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Objectives: Recent studies on teleost fish evolution compare both molecular and morphologi- Revised December 27, 2024
cal data to evaluate the taxonomic relationships. Therefore, the objective of our current study Acce.pted January 15, 2025
was to assess the potential of using scale microstructures for the taxonomic identification of Published August 18, 2025
two fish species, i.e., Hypophthalmichthys molitrix and Otolithes ruber. KEYWORDS

Materials and Methods: Eighty individuals of each carp species were collected from the
Quetta fish market between August 2021 and January 2022. Then, microstructures, i.e.,
scale length and width, focus position, and the number of radii and ctenii of each fish scale
obtained from five different fish-body regions, were examined. These measurements were
used to compare the variations in scale microstructures between two fish species and may

also help evaluate their potential utility in more accurate species identification and system-
atic classification. BY

Results: The overall results reveal statistically significant variations (p < 0.05) between all
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examined scale microstructures, including the length or width of the scale, the focus position, article distributed under the terms of
and the number of radii or ctenii present on the fish scale, obtained from five body regions of the Creative Commons Attribution 4.0
two carp fish species. These results exhibit the potential utility of microstructure studies as a License (http://creativecommons.org/
reliable approach for systematic identification. Therefore, our findings support the usage of licenses/by/4.0)

fish scale microstructures as a valuable and non-invasive tool for taxonomic identification of
any fish species. Moreover, this technique may specify the actual impact of these scale fea-
tures as valuable tools for the conservation and management of endangered or threatened
fish species.

Conclusion: Our study provides a foundation for future systematic research and offers a satisfac-
tory approach for non-invasive taxonomic identification.
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Introduction

Fish scales are dermal structures that are found on the
fish’s body and are also essential for taxonomic identifica-
tion due to their species-specific characteristics. Moreover,
scales play useful roles in movement and also protect
against the impact of various environmental factors, par-
asites, or predators [1]. The fish scale morphology is a
significant tool, which is not only used in taxonomic identi-
fication but also helps in analyzing the diets of piscivorous
predators and in conducting paleontological studies. The
shape and distribution of fish scales across different body
regions can help in distinguishing fish species and their
populations [2].

Variations in the shape of fish scales have been widely
utilized for identifying and differentiating fish populations
by various researchers, such as Hina et al. [3] and Feeney
et al. [4]. Since fish scales exhibit significant differences in
size, shape, structure, and arrangement within the same
or different body regions, a wide variety of scale shapes,
including elliptical, rectangular, triangular, pentagonal,
square, oblong, and circular, have been observed in many
bony fishes [2, 3].

Not only fish scales but also other microstructures,
including, e.g., scale shape, size, number of ctenii, shape and
type of ctenii, number of radii, focus position on the scale,
number of circuli, presence or absence of chromatophores,
and the structure of the lateral line canal opening on the
scale, have been used in the taxonomic classification of fish
species [5]. Consequently, several recent studies, such as
those by Al Jufaili et al. [6] and Teimori et al. [ 7], have incor-
porated additional scale features and microstructures into
taxonomic keys for fish identification. These microstruc-
tures, such as circuli, radii, ctenii, and chromatophores,
are commonly used to classify fish into various taxonomic
categories, i.e,, orders, families, genera, and species, by
numerous researchers, including Echreshavi et al. [2], Zhu
et al. [8], Kontas et al. [9], Rawat et al. [10], and Ibafiez et al.
[11]. The number and arrangement/space of circuli on a
scale may also vary according to the fish growth rate or
due to changes in external water temperature [4].

Scanning electron microscopy (SEM) is an advanced
technique that has greatly supported the study of fish scale
microstructures, which are now widely used in taxonomic
and phylogenetic research by various authors, such as
Echreshavi et al. [2] and Esmaeili et al. [12]. For example,
Ibafiez and O’Higgins [13] reported that fish scale size and
shape are species-specific and can therefore be used to
determine fish stock relationships. Thus, fish scales repre-
sent an excellent, affordable, and readily accessible mate-
rial that can be utilized for the identification of fish species,
regardless of the anatomical region sampled or the avail-
ability of other biological materials for systematic studies.

http://bdvets.org/javar/

Traditional methods used for the identification of fish
species often involve invasive sampling techniques, which
can pose a threat to endangered and vulnerable popula-
tions. Recently, non-invasive approaches, such as analyz-
ing fish scales without harming or killing fish, have gained
considerable attention. However, there remains a notable
shortage of published literature focusing on the use of fish
scale morphology and its microstructures as a non-inva-
sive approach for taxonomic identification or phyloge-
netic analysis, particularly in species such as silver carp
(Hypophthalmichthys molitrix) and tiger tooth croaker
(Otolithes ruber). To address this knowledge gap, the pres-
ent study was conducted to investigate variations in scale
microstructures, including, i.e., scale length and width,
focus position, and the number of radii and ctenii among
these two species, and to evaluate their potential as valu-
able systematic tools for species classification.

