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Abstract. Fish scales have numerous hidden information in their structures that contribute in fish 
identification and classification. In the present study, scales were collected and examined from twelve body 

regions including lateral line of five fish species belonging to five Families and five Orders of inland fishes of 
Bangladesh. A wide spectrum of variations in the scales of five fish was recorded concerning the surface 
morphology, shape of the circuli, grooves, pattern of the different fields and the shape of ctenii. The 
morphological descriptions were based on the scale’s type, shape, features of the anterior, posterior and 

lateral fields, radii types, and circuli distribution. The microstructures included focus position and shape, 
shape of first circuli, number of radii and tubercle size and shape. Results of the study reveals that scales of 
the studied fishes were either cycloid or ctenoid types with notable variation in scale shape, circuli 

distribution, focus position and shape, shape of first circuli, radii types and tubercle size and shape. 
Considerable variation in lateral line scales were also observed and two types of lateral line scales observed 
with three sub-types. Morphometric indices were calculated from scale of the anterior dorsal flank area of 
each species and represented a valuable tool for species separation. The outcomes of the present study, first 

of its kind in Bangladesh, would assist in resolving identification problems for future fish taxonomists and 
fisheries-oriented researchers. 
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Introduction 

 
Like other animals, fish body consists of different internal and external organs. External organs 

of fish are eyes, fins, gills, scales, lateral line, photophores, spines and rays. Fish have either 

scales as a body covering or they are scale-less with a naked body. Fish scales are ossified 

plates. Scales are the most exterior part of majority of fish’s body and are used for protection, 

coloration and as sensory receptors.  Dermal derivatives of fish body consist of hard and 

flattened skeletal element that proclaim a vast range of morphological diversity. Teleost scales 

consist of a layer of acellular bone which enshroud a plate of promiscuously equipped collagen 

fibers (Grande and Bemis 1998, Sire and Akimenko 2004). Scales are arrayed in imbricating 

manners where every single scales overlaps each other but remains opened posteriorly 

(Wainwright and Lauder 2016). These are the most exterior part of fish body usage for 

protection, coloration as well as sensory receptors (Barazona et al. 2012). Various types of 

scales are found in fishes like plate-like placoid, diamond shaped ganoid, smooth disc-like 

cycloid and ctenoid  scales having small projection towards the posterior margin (Casteel 1976, 

Patterson et al. 2002).  

Scales are made of calcium carbonate and collagen embedded within the fish epidermis and 

often very useful in the identification of fish species. The analysis of scale morphology appeared 

to be promising as it is relatively easy to apply, fast, cheap and does not require animal to be 

killed and dissected (Renjith et al. 2014). Since the early 1900s, fish identification based on the 

scales have been used as a common method (Ibanez and O’Higgins 2011). Scale shape and 

number have been applied in taxonomical researches since the first half of the 19th century when 
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Agassiz (1883-1884) used this for the first time in fish taxonomy. During the late 19th century 

and first half of 20th century, scale morphology studies have progressed dramatically in the field 

of taxonomy (Cockerell 1910, Lagler 1947, McCully 1961).Scales can be a useful tool in 

various scientific fields, like systematics, phylogeny, palaeontology, life history, ecology and 

toxicology. Scale morphology and microstructures have been applied in systematics that 

reflected a vivid taxonomic status as well as a well-founded phylogenic tree of various groups of 

fishes along with the functional and systematic approaches (Alkaladi et al. 2013, Renjith et al. 

201, Masood et al. 2015), determination of age (Jhingran 1957, Gholami et al. 2013), past 

environmental history of fish, differentiating hatchery reared and wild populations, migration, 

pathology and pollution of the water body (Johal and Dua 1995, Johal and Sawhney 1997, 

Esmaeili  2001), for the growth studies (Johal et al. 1984, Lippitsch 1990, Johal et al. 2001), in 

the palaeontological analysis (Esmaeili 2001) and genetic studies (Kumar et al. 2007). 

Moreover, variations in scale size and J-indices were proved to be an effective taxonomic tool 

for the discrimination of fish species (Gholami et al. 2013, Esmaeili et al. 2014). 

