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ABSTRACT

Comparative study of ctenoid scales was conducted with reference to the total body length of species belongs to genus Lutjanus of the
family Lutjanidae collected from Karachi fish harbor. The main objective of this study was to find out the relationship among the
total length of fish and its scales parameters. About 351 samples were collected during survey from Karachi fish harbor, in the years
2007-2008. The total catch samples contained 87 individuals of L.johnii; 87 of L.lutjanus; 80 of L.russellii; 52 of L.malabaricus and
45 of L.fulvus. L.johnii and L.lutjanus were equally abundant, while L.fulvus was less abundant in number. Present work about the
detailed structure of fish scales can be helpful in identification of fish up to major groups or species levels.
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INTRODUCTION

Fish scales are remarkable structures. The number of rows as well as the scale types are characteristics
considered for species identification. The morphological diversity and function of scales in fish always attracted the
many researchers. Surprisingly few studies have contributed a considerable significantly to knowledge of fish scale
morphology as it related to taxonomy of bony fishes. A great number of papers are dedicated to the special study of
the fish scale. Agassiz (1833) was the first who divided the fishes into four groups on the basis of structure of their
scales, (i) Placoidei (ii) Ganoidei (iii) Ctenoidei (iv) Cycloidei (Creaser, 1926). Main specific features of scales in
representative of the large taxa of bony fishes have been described in the papers of Cockerell (1913). In his study, he
described the various characters, such as, scale length, breadth, different types and shapes of ctenii, different
position of focus and radii in different families of fishes. He also studied the scales of gray snapper (Neomaenis
griseus) and mutton snapper (Neomaenis analis) of family Lutjanidae. He gives the arrangement of ctenii, radii and
circulii on the scales of these two species (on page 160). Hubbs (1921) observed the character of ctenii in Mugilid
species are of considerable taxonomic importance. As revealed from this study, the size, shape, structure and
development of the scales of these species show marked specific variations and these characters provide a reliable
key for their correct identification. Lagler (1947) noted the character “least usable for diagnostic purposes even at
the major taxonomic level of families are absolute size, shape and number of various countable structures and the
position of focus on fish scales”. Pillay (1951) discussed the affinities of Mugilid scales and their importance in
evolution. Van Oosten (1957) recognized desirable features of scales from the view point of species identification.
Mc Cully (1961) studied the comparative anatomy of serranid fish scales. Later the scale morphology became more
important in systematics and phylogeny after the introduction and development of scanning electron microscopy (De
Lamates and Courtenay, 1974; Hughes, 1981). Batts (1964) provided a key based on the morphological characters of
scales, e.g. radii, circulii, position of focus and ctenii for the identification of species of flat fishes found in Puget
Sound. Jenkins and Lachner, (1971) studied the scale characters in American fish belong to the genera Nocomis and
Hybopsis. They studied the relationship of the number of radii with increase in body length in the specimens of these
two genera. Hughes (1981) described the development of ctenii in the posterior field of ctenoid scales of family
Platycephalidae. Growth of scale in the posterior margin proceeds by the addition of new rows of ctenii behind the
old ones. Therefore the size of scale is increases with the addition of new rows of ctenii and this character varies
within the species. Her findings were significant in establishing fish scale microstructure as useful taxonomic
character. Roberts (1993) described the morphology of spined scales of teleostei by using scanning electron
microscopy. He classifies these fishes on the basis of their scales (i) crenate (ii) spinoid (ii) ctenoid. Jawad (2005)
identify the most useful scale characters and their systematic importance in Tripterygiidae. Ferrito et al., (2009)
explained the distribution and morphology of ctenii in genus Aphanius (family Cyprinodontidae) by using scanning
electron microscopy.

Fish scales are divided into four main types i.e. placoid, cosmoid, ganoid and leptoid scales. Leptoid scales are
further divided into two types, (i) Cycloid (ii) Ctenoid scales. Families like Clupeidae, Cyprinidae, Ammodytidae,
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Anabantidae, Balitoridae, Carangidae, Anguillidae, Anarhichadidae, Cryptacanthodidae, Dactyloscopidae,
Echeneidae, Eleotridae, Kurtidae, Labridae, Labrisomidae, Leiognathidae, Ncmaristiidae, Microdesmidae,
Opistognathidae, Scaridae and Zaproridae possess only cycloid scales. Families that contain ctenoid scales are;
Scatophagidae, Acanthuridae, Acropomatidae, Achiridae, Centrarchidae, Cichlidae, Mugilidae, Osphronemidae,
Pomacentridae, Percidae, Rhyacichthyidae, Serranidae, Scombidae, Cynoglossidae, Tripterygiidae, Lutjanidae.
Families that contain both cycloid scales and ctenoid scales included Solidae, Bothidae, Gobiidae, Cichlidae,
Sparidae, Apogonidae, Channidae, Cirrhitidae, Eleotridae, Helostomatidae.

The present study based on comparative study of ctenoid scales with reference to the total body length of fishes
belongs to the genus Lutjanus. The main objective of this study was; (I) to find out the correlation between the scale
characteristics of fishes and its total length/size of the body; (I1) also measure the size/length and width of scales
collected from the different regions of the body; (111) if the length of fish increases then the size and width of scales
present on the body of fish also increases accordingly; (IV) also study the arrangement of ctenii present on the
ctenoid scales; (V) study the relationship between total length of fish and number of ctenii, which are arranged on
each scale, in horizontal and vertical rows; (V1) if the size/length of fish increases then whether the number of ctenii
present in horizontal rows, vertical rows and numbers of radii on each ctenoid scale also increases. For comparative
study of ctenoid scales the following species of genus Lutjanus of family Lutjanidae were selected, i.e. L.lutjanus,
L.malabaricus, L.russellii, L.johnii, L.fulvus.