This study is novel in its approach to leveraging scale
microstructures for taxonomic and phylogenetic purposes.
While traditional morphological and genetic methods are
commonly used for species identification [3, 5, 7], they
often require invasive techniques that can harm the speci-
mens. Therefore, our current research offers a non-invasive
alternative technique that could be particularly valuable
for studying endangered or ecologically significant species.
Furthermore, the comparative analysis of microstructures
across different body regions has not been previously
explored for these two species, making this study a pio-
neering effort in this domain.

Materials and Methods
Ethical approval

In the present study, we have used only dead fish samples;
however, all study protocols and methods used in the cur-
rent study had received approval (with approval number
F18-MPhil-Zol-1577) from the Departmental Research
Ethics Committee of the Zoology Department of Sardar
Bahadur Khan Women'’s University, Balochistan.

Fish sample collection

In this study, a total of 160 fish samples, 80 samples each
of 0. ruber and H. molitrix, were collected from a local fish
market located near the joint road of Quetta city from
August 2021 to January 2022. The size (TL) of each fish
sample was measured in centimeters by scaling (Table 1).

Fish scale slide preparation

To observe the microstructures of fish scales, microscopic
slides were prepared using the procedures described by
Masood et al. [14, 15]. Fish scales were removed from five
different body regions of each fish sample, as shown in
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Figure 1A: HS = scales from the head region, LLS = scales
from the lateral line region, CS = scales from the caudal
region, DRS = scales below the dorsal fin region, and PFS =
scales from the pectoral fin region.

Five to six scales were collected from each body region
of the fish using forceps and were soaked in hot water con-
taining 10 drops of 10% NaOH solution. A soft painting
brush was used to remove the mucus and dust particles
from the surface of each scale. Then, the scales were trans-
ferred to different grades of ethyl alcohol solutions (30%,
50%, 70%, and 90%) for dehydration. The scales were
then dried using filter paper. A glycerin drop was added to
each scale placed on a microscopic slide to prevent it from
drying. Another slide was placed on top of the first slide,
pressed gently to prevent them from curling after drying,
and kept for an hour. A paper tape was wrapped on both

Table 1. Size of H. molitrix and O. ruber.

ends of each slide for tagging with a code for further study
of scale structure under a Leica A60 stereomicroscope and
SEM Model JSM-7610F.

Each scale parameter was measured in millimeters
(mm), and their abbreviations were as follows: TLS, total
length of scale; WDS, width of scale; r, focus position or
scale radius; nCt, number of ctenii on scale; and RDS, number
of radii on scale (Fig. 1B).

Microscopic analysis of fish scales using SEM

For the analysis of fish scales using SEM, five clean and dehy-
drated scales were prepared and stored between two micro-
scopic glass slides for 6 h to dry and prevent curling. The
scales were then mounted on SEM stubs using double-sided
self-adhesive carbon stickers and were coated with a 100 A
thick layer of gold using a Polaron E 5100. Despite using an

Fish species L (cm) W (gm) L range W range
Mean +S.D S.E Mean +S.D S.E Min. Max. Min. Max.

H. molitrix 36.70 £ 2.39 0.379 771.5+48.2 23.4 32.0 40.0 546.0 1062.0

O. ruber 28.60 + 1.446 0.229 246.9 +£20.1 3.17 26.0 31.0 220.0 292.0

Note: Number of fish samples for each species (N) = 80; S.E = Standard Error of mean; S.D = standard deviation of mean.

DRS

Number of
Radii
(RDS)

Focus

Number of Ctenii
(NCH)

Scale
Length
(TLS)

Figure 1. Fish scale analysis: (A) Distribution of scales collected from five different body regions

of fish and (B) Microstructures of fish scales.
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SEM (LEO 1430VP) at 15 kV, five images of each scale were
captured. The microstructures of each scale were observed
at an excessive magnification of over x 2,000 using the tech-
nique developed by Masood et al. [14].

Statistical analysis of data

All data were analyzed using MS Excel and the statistical
software Minitab version 17.1.

Table 2. Abbreviations used for five scale parameters and five
different fish body parts.