According to the Red List, 64 indigenous riverine fishes of Bangladesh are threatened – 

vulnerable (VU), endangered (EN) and critically endangered (CR) (IUCN-Bangladesh 2015). 

Correct identification of fish species is necessary to formulate management and conservation 

measures for threatened fish species. As identification of fish scales helps to identify certain 

Genera even Species, and is prerequisite to study sexual dimorphism, age determination, 

phylogeny and other systematics studies, it is indispensable to study the fish scale. Though the 

study of fish scale has received great attention in developed countries, so far, researches on fish 

scale in Bangladesh have received no attention in the past. Therefore, a proper study on scale of 

indigenous fishes of Bangladesh is the need of time. The present work aimed to screening and 

documenting the diversity of scale characteristics of five indigenous fish from the water bodies 

of Bangladesh in an attempt to determine the valid scale characters for identification of the 

studied species and to give an interpretation for the surface scale morphology. Also the study 

has been designed to describe the microstructures of the studied scales, inter-specific variability 

of scale shapes, and to describe the lateral line scales, present in the five fish.  

 

Materials and methods 

 
Collection sites and selected fish: Fish sample were collected from the local markets of 

Mohonganj, Netrokona, Mymensingh Sadar and Khulna Sadar, respectively. Scales were 

sampled from 5 fish Species, belonging to 5 Families and 5 Orders of common inland fishes in 

Bangladesh (Table I). 

 
Table I. List of the sampled fishes 

 

Order  Family Scientific name Common name Local name 

Clupeiformes Clupeidae Tenualosa ilisha Hilsha Shad Ilish 

Cypriniformes Cyprinidae Amblypharyngodon mola Mola Carplet Mola  

Osteoglossiformes Notopteridae Notopterus notopterus Grey Featherback Foli 

Perciformes Nandidae Nandus nandus Mud Perch Bheda 

Mugiliformes Mugilidae Sicamugil cascasia Yellowtail mullet Kachki Bata 

 

Preparation of scales: Before removing the scale, every single fish specimen was rinsed out 

with freshwater. Scales were taken from twelve areas of the selected fish (Fig. 1). Maximum 
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effort were given to remove as much tissue as possible while taking fish scales using forceps 

without damaging the scales. In case of some species, it was not possible to take scales from 

each of the selected twelve body areas as sufficient number of scales were not present.  
 

 
Fig. 1. Schematic drawing of sampling region of fishes: anterior, dorsal, rostral to dorsal fin (A); 

posterior, dorsal, caudal to dorsal fin (B); anterior, dorsal, above lateral line (C); posterior, dorsal, above 

lateral line (D); anterior, ventral, below lateral line (E); posterior, ventral, below lateral line (F); anterior, 

lateral line (G); mid, lateral line (H); posterior, lateral line (I); below pectoral fin (J); upper caudal 

peduncle (K); lower caudal peduncle (L). 

 

Scale materials were sonicated in 70% ethanol and brushed gently to remove the reaming 

tissue and staining was done using 0.05% Alizarin Red S solution for 45 minutes. Before 

mounting, the scales were kept in absolute ethanol after that on distilled water for 15 minutes to 

avoid curling. When scales became flexible, they mounted between the glass slides. For 

ensuring the moistness of scales, care was taken to impede curling. 

 

Photography of preserved fish scale: Microphotography digital imaging was performed using 

Delta IPOS-810 Stereo Zoom-Microscope (Budapest Telescope Centre, Budapest, Hungary) and 

Amscope microscope digital camera (Amscope USA) at lower magnification. For describing the 

microstructure of scales, Micros-Austria, Daffodil MCX100 Binocular Microscope (Micros, 

Austria) was used. Appropriate scale bars were added digitally using imaging software (Image 

J). Digital imageries were rendered on a computer using Adobe Photoshop CC 2015. 
 