MATERIALS AND METHODS

Lutjanid fishes for study were collected during the period of June 2007 — Nov. 2008 from the landing specimens
on Karachi fish harbor. Each specimen was identified up to the species level. Species identification was made with
the help of field guide of Bianchi (1985). Total length (TL) in centimeters was measured from the tip of snout (close
mouth) to the tip of caudal fin. The scales samples were taken from the following regions of the body of specimen,
such as, HS (head scales); LLS (lateral line scales); LLP (lateral line pored scales) and CS (caudal scales). At least
4 scales were taken from the above each region of the body and then placed them in envelops for future studies.
Scales were taken from envelop and soak them in a small jar or beaker of warm water containing a few drops of
10% NaOH/KOH solution. By stirring the water vigorously, they can remove much of the mucus and other materials
from the scales and makes the scales more transparent and clean. Now removed the scales from water solution and
transfered them in petri dish contained 96% ethanol solution for dehydration and hardening prior to examination
under stereo microscope. At least 4-5 scales were mounting on each clean microscopic slide. The scales for study
were mounted in glycerine in order to prevent drying. For comparative study of ctenoid scales, scales were mounted
under the stereo microscope (4x10) and studied for their length, width, radii, and the horizontal rows and vertical
rows of ctenii. Photograph of the scales were taken by SMZ Stereo microscopy with camera (Figures 1-4). The
following parameters were used for studying the ctenoid scales of fishes (Figure 1) such as, TLS = Total length of
scale; WDS = Width of scale; HRS = No.of ctenii in horizontal rows of scale; VRS = No. of ctenii in vertical rows
of scale and RDS = No. of radii on scale. By using all these parameters, we can find out the different relationships
between total length of fish and different scale parameters.

TLS= Total length of scale; WDS= Width of scale; HRS= No. of ctenii
arranged in horizontal rows on scale; VRS= No. of ctenii arranged in
vertical rows on scale; RDS= No. of radii or grooves on scale,

Figure 10: Caudal scale of L. fulvus showing the scale measurement.
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The relationship between the all above mention parameters were calculated by linear regression equation as
given by Niel (1995).
Y=a+b X
Where Y= dependent variable (scale length/width/ number of radii/ number of ctenii in horizontal or vertical rows),
X=fish length (independent variable), a=constant/ intercept, b=regression slope.

RERULT AND DISCUSSION

The two variables correlation coefficients are given in the tables 1-4. When our studied shows the meristic
differences in the number of ctenii and radii present on scales, we undertook a comprehensive survey, although we
were aware about considerable variations in many aspects of scale structure existed in any single species.

Note that the values of correlation coefficient ‘> (r= 0.8 or 0.7) between TL and TLS; TL vs WDS; TL vs HRS;
TL vs RDS for L.russellii is highly significant indicating that strong correlation is found between total body length
and all above scales parameters. There is moderate or weak correlation found between numbers of ctenii arranged in
vertical rows (VRS) and total body length (TL). But in L.fulvus, there is no correlation (negatively) between body
length and all its scale parameters. While the remaining three species shows the moderate and weakest partial
correlation. From the overall result it has been concluded that there is strong relationship found between TL vs TLS;
TL vs WDS, while moderate and weak correlation found between total body length ad different scale parameters.

Figure 12: Head scale of L.malabaricus. TLS= 5.0 mm: WDS~ 50 Fi
. 5=5 : 5, gure 13; Lateral lime scule of L lutiumus. TLS : WDS
mm; HRS=84; VRS= 15; RDS= 19, b, "R-‘z": VRS= m ;:‘ s

Figure 14: Lateral line pored scale of L. russedlii. TLS= 6.0 mm;
WDS= 7.0 mm; HRS= 77; VRS= 12; RDS= 15,

All scales of similar length did not contained same number of HRS, VRS, and RDS, i.e. in 27.5cm long
female, head scale with 6.0mm length and 6.0mm wide, contained 114 HRS and 4 VRS, while the head scale with
6.0mm length and 5.0mm wide contained 68 HRS and 4 VRS. Though the size and width of head and caudal scales
were small but the number of horizontal rows of ctenii on head and caudal scales were large in number as compared
to the LLS and LLP scales because the size of ctenii found on head and caudal scales were small so they occupied
the less space. The length of lateral line scale (LLS) and lateral line pored scale (LLP) is greater than its width, so
they have no circular shape. Focus is absent on these scales. Lateral line pored scale (LLP) has canal lies along
anterior and posterior axis with two opening (Esmaeili et al., 2007). Due to the presence of canal, ctenii are
arranged in groups away from each other (Fig, 3&4). From the result, it is concluded that the scale studies can be
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valuable tools in investigating systematic relationships among the species of different genera or families of fishes.
By using these meristic characters of fish scales, Cockerell (1913) was able to separate the various groups of fishes
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It is for the first time that the genus Lutjanus is being studied from this point of view in Pakistan. Previously,
many researchers have studied the fish scales included. Jenkins and Lachner (1971) studied the relationship between
total body length and number of radii. Hughes (1981), Robert (1993) and Ferrito et al., (2009) have studied in detail
the ctenii of ctenoid scales.

We are only just beginning to learn about the type of countable structures present on fish scales and their
relationship with increase in total body length. Present paper should stimulate further scale studies (both micro and
macro structures present in fish scales) particularly those addressing ontogeny of scale characters. We hope that
present study will make a significant contribution towards obtaining a better understanding of fish evolution.
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