Scale characters Abbreviation’s

Total length of fish body L
Length of fish scale TLS
Width of fish scale WDS
Number of ctenii on scale nCt
Total number of radii count on scale RDS
Position of focus r

Five fish body regions for collection of scales

Head region scales HS
Caudal region scales cs
Pectoral-fin scale PFS
Dorsal body region scale DRS
Lateral line region scales LLS

Results

Scanning electron microscopy (SEM) analysis of fish scale
microstructures

The descriptive statistical analysis of each scale parame-
ter, including the length of scale (TLS), WDS, focus position
(r), number of radii (RDS), and number of ctenii (nCt), was
recorded in Table 2. During the SEM study of scales in both
species, it was observed that O. ruber had only ctenoid-
type scales, while H. molitrix had only cycloid-type scales.
In this study, only ctenoid scales were found in O. ruber,
which can be attributed to the greater need for protection
in marine fishes as compared to freshwater species.

The fish scale microstructures were also analyzed using
SEM in this study. Descriptive statistical analyses were con-
ducted for each fish scale microstructure, including total
scale length (TLS), width (WDS), focus position (r), num-
ber of radii (RDS), and number of ctenii (nCt), as shown in
Table 3. Moreover, the largest scales were observed in H.
molitrix, while the smallest were found in O. ruber, which
also indicates significant variations in scale size between
these two fish species (Figs. 2, 5).

Furthermore, our present study revealed that the fish
scale width in O. ruber was significantly greater than
that in H. molitrix. A great variation in scale size was also
observed among the five selected body regions of the
fish. For example, the head scales were much smaller in

Figure 2. Scales of H. molitrix: A = Caudal scale; B = Dorsal region scale; C = Lateral line
scale; D = Head scale; E = Pectoral-fin scales.

http://bdvets.org/javar/
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Figure 3. Scanning electron microscopy (SEM) photographs of HS = head scales; DRS = dorsal region
scales; LLS = lateral line scales; PFS = pectoral-fin scales; CS = caudal scales of H. molitrix.

size than those found in the other four body regions of H.
molitrix. Additionally, a notable variation was observed in
the number of radii across the five different body regions.
The head scales contained only a few radii, whereas the
scales from the caudal, pectoral fin, dorsal, and lateral line
regions had a large number of radii (Figs. 2, 3). Although
the lateral line scales were much larger than the scales in
other body regions, their radii were not clear and were
rough due to friction during swimming. Conversely, the
caudal region scales, although smaller in size, had large

http://bdvets.org/javar/

numbers of radii that were clearly visible (Fig. 3). The head
and caudal region scales of O. ruber were small, with both
ctenii and radii being clearer and more numerous than
those obtained from the dorsal, pectoral, and lateral line
regions (Figs. 4, 5). Therefore, the study showed remark-
able variances between the scales of these two species in
various scale microstructures, such as scale length and
width, focus position, and the number of radii. In H. molitrix,
the scales were small and round, and the focus was more
toward the posterior-central position, while in O. ruber,
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Figure 4. Scales of O. ruber: A = Caudal scale; B = Dorsal region scale; C = Lateral line scale; D = Head scale; E =
Pectoral-fin scales.

the scales were large and oblong, and the focus was found
in the center of the scale (Figs. 2, 5).

The number of radii was dependent on the speed of fish
movement during swimming, and thus the number of radii
was larger in the scales of 0. ruber and ranged from 19 to
40 (Fig. 5), while smaller in the scales of H. molitrix, ranging
from 0 to 20, indicating that O. ruber was a faster swimmer
than H. molitrix (Fig. 3). The ctenii were present only in O.
ruber and ranged from 30 to 40 in number. The position of
scales in different body regions of fish is an indication of
the condition of the external environment. Therefore, the
scales obtained from the lateral line region and the dorsal
and pectoral fin regions were rougher in structure than the
head and caudal scales. Moreover, both head and caudal
region scales were smaller in size than the dorsal, pectoral,
and lateral line region scales (Figs. 4, 5).

Key contribution

This study demonstrates the potential of analyzing fish
scales for non-invasive taxonomic identification of fish spe-
cies. The results highlight the importance of non-invasive
techniques for the conservation of endangered or threat-
ened fish species and provide a basis for future research
in this field.

http://bdvets.org/javar/

Discussion

As the taxonomic identification for any fish species is
quite necessary for the management and conservation of
its biodiversity. As a result, since the 1900s, scales of fish
have been widely used for genus or species identification,
and their several microstructures have also been used
as discriminating features or taxonomic keys for them.
Therefore, Ibafiez et al. [5] applied the scale characters for
the identification of genus, species, or local populations of
the family Mugilidae and found that the use of fish scale
shape displays guarantees stock discrimination and may
lead to a significant or practical fisheries management tool.
Scale shapes offer identification tools that could be consid-
ered as arapid, reliable, and cheap material for on-the-spot
identification. While the use of otoliths or genital materials
for this purpose is more labor-intensive and expensive, it
requires equipment [16].