Scale types and characteristics: The scales are defined following Roberts (1993) with some 

modifications and differentiated two main scale types as follows – i. Cycloid scales- no 

additional isolated ossifications, marginal indentations might happen. Two sub- types - scale 

without spine-like projections or marginal increments is known as true cycloid and scale with 

increased marginal site is termed as crenate scale. ii. Ctenoid scale – with additional isolate 

ossification forming distinct spines known as cteni. The isolate ossifications ascend as complete 

spines in two or more alternating row marginally. When isolate ossifications transmute into 

truncated spines sub-marginally, the cteni is known as transforming cteni. Scale characteristics 

that are used in this study are defined by Lagler (1947) and maintained uniformness of 

benchmarks used in preceding works by other researchers (Patterson et al. 2002, Brager and 

Moritz 2016, Gholami et al. 2013) are given follows (Fig. 2). 

 



SQUAMATOLOGICAL VARIATIONS IN INLAND FISHES OF BANGLADESH 

 

4 

 

 
Fig. 2. Schematic drawing of cycloid scale (left) and ctenoid scale (right) including the terms used in this 

study. ‘Focus’- the nucleus, first part of scale in ontogeny, geometrically central but often placed anterior 

and posterior and surrounded by circuli; ‘Fields’- the outer surface area of the scale, either real or implicit. 

The fields of scales can be differentiated as anterior, posterior, dorsal and ventral, where lateral two are 

similar and called as lateral fields; ‘Anterior field’ - bounded by imaginary lines connecting the 

anterolateral corners or their equivalent points on rounded scales; ‘Posterior field’ - bounded by imaginary 

lines connecting the posterolateral corners with the focus; ‘Circuli’ - elevated markings on the surface 

generally rising as lines which pursue the outline of the scale,  are usually incessant lines but often 

interrupted by grooves; ‘Radii’ -  grooves that radiate from the focus to the scale margin; ‘Primary radii’ - 

radii that extend from the focus to the margin, ‘Secondary radii’ - begin from the margin but end 

afterwards short distance and cannot reach to the focus; ‘Tertiary radii’- located between focus and scale 

margin; and ‘Cteni’ are tooth like additional structure found in the posterior margin. In the posterior 

margin it seems marginally or sub-marginally; ‘Tubercles’ - pigmented granules and its concentration relies 

on the position of the scale in fish body. 

 

Scale shape, morphometric and microstructures:  Scales show a high level of diversity in 

their shapes with considerable inter and intra-specific variation. Shape variability of fish scales 

are described in accordance with the number of different scale shapes that found within a 

specimen: uniform – 1 scale shape; low – 2 scale shapes; moderate – 3 scale shapes; high – 4 or 

more scale shapes. 

 

Different morphometric and microstructure characters and discriminative features of a scale 

are the important tools that measure inter and intra-specific variation of specimens. 

Morphometric structures of scales in our study included scale type, shape, field, cteni, circuli 

etc. while microstructure deals with shape of first circuli, focus position, tubercles and radii. 

The discriminative features of the morphometric structures of scalesare given in Table II. 
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Table II. Summary of morpho

discriminative features used in scale identification including 

 
Characters Discriminative Properties

Type Cycloid: true cycloid / crenate

Ctenoid: transforming cteni

Shape Circular/oval

Shape variation Uniform /

Anterior field Convex/flattened

Anterior margin Smooth/waved / scalloped 

Posterior field Rounded

Posterior margin Smooth/crenulated /

Lateral field Convex/

Extension 

 

Extended in dorso

Elongated in antero

Focus position Antero-central/central/

Focus shape Rounded/

Radii Primary/secondary/ tertiary

Cteni Transforming cteni

Circuli Continuous/discontinuous

Shape of first circuli Convex/concave/

Tubercle Few/absent

Tubercle size Small 

Tubercle shape Rounded

Lateral line canal Present/

 

For describing morphometric par

dorsal, above lateral line) from every specimen. Morphometric parameters were measured as 

follows (Fig. 3).  

Fig. 3. Scale morphometric parameters used in this study (
Longitudinal diameter (LD)-The maximum longitudinal diameter of the scale in antero

(VD)- The maximum vertical diameter of the scale in dorso
transverse diameter of the scale; Shape ind
follows: Si = TD / LD. The relative scale sizes (J
calculated following Esmaeili (2001): Jsl (Jsw) = length (width)

index, J-indices, focal index, and scale type for each species are abridged in Table 

ISLAM et al. 

