrate that
Aphaniops sirhani (1) exhibit sexual colour
dimorphism, (i1) their cycloid scales display
phenotypic flexibility across several body
regions, (iii) sexual dimorphism in their
contact organs is seen in the forms of ctenus-
like structure (in the posterior margin of
the scales), and in the form of spicule-like
structures on the distal end of the anal-fin
rays in male individuals; such structures are

Aphanius darabensis Aphanius farsicus Anaroucmys iconii

Aphanius baeticus

e

Aphanius isfahanensis Aphanius kavirensis  Anatolichthys marassantensis Anatolichthys meridionalis  Aphanius mesophotamicus Aphanius pluristriatus

Aphanius viadykovi

Figure 9: Light microscopic photographs of anal fin rays in male individuals of 27 aphaniid species. Arrows show
spicule-like structures (contact organs), based on Esmaeili et al. (2023), Sunger et al. (2024), and the present study.
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mostly functional and facilitate the physical
contact between male and female individuals
during the active phase of reproduction, (iv)
females do not exhibit contact organs, and
(v) variations in size, number, and position
of contact organs in aphaniids might provide
a taxonomic and evolutionary signal.
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