With the advancement in both optical microscopy and
SEM in the 20th century, scale microstructures have been
assumed to be significant features that could be used in
fish taxonomy or classification. Therefore, scanning elec-
tron microscopy (SEM) studies of fish scales and their
microstructures appear to have a prominent value in the
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TERCUESS

Figure 5. Scanning electron microscopy (SEM) p

identification of fish species by several workers, including
Teimori et al. [7] and Jawad and Al-Jufaili [17].
Furthermore, new details of microstructural features
of fish scales have provided remarkable value in the cor-
rection of identification and classification of fish [11, 12].
Esmaeili et al. [12] used scale surface microstructures to
classify different fish groups at the species level. Their find-
ings revealed that fish scale shape may also vary based on
fish habitat, age, and size. Similarly, Viertler et al. [1] ana-
lyzed variations in fish scale morphometric characteristics,

http://bdvets.org/javar/

hotographs of HS = head scales; DRS = dorsal region
scales; LLS = lateral line scales; PFS = pectoral-fin scales; CS = caudal scales of O. ruber.

such as scale size and shape and ctenii coverage, among
240 cichlid species of the family Cichlidae from Africa’s
Lake Tanganyika. These variations were attributed to vari-
ances in their habitat use, feeding ecology, and fish body
shape. Their study highlighted that scale size is strongly
correlated with phylogeny, whereas scale shape and ctenii
coverage primarily indicate taxonomic group and eco-
type, reflecting an adaptive constituent. In addition, they
also proposed that scale measurements could assist in
connecting individual fish scales with specific taxonomic
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Table 3. Descriptive statistical analysis of each scale character of two fish species (H. molitrix and O. ruber).

H. molitrix (N = 80)

Otolithes ruber (N = 80)

Variable
Mean +S.D S.E Min. Max. Mean +S.D S.E Min. Max.
Head region scales (HS)
L 367.0+23.9 3.79 320.0 400.0 286.0+14.4 2.29 260.0 310.0
TLS 2.6+0.5 0.08 2.0 4.0 3.7+1.0 0.16 2.0 5.0
WDS 22+04 0.06 1.5 3.0 29+0.6 0.09 2.0 4.0
r 1.3+0.2 0.04 1.0 2.0 1.8+0.5 0.08 1.0 2.5
nCt 0.0+0.0 0.00 0.0 0.0 57+7.8 1.24 0.0 20.0
RDS 34+1.1 0.18 1.0 6.0 6.4+4.1 0.65 0.0 13.0
Caudal region scales (CS)
L 367.0+23.9 3.79 320.0 400.0 286.0+14.4 2.29 260.0 310.0
TLS 44+05 0.08 3.0 3.0 4.1+0.6 0.10 3.0 5.0
WDS 3.6+0.5 0.08 3.0 5.3 4.1+0.6 0.10 3.0 5.0
r 2.2+0.2 0.04 15 2.5 2.0+0.3 0.058 1.2 2.5
nCt 0.0£0.0 0.00 0.0 0.0 34.8+10.3 1.64 0.0 56.0
RDS 7.8+3.6 0.57 2.0 16.0 21435 0.56 14.0 29.0
Pectoral-fin scales (PFS)
L 367.0+23.9 3.7 320.0 400.0 286.0+14.4 2.2 260.0 310.0
TLS 47+05 0.1 4.0 6.0 46+0.6 0.1 3.5 6.0
WDS 3.4+0.5 0.1 2.5 4.5 43+0.8 0.1 3.0 6.0
r 2403 0.0 2.0 4.0 2.2+0.3 0.0 1.5 3.0
nCt 0.0£0.0 0.0 0.0 0.0 7.7+84 1.3 0.0 25.0
RDS 14+20 0.3 0.0 9.0 16.1+4.1 0.6 10.0 28.0
Dorsal body region scales (DRS)
L 367.0£23.9 3.7 320.0 400.0 286.0+14.4 2.2 260.0 310.0
TLS 29+0.5 0.0 2.0 4.0 3.7+0.7 0.1 2.0 5.0
WDS 29+0.6 0.1 2.0 5.0 3.3+0.9 0.1 2.0 5.0
r 1.4+0.2 0.04 1.0 2.0 1.8+0.4 0.0 1.0 25
nCt 0.0+£0.0 0.0 0.0 0.0 8.9+10.3 1.6 0.0 33.0
RDS 57+20 0.3 1.0 10.0 16.4+5.5 0.8 6.0 26.0
Lateral line region scales (LLS)
L 367.0+23.9 3.7 320.0 400.0 286.0+14.4 2.2 260.0 310.0
TLS 47404 0.07 4.0 5.5 4.0+09 0.1 3.0 6.0
WDS 38+04 0.07 3.0 5.0 41+0.7 0.1 3.0 6.0
r 2.3+0.2 0.03 2.0 2.7 19+04 0.0 1.2 3.0
nCt 0.0+£0.0 0.0 0.0 0.0 9.0+8.7 13 0.0 25.0
RDS 23+£25 0.4 0.0 11.0 18.2+5.1 0.8 6.0 28.0