. Summary of morphological and microstructures characters and  

discriminative features used in scale identification including lateral line scales 

Discriminative Properties 

Cycloid: true cycloid / crenate 

Ctenoid: transforming cteni 

oval/oblong/square/round square/pentagonal/round pentagonal/  irregular

Uniform /low/ moderate / high 

/flattened 

Smooth/waved / scalloped  

ounded/tapered 

/crenulated /ctenous 

/flattened 

Extended in dorso-ventral axis/ 

Elongated in antero-posterior axis 

central/central/postero-central  

Rounded/oblong/rectangular/ oval 

Primary/secondary/ tertiary other grooves 

Transforming cteni 

Continuous/discontinuous 

Convex/concave/straight 

absent 

ed 

Present/absent 

For describing morphometric parameters, scales were sampled from body area C

from every specimen. Morphometric parameters were measured as 

 
Scale morphometric parameters used in this study (Nandus nandus). 

The maximum longitudinal diameter of the scale in antero-posterior axis; Vertical diameter 

The maximum vertical diameter of the scale in dorso-ventral axis; Transverse diameter (TD)-The maximum 
Shape index (Si) has calculated for describing shape of scales after Burdak (1979), as 

Si = TD / LD. The relative scale sizes (J-indices) for the scale length (Jsl) and scale width (Jsw) were 
calculated following Esmaeili (2001): Jsl (Jsw) = length (width) of scale / fish standard length (SL) × 100. Shape 

indices, focal index, and scale type for each species are abridged in Table II. 

 

irregular 

sampled from body area C (anterior, 

from every specimen. Morphometric parameters were measured as 

Vertical diameter 

The maximum 
ex (Si) has calculated for describing shape of scales after Burdak (1979), as 

indices) for the scale length (Jsl) and scale width (Jsw) were 
of scale / fish standard length (SL) × 100. Shape 
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Results 

 

Morphometric and microstructure descriptions:  The photographs of the scales collected from 

twelve locations (A to L) of each of the species are given in the Figs. 4 - 8.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Scales of Hilsha shad (Tenualosa ilisha); 133 mm SL; Scale bar = 0.5 mm. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Scales of Mola carplet (Amblypharyngodon mola); 81 mm SL; Scale bar = 0.1 mm. 
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Fig. 6. Scales of Grey featherback (Notopterus notopterus); 208 mm SL; Scale bar= A-J= 0.5 mm, K-L= 0.1 mm. 

 

 
 

Fig. 7. Scales of Mud perch (Nandus nandus); 134 mm SL; Scale bar = 0.5 mm. 
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Fig. 8. Scales of Yellowtail mullet (Sicamugil cascasia); 54 mm SL; Scale bar = A-J = 0.5 mm, K-L = 0.1 mm. 

 

The type, shape and shape variation of the scales of five fishes are described in the Table 

III.  Cycloid – crenate scale was found only in one studies fish – ilish, mola and foli are with 

true cycloid scale. Ctenoid scale with transforming cteni is present in bheda and kachki bata. 

Kachki bata, however, has two different types of scales where true cycloid is present only in the 

body area A and ctenoid scale is found in the rest of the body parts.   

 
Table III. Type, shape and shape variation of the scales in five fish 

 

Fish Ilish Mola  Foli Bheda Kachki Bata 

Type Cycloid - 

Crenate 

Cycloid - 

True 

cycloid 

Cycloid - 

True cycloid 

Ctenoid: 

Transforming 

cteni 

Cycloid -True cycloid 

in body area A and 

Ctenoid - 

Transforming cteni in 

areas B, C, D, E, F, 

G, H, I, J, K and L. 

Shape Circular circular to 

oval to 

pentagonal 

Oblong to 

square 

Square to 

round square to 

round 

pentagonal to 

irregular shape 

Round square to round 

pentagonal 

Shape variation Uniform Moderate Low  High Low 

 

Table IV described the three fields(anterior, posterior and lateral) of the scales of five fish. 