Note: SD = standard deviation of mean, SE = standard error of mean.

groups, phylogenetic histories, or ecotypes, including fos-
sils. Ibanez et al. [11] examined site-specific variations in
the morphometric characteristics of fish scales collected
from five Cyprinidae species in New Zealand and Turkey.
Echreshavi et al. [2] used optical light microscopy and
SEM to study scale features of Garra sharq and found

that the types, sizes and shapes of scales, lateral surface,
focus position, circuli appearance, radii type, lepidonts,
and posterior and anterior margin shapes can effectively
contribute a key role in the identification and classifica-
tion of three size classes of an endemic cyprinid fish spe-
cies, i.e., G. shargq, from the Arabian Peninsula. Their study
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demonstrated that these fish scale characteristics could
serve as an alternative tool for the identification, classifi-
cation, and phylogenetic analysis of different freshwater
fish species and genera. Similarly, in our present study, a
comparative analysis of various scale microstructures of O.
ruber and H. molitrix was presented to examine valuable
scale microstructures that could be later used for observ-
ing the differences in these scale characters between the
interspecific and within the same species among the five
different body regions of the two fish species. Like earlier
workers, both H. molitrix and O. ruber of this study can
also be classified or identified by using some microstruc-
tures that might be seen or not in any other fish species. A
detailed morphological study of scales in these two species
has shown a certain degree of variation in scale shapes and
types, focus position, the number of ctenii, and the num-
ber of radii found on their scale. The arrangement of the
circuli depends on fish scale shapes, and the inter-circulus
space is maximum in the lateral and least in the anterior
field on the scale. The formation of radii is also correlated
with the surface area of both the anterior and lateral fields
of fish scales. Moreover, if the fish scale is more flexible or
the nutritional condition of the fish is much better, then
the number of radii would be increased accordingly [17].
The position focus in scales of H. molitrix (silver carp) of
the present study was very clear and sharp in the scales
below the dorsal fin and lay more toward the anterior
part of the fish scale, like in the scales of some other carp
fishes, i.e., Tor putitora and Catla, as previously reported by
Jawad and Al-Jufail [17]. Thus, our study showed some
valuable scale characters, which provide evidence that
could be supportive in their systematic study.

Al-Awadhi et al. [18] analyzed the variations in the
scale microstructures, such as the inner and outer lateral
circuli, inter-radial circuli, and the shape of their denticles,
inter-radial and inter-circular grooves, and shapes of ctenii
on scales among three fish species (Epinephelus latifascia-
tus, Epinephelus bleekeri, and Epinephelus coioides) found
in the Arabian Gulf of Kuwait. Teimori [19] conducted a
study that examined the great diversity in scale shapes,
focus position, primary radii, and a few spine shapes in the
posterior field of scales within the same species or popula-
tions of morphologically related Aphanius species, namely,
Aphanius stoliczkanus and Aphanius hormuzensis, gathered
from the southern part of Iran. The study indicated that
these variations were influenced by environmental factors
and genetic variations. Mekkawy et al. [20] studied the
variation in some scale characteristics, such as the num-
ber of radii and the shapes of ctenii, among different body
regions in three Lutjanus species (L. bohar, L. ehrenbergii,
and L. monostigma) collected from the Red Sea of Egypt.
They observed that the variability in scale morphology
and its microstructures among these Lutjanus species was

http://bdvets.org/javar/

a significant tool in generic or species discrimination and
habitat adaptation.

Fish scale mechanical characteristics vary due to factors
such as anatomical position, dry and wet conditions, scale
anisotropy (which decreases from head to tail), over-
lapping regions, and temperature fluctuations [21]. The
aquatic environment’s climate plays a key role in fish scale
morphology and overall body growth. Environmental pol-
lution, including oil exploration and exploitation, can cause
significant variation in scale structure across different
body regions of a single fish [15]. Bahadur-Dura et al. [22]
observed that fish species develop defense mechanisms,
including changes in scale shape or thickness, which pro-
vide better protection from environmental factors and
predators. Wainwright et al. [23] studied scale morphol-
ogy in 59 species of damselfishes (family Pomacentridae)
and found that fish body shape reflects ecological differ-
entiation, which may be linked to scale shape, but not its
surface structures. They also discovered a weak evolu-
tionary relationship among various scale morphology
traits, but found a strong link between fish scale size and
shape. Additionally, they identified an inverse relation-
ship between the number and size of lateral line pores
and scale morphology, highlighting the complex evolution
of scales. Scale morphology also adapts to different flow
environments, with species in open-water habitats having
smoother scales. Additionally, the variation in scale shape
is considered a significant character for sexual dimor-
phism in fish populations by Hina et al. [3] and Jawad and
AL-Jufail [17]. Mehanna et al. [24] observed the variations
in the shapes of lateral line canals found on the scales
obtained from Caranx melampygus and Carangoides bajad
as a valuable systematic character for observing the differ-
ences between these two fish species found in the Red Sea
of Egypt, which was inconsistent with our present study.

Moreover, the weaknesses and limitations of using scale
morphology and its microstructures for taxonomic identi-
fication and phylogenetic relationships of fishes, and par-
ticularly in silver carp (H. molitrix) and tiger tooth croaker
(O. ruber), can be defined as follows: (1) As significant
intraspecific variations may exist within individuals of the
same species due to environmental factors, growth stages,
and diet, potentially confounding the identification process,
therefore, use of scale features or microstructures like scale
length, width, radii count, focus position, and ctenii distri-
bution might overlap between individuals belong to popu-
lations of same species or limiting their diagnostic utility
for clear taxonomic distinction. (2) External environmental
conditions, such as water temperature, salinity, and habi-
tat, can affect the development of scale microstructures,
which may lead to inconsistent results. (3) The observation
and measurement of microstructures may involve subjec-
tive interpretation, leading to variability in results across
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different researchers. (4) Although by using this non-in-
vasive technique, scale collection might still cause minor
physical damage to the fish, especially in its delicate regions
like the head and pectoral fin. (5) Scale morphology may
only be reliable for differentiating species within closely
related taxa; however, it might be ineffective for distant phy-
logenetic relationships. Therefore, our current study also
addresses these limitations by systematically observing
and quantifying variation in scale microstructures across
five body regions (head, pectoral fin, dorsal body, caudal,
and lateral line) in H. molitrix and O. ruber. By focusing
on measurable parameters (length, width, focus position,
radii, and ctenii), the study seeks to enhance the reliability
of scale morphology for systematic purposes and provide
insights into its application in species identification.

Conclusion

Thus, from the comparative study of various scale param-
eters among two fish species, it was concluded that, like
other external body morphological characters of fish, the
scale microstructures such as radii, focus, ctenii, scale
shape, and size are different in different fish species, and
all these microstructures are unique and could also be
important for taxonomical applications or some other
important applications instead of using some biochemical
or biomolecular studies. Moreover, our present work is
the first time that describes some new scale microstruc-
tures of two different fish species, such as O. ruber and H.
molitrix, which were not investigated before. In addition,
these scale characteristics could also be used easily in the
taxonomic identification of live, threatened, or endangered
species without Kkilling these fish. Therefore, our data
could be a valuable resource for taxonomic research and
the interpretation of fossil discoveries.

List of abbreviations

CS, Caudal region scales; DRS, Dorsal body region scale;
HS, Head region scales; L, Total length of fish body; LLS,
Lateral line region scales; nCt, Number of ctenii on scale;
PFS, Pectoral-fin scale; r, Position of focus; RDS, total num-
ber of radii count on scale; TLS, Length of fish scale; WDS,
Width of fish scale.

Acknowledgment

The authors thank Ms. Hina Gul for her assistance in the
use of scanning electron microscopy (SEM) for the analysis
of fish scales. They also thank Ms. Farhat Igbal for her guid-
ance in the completion of the present work and the prepa-
ration of this manuscript. They also express gratitude to
Prof. Dr. Patricio R. De los Rios-Escalante from Universidad
Catolica de Temuco of Chile for his guidance in this research

http://bdvets.org/javar/

work and for his help in providing financial support under
the research grant Project No. MECESUP UCT 0804.

Conflicts of interest

All authors declared that they have no competing inter-
ests and also disclosed non-financial interests, which may
later influence the work as reported in this manuscript. All
authors agreed to publication in this journal.

Authors’ contributions

Conceptualization by QA and ZM. Methodology by Al, QA.
Data analysis by ZM and MBS. Writing the original draft by
Al and ZM. Review, writing, and editing by ZM, MK, MBS,
MY, PRDRE, and WA. Software and validation by MK, MY,
and PRDRE. Supervision of the project by ZM and QA. All
authors have read and agreed to the published version of
the manuscript.