The anterior field of the scales of ilish, mola foli and bheda are convex with different patterns of 
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marginal appearance, whereas, the anterior field of the scale of kachki bata is flattened. Ilish 

with tapered end, however, differs in posterior field of the scale from four other studies fish 

with rounded posterior field. The lateral field of the scale is convex in ilish, foli and bheda and 

flattened in mola and kachki bata.  

 
Table IV. Anterior, posterior and lateral field of the studies scales 

 
Fish Anterior field Posterior field Lateral field 

Ilish Convex with conical tip and 

smooth margin 

Tapered end with crenulated 

margin, subjected to splitting 

Convex to flattened and 

extended in dorso-ventral 

axis 

Mola  Convex with smooth margin Rounded end with smooth 

margin 

Flattened to convex and 

extended in dorso-ventral 

axis 

Foli Convex with waved margin Rounded and slightly tapered 

end with smooth margin 

Convex to flattened and 

elongated in antero-

posterior axis 

Bheda Convex to flattened with 

slightly scalloped margin 

Rounded end with ctenous 

margin 

Convex to flattened and 

extended in dorso-ventral 

axis 

Kachki Bata Flattened with scalloped 

margin 

Rounded end with ctenous 

margin 

Flattened to convex and 

extended in both axes 

 

Position and shape of the focus of scales of five fish is illustrated in Table V.  The position 

of scale focus is at the center in ilish, bheda and kachki bata but antero-central and postero-

central, respectively, in mol and foli. The shape of the scale focus is round in mola and foli, 

rounded to oblong, rounded – rectangular and – oblong, respectively, in ilish and kachki bata 

and oval to rectangular in bheda.   

 
Table V. Position and shape of the focus of scales of five fish 

 

Fish Ilish  Mola  Foli Bheda Kachki bata 

Focus position Central Antero-

central 

Postero-

central 

Central Central 

Focus shape Rounded to 

rectangular 

Rounded Rounded Oval to 

rectangular 

Rounded to oblong 

 
The number and pattern of radii in the scales of five fishes is presented in the Table VI. The 

radii is countable in all the fishes except in ilish where only transverse grooves are present. The 

number of radii in the scales of four fishes vary between 3 and 17. In the scales of two relatively 

smaller fish – mola and kachki bata, respectively, only 3-5 and 3-7 radii are present and in the 

scales of two larger fish - foli and bheda, higher number of radii – 9-11 and 9-16 are present, 

respectively. The tertiary radii are only present in the scale of bheda.  
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Table VI. The number and type of radii present in the scales of five fish 

 
Fish Radii 

Ilish Transverse grooves exist in the anterior and lateral field; longitudinal groves can also be 

observed in some cases 

Mola  Total radii 3-5,present in the posterior field 

Foli Total radii 9-11, primary and secondary radii present in anterior and lateral fields 

Bheda Total radii 9-16, primary, secondary and tertiary radii present in the anterior field 

Kachki Bata Total radii 3-7; primary and secondary radii present in the anterior field 

 
The circuli are distinct in the scale of all five fishes (Table VII). They are, however, 

continuous in anterior field of scale of only mola, discontinuous in the lateral field of scales of 

only ilishand indistinct in the posterior field of scale of ilish, bheda and kachki bata.     

 
Table VII. The circuli appearance and distinctions in different fields of scale of five fishes 

  
Fish Circuli appearance  Distinction in three field 

  Anterior Lateral  Posterior 

Ilish Distinct  Discontinuous Discontinuous Indistinct 

Mola  Distinct  Continuous Continuous Discontinuous 

Foli Distinct  Discontinuous Continuous Continuous 

Bheda Distinct Discontinuous Continuous Indistinct 

Kachki bata Distinct  Discontinuous Continuous Indistinct 

 
The shape of first circuli of the scales are convex in ilish and mola, straight in foli and 

bheda, and concave in kachki bata. The scale tubercles are absent in ilish andmola. A few small 

sized round tubercles are present in the scales of foli, bheda and kachki bata. Scales present in 

the lateral line and their canals are detailed in Table VIII. The shape of the scales present in the 

lateral line are circular or square to round square. Round pentagonal lateral line scales are found 

in kachki bata. Two studied species – ilish and kachki bata do not have canals in their lateral line 

scales. Other three species – mola, foli and bheda, however, are with long and straight to curved 

canals in their lateral line scales. In mola and foli, both anterior and posterior opening of the 

canal of the lateral line scales are ‘C’ shaped. In bheda, though the posterior opening of the 

canal of the lateral line scales is ‘C’ shaped, the anterior opening is ‘V’ shaped.  

 
Table VIII. Lateral line scales and their canals in five fishes 

 
Fish Lateral line scale Canal in lateral line scale Anterior opening 

of canal 

Posterior opening 

of canal 

Ilish Circular No existence of canal - - 

Mola  Circular Long and straight canal 
along with tubule 

C shaped C shaped 

Foli Square Long and curved canal 

along with tubule 

C shaped C shaped 

Bheda Square to round 

square  

Long and straight to curved 

canal with the presence of 
ctenous margin 

V shaped C shaped 

Kachki Bata Round square to 

round pentagonal  

No existence of canal - - 
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Relative scale sizes (J-indices):  J-indices is a useful tool for describing scale size and shape as 

well as species discrimination even in closely related species. Calculating shape index (Si), 

relative scale sizes (Jsl and Jsw) and focal index (Fi) used as a valuable tool for species 

differentiation (Table IX). 

 
Table IX. Scale types of fishes under different Orders and Families with exemplary morphometric 

indices of scales derived from body area C (i.e., anterior part of the flank above lateral line) 

 

Fish Scale Type Si Jsl Jsw Fi 

Ilish  Cr 0.99 2.16 2.08 0.47 

Mola   Cy 0.96 2.39 2.13 0.25 

Foli  Cy 0.72 1.07 0.62 0.65 

Bheda  Tr 1.10 2.36 2.40 0.58 

Kachki Bata  Cy/Tr 0.93 3.78 3.08 0.52 
N.B. Scale type abbreviations based on Roberts (1993): Cy – true cycloid scale; Cr – crenate scale; Tr – ctenoid scale 

with transforming cteni. Scale shape index after Burdak (1979): Si = TD/LD, where TD – maximal transverse diameter 
of the scale; LD – maximal longitudinal diameter of the scale. The relative scale sizes (J-indices) for the scale length 

(Jsl) and scale width (Jsw) were calculated following Esmaeili (2001): Jsl (Jsw) = length (width) of scale (in mm) / fish 

standard length (in mm) × 100. Focal index (Fi) is given as the distance (in mm) from the outermost edge of the 
anterior field to the focus / the distance (in mm) from the outermost edge of the anterior field to the outermost edge of 
the posterior field. 

 

Types of lateral line scale (LL):  Two main types of lateral line scales with three sub-types are 

identified in five fishes on the basis of the relationship between the tube (ossified canal segment) 

and scale plate (Fig. 9). They are Tubular-scalar (Unmodified tubular scalar I, Unmodified 

tubular scalar II, Unmodified tubular scalar III) and Non-tubular. Several features are 

considered in the categorization of LL scales within these types: scale plate, tube, free posterior 

margin of scale plate, position of posterior opening of tube, projections or extra-development of 

tube and scale pocket. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9. Types of Lateral line scales. A. Unmodified tubular scaler I (Mola); B. Unmodified tubular scaler 

II (Mola); C. Unmodified tubular scaler III (Bheda); D. Non-tubular lateral line scale (Ilish). ao: Anterior 

opening, po: Posterior opening, oc: Opening for canaliculus, SP: Scale plate, T: Tubule. Scale bar =a, b 

= 0.1 mm; c, d = 0.5 mm. 
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Tubular-scalar lateral line scales: This LL scale type has a developed and externally 

differentiable scale plate and tube. A scale pocket and a free posterior margin are generally 

present. The ossification of the trunk canal wall lying over the scale canal makes a tube discrete 

from the scale plate. Formation of canal wall causes disarrangement of radii, circuli and cteni, 

formation of furrows and openings and modification of posterior margin of the scale plate. In 

present study, three types of tubular-scalar LL scales are present depending on whether or not 

the posterior margin of scale plate is involved in the formation of the posterior opening of the 

tube, and on the position of that opening (Fig. 9). Unmodified tubular-scalar I lateral line scales 

are recorded in mola that have an unmodified posterior margin, a complete tube with a posterior 

opening on the inner side of scale plate which is distant from the posterior margin (Fig. 9A). 