References

[1] Viertler A, Salzburger W, Ronco F. Comparative scale morphology
in the adaptive radiation of cichlid fishes (Perciformes: cichlidae)
from Lake Tanganyika. Biol J Linn Soc 2021; 134(3):541-56;
https://doi.org/10.1093 /biolinnean/blab099

[2] Echreshavi S, Al Jufaili SM, Esmaeili HR. Imaging scale surface
topography of an endemic cyprinid fish, Garra sharq from the
Arabian Peninsula: an integrated optical light and scanning
electron microscopy approach. Acta Zool 2023; 104(4):657-76;
https://doi.org/10.1111/az0.12449

[3] Hina GG, Zubia M, Quratulan A, Semra B, Asim UK. Assessing sexual
dimorphism and systematic with the biometry and scale charac-
teristics of Black pomfret, Parastromateus niger (Bloch, 1795).
Res Mar Sci 2021; 6(2):899-914.

[4] Feeney R, Trueman CN, Gargan PG, Roche WK, Shephard S. Body
condition of returning Atlantic salmon Salmo salar L. correlates
with scale §13C and 815N content deposited at the last marine
foraging location. ] Fish Biol 2024; 105:1455-68; https://doi.
org/10.1111/jfb.14968

[5] Ibafiez AL, Cowx IG, O’Higgins P. Geometric morphometric
analysis of fish scales for identifying genera, species, and local
populations within the Mugilidae. Can ] Fish Aquat Sci 2007;
64(8):1091-100; https://doi.org/10.1139/F07-075

[6] Al Jufaili SM, Masoumi AH, Esmaeili HR, Jawad L, Teimori A.
Morphological and microstructural characteristics of scales in
longnose goby Awaous jayakari (Teleostei: gobiidae): Light and
scanning electron microscopy approaches. Microsc Res Tech
2021; 84(12):3128-49; https://doi.org/10.1002/jemt.23871

[7] Teimori A, Esmaeili MR, Motamedi M. Scanning electron micros-
copy and morphological analysis reveal size-dependent changes
in the scale surface ornamentation of tooth-carp Aphaniops
hormuzensis (Teleostei: aphaniidae). Microsc Res Tech 2021;
84(8):1710-20; https://doi.org/10.1002/jemt.23729

[8] Zhu D, Zhang C, Liu P, Jawad LA. Comparison of the morphol-
ogy, structures and mechanical properties of teleost fish scales
collected from New Zealand. ] Bionic Eng 2019; 16(2):328-6;
https://doi.org/10.1007 /s42235-019-0028-1

[9] Kontas S, Yedier S, Bostanci D. Otolith and scale morphology
of endemic fish Cyprinion macrostomum in Tigris-Euphrates
Basin. ] Ichthyol 2020; 60(4):562-9; https://doi.org/10.1134/
$0032945220040086

Inayat et al. / J. Adv. Vet. Anim. Res., 12(3): 806-816, September 2025 815


https://doi.org/10.1093/biolinnean/blab099
https://doi.org/10.1111/azo.12449
https://doi.org/10.1111/jfb.14968
https://doi.org/10.1111/jfb.14968
https://doi.org/10.1139/F07-075
https://doi.org/10.1002/jemt.23871
https://doi.org/10.1002/jemt.23729
https://doi.org/10.1007/s42235-019-0028-1
https://doi.org/10.1134/S0032945220040086
https://doi.org/10.1134/S0032945220040086

[10]

Rawat P, Zhu D, Rahman MZ, Barthelat F. Structural and mechani-
cal properties of fish scales for the bio-inspired design of flexible

synodontidae). ] Fish Biol 2007; 70(4):1185-212; https://doi.
org/10.1111/j.1095-8649.2007.01385.x

body armors: a review. Acta Biomater 2021; 121:41-67; https:// [18]  Al-Awadhi R, Mahmoud U, Sayed A, Harabawy A. Scale character-
doi.org/10.1016/j.actbio.2020.12.003 istics of three fish species of genus Epinephelus from the Arabian

[11]  Ibafez AL, Jawad LA, David B, Rowe D, Unlii E. The morphometry Gulf at Kuwait. Egypt Acad ] Biol Sci B Zool 2017; 9(1):21-32;
of fish scales collected from New Zealand and Turkey. N Z ] Zool https://doi.org/10.21608/eajbsz.2017.13454
2022; 50(2):318-28; https://doi.org/10.1080/03014223.2022. [19]  Teimori A. The scale characteristics of two Aphanius species from
2035413 southern Iran (7eleostei: aphaniidae). Zool Middle East 2018;

[12]  Esmaeili HR, Zarei F, Sanjarani-Vahed N, Masoudi M. Scale mor- 64(3):219-27; https:/(doi.org/10.1.0.80/09397140.2018.1475.12.0
phology and phylogenetic character mapping of scale-surface [20]  Mekkawy IAA' Wassif If:T' Basm¥d1 AAM Scale characteristics
microstructures in sixteen Aphanius species (Teleostei: aphani- of three Lut]an.us species (Famlly: lutjanidae) from the Refi
idae). Micron 2019; 119:39-53; https://doi.org/10.1016/j. Sea, Egypt. ] Fish Aquat Sci 2011; 6(5):506-22; https://doi.
micron.2019.01.002 org/10.3923/jfas.2011.506.522

[13] Ibafez AL, O’'Higgins P. Identifying fish scales: the influence [21] Rz.awat P'.Llu P, Zhang C, Guo §, ]aV\{ad LA, Sadlghzadeh Z, et al.
of allometry on scale shape and classification. Fish Res 2011; Hierarchical structure and mechanical properties of fish scales

. e ) ’ from Lutjanidae with different habitat depths. ] Fish Biol 2022;

109(1):54-60; https://doi.org/10.1016/j.fishres.2011.01.016 100(1):242-52; https://doi.org/10.1111/jfb.14940

[14]  Masood Z, Yasme?n R, Samee HM Corr}paratlve .studles Of the [22]  Bahadur-Dura H, Hazell PJ, Wang H, Escobedo-Diaz JP. Effect of
scale characters in four Mugilid species (Family: mugilidae; scale morphology on the mechanical response of bio-inspired
Order: Mugiliformes) from Karachi Coast, Pakistan. Biol Forum fish-scale-based protective structures. Compos Part A Appl
Int] 2015; 7(1):410-8. Sci Manuf 2023; 174:107720; https://doi.org/10.1016/j.

[15] Masood Z, Hassan UH, Shahid M, Aziz AAMF, Mushtaq S, Rafiq N, compositesa.2023.107720
et al. Relationships between different linear dimensions of scale [23]  Wainwright DK, Karan EA, Collar DC. Evolutionary patterns of
parameters of the four s.peci.es Mugilidae, from Karachi coast., scale morphology in damselfishes (Pomacentridae). Biol ] Linn
Pakistan. Egypt ] Aquat Biol Fish 2021; 25(4):871-1; https://doi. Soc 2022; 135(1):138-58; https://doi.org/10.1093 /biolinnean/
org/10.21608/ejabf.2021.195826 blab140

[16] Azhir MT. Biological investigation of tiger-toothed croaker, [24] Mehanna S, Mohammad A, Mahmoud U. Fishery status of
Otolithes ruber, in Oman Sea along Sistan and Baluchistan Carangoides bajad and Caranx melampygus (Family Carangidae)
Province. Iran Fish Sci ] 2008; 17(1):1-10. from Shalateen Fishing Area, Red Sea, Egypt, based on yield per

[17] Jawad LA, Al-Jufaili SM. Scale morphology of greater recruit (Y/R) analysis. Egypt] Aquat Biol Fish 2016; 20(2):21-68;
lizardfish ~ Saurida  tumbil ~ (Bloch, 1795) (Pisces: https://doi.org/10.21608/ejabf.2016.2294

http://bdvets.org/javar/ Inayat et al. /J. Adv. Vet. Anim. Res., 12(3): 806-816, September 2025 816


https://doi.org/10.1016/j.actbio.2020.12.003
https://doi.org/10.1016/j.actbio.2020.12.003
https://doi.org/10.1080/03014223.2022.2035413
https://doi.org/10.1080/03014223.2022.2035413
https://doi.org/10.1016/j.micron.2019.01.002
https://doi.org/10.1016/j.micron.2019.01.002
https://doi.org/10.1016/j.fishres.2011.01.016
https://doi.org/10.21608/ejabf.2021.195826
https://doi.org/10.21608/ejabf.2021.195826
https://doi.org/10.1111/j.1095-8649.2007.01385.x
https://doi.org/10.1111/j.1095-8649.2007.01385.x
https://doi.org/10.21608/eajbsz.2017.13454
https://doi.org/10.1080/09397140.2018.1475120
https://doi.org/10.3923/jfas.2011.506.522
https://doi.org/10.3923/jfas.2011.506.522
https://doi.org/10.1111/jfb.14940
https://doi.org/10.1016/j.compositesa.2023.107720
https://doi.org/10.1016/j.compositesa.2023.107720
https://doi.org/10.1093/biolinnean/blab140
https://doi.org/10.1093/biolinnean/blab140
https://doi.org/10.21608/ejabf.2016.2294