Unmodified tubular-scalar II lateral line scales have an unmodified posterior margin, and a 

complete tube with a posterior opening on inner side of scale plate that is close to posterior 

margin and joined with the opening for the canaliculus (Fig. 9B). This structural scale type was 

observed in foli and mola. Unmodified tubular-scalar III lateral line scales are observed in bheda 

which have an unmodified posterior margin, a tube with a posterior opening on the posterior 

margin and outer side of scale plate (Fig. 9C).  

 

Non-tubular Lateral line scales: In these LL scales, the scale plate is present, but a tube is 

absent. Non-tubular LL scales are found in ilish and kachki bata with the trunk canal absent 

(Fig. 9D).  

 

Discussion 
 

The scales from five fish species in this study are described based on morphologies, 

morphometric characteristic and the range of ratios relating to different lengths within a scale. 

Scale types vary considerably among fishes (Roberts 1993, Khemiri et al. 2001) based on the 

shapes and related characters (Patterson et al. 2002, Jawad 2005, Gholami et al. 2013).The 

general classification includes cosmoid, ganoid, placoid, cycloid and ctenoid found in the 

modern teleost fishes (Ikoma et al. 2003). In the present study, we considered crenate scales as 

sub-types of cycloid scales, and considered ctenoid scales only those possessed isolate 

ossifications from the main scale body in agreement with Brager and Moritz (2016).Besides 

these easily definable scale types, special types of scales were found in some taxonomic groups 

which makes the scale classification, rather complex. In the present study, ilish, Tenualosa 

ilisha is form such complex taxon. The scales of ilish are quite thin and relatively large and are 

more or less circular having multitudinous grooves as well as irregular crack marks, andpossess 

a crenulated posterior margin. We labeled the observed grooves in the anterior and lateral fields 

as “transverse grooves” and within the posterior field as “longitudinal or irregular grooves” in 

accordance with the orientation of the groove (Fig. 4). Brager and Moritz (2016) also recorded 

similar grooves in studying Clupeoid fish scales. 

In the current study, more than one types of scales were observed in a single fish species, 

kachki bata, Sicamugil cascasia which contain both cycloid and ctenoid scales. Brager and 

Moritz (2016) also had found more than one type of scales (cycloid and ctenoid) in fish species - 

Epinephelus aeneus and Eutrigla gurnardus. Different scale shapes- circular, oval, oblong, 

square, round square, pentagonal, and round pentagonal- are observed in the present study as 

recorded earlier by Gholami et al. (2013), Brager and Moritz (2016), Jawad (2005), and 

Patterson et al. (2002). 
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The radiiformation on the fish scale is considered to be linked with the accommodation 

power of the large surface area of the anterior and lateral parts of the scale in the lesser space as 

these two parts of the scale are overlapped by the posterior part of the preceding scale (Esmaeili 

et al. 2012).Radii are generally present in the different fields of a fish scale such as, only 

anterior, as in pickerels (Esox); only posterior, as in shiners (Notropis); anterior and posterior, 

as in suckers (Catostomidae); or even in all four fields, as in barbs (Barbus) (Helfman et al. 

2009). In the present study, radii present in anterior and lateral field in ilish, only posterior in 

mola, anterior and lateral in foli, and only anterior in bheda and kachki bata. Number of radii 

vary as well. There is no significant relationship between the number of radii and scale size, 

since the numbers of radii depend on the position of the scale on the fish body (Esmaeili et al. 

2012). The number of radii may correlate with the flexibility of body of fish (Jawad and 

Al‐Jufaili 2007) and the presence of higher number of radii correlate to the better nutritive 

conditions of the fish (Esmaeili et al. 2007).The relative number of primary and secondary radii 

in this study, is found to be more than the tertiary radii as observed in a few other past studies  

(Esmaeili et al. 2007, Jawad and Al- Jufaili2008).  

Fish scales are bony structures and gradually become larger as fish grow in size. As fish 

grow, so do the scales. The scales produce characteristic circuli at the scale margin and once a 

circulus is deposited on the scale, it remains unchanged along the entire life span of the fish 

(Sire and Akimenko2004). Scales circuli can play a significant role to deliver a counteraction 

against the frictional forces through mechanical anchoring (Mahmoud et al. 2005 Mekkawy et 

al. 2011). Circuli arrangement were observed distinct and continuous to discontinuous in the 

anterior, lateral and posterior field in the agreement ofPatterson et al. (2002), Jawad (2005), 

Gholami et al. (2013), and Brager and Moritz (2016). 

There was noticeable variation in the shapes of the anterior, posterior lateral fields of the 

scales observed in this study. Anterior field was convex and flattened whether in case of 

posterior fields it was rounded or tapered and in lateral field it varied from convex to flattened. 

Similar results were also observed by Barazona et al. (2012) and Brager and Moritz (2016) in 

their study. J-indices are found to be a trustworthy tool for species discrimination, even in case 

of closely related species (Esmaeili et al. 2014). In the current study, in assessing for scale 

shapes, a set of morphometric parameters was used - shape index (Si), relative scale sizes (Jsl, 

Jsw) and focal index (Fi) assist as used by Esmaeili (2001) and Brager and Moritz (2016) as 

valuable tools in fish species differentiation. 

Scale focus forms foremost during ontogenesis (Esmaeili et al. 2009) and its shape remains 

constant throughout the whole lifespan of individual species (Ganzon et al. 2012). In the present 

study, focus shapes were recorded oval, rounded, oblong and rectangular. Different focus 

shapes were also observed in a single species. The findings of the current study show similarities 

with the study of Jawad and Al‐Jufaili (2007) and Esmaeili et al. (2012).  

The current research reveals that, shape of first circulus was convex, concave or straight - 

supported by a number of earlier studies (Jawad2005;Esmaeili et al.2007; Gholami et al. 2013). 

Such variations of characteristic features are species specific (Lippitsch 1993; Mahmoud et al. 

2005 and Mekkawy et al. 2011) but in some cases external factors seems to modify these 

characteristics (Lippitsch 1990). 

Tubercles on the fish scales are formed by the aggregation of the epithelial layer of the skin 

which covers the posterior part of the scale. The scale tubercles impart specific color to fish 

body as they contain chromatophores in the outer surface (Esmaeili et al. 2012).The present 

study, scale tubercles are absent in ilish and mola. Round shape and small tubercles were 
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observed infoli, bheda and kachki bata. Different shape of tubercles such as rounded, oblong, 

oval shape were observed by Gholami et al. (2013) and Esmaeili et al. (2007,2012).  

Scales on the lateral line have been used by several researchers in fish classification and 

taxonomy (DeLamater and Courtenay 1973, Kaur and Dua 2004). The lateral line acts as a 

unique mechanosensory system in fish and amphibians (Watanabe et al.2010). The system 

usually detects water vibration and has an important role in schooling (Partridge and Pitcher 

1980), food searching (New 2002), and mating (Satou et al.1994).The lateral line scale is one of 

the major characteristics of true fishes. In a number of fishes, the lateral line system is retained 

in the lateral line canal and conspicuous along the sides of the body and head of fish. The 

number, position of canal, and its alignment (straight oroblique, perforations, i.e. anterior, 

posterior or lateral) are important features that have been given substantial relevance for fish 

classification (Kaur and Dua 2004).The wide range of structural variation of lateral line canal 

has been documented in different teleost species by many authors (Mahmoud et al. 2005 and 

Mekkawy et al. 2011). The position of canal, its alignment are significant features that have 

been given substantial relevance for classification of fish (Kaur and Dua 2004). In the present 

study, lateral line scales canal shapes were different like long and straight, long and curved, 

short and straight to curved canals were present which show similarities with the findings of 

Jawad (2005). The current study also reveals that two main types of LL scales were present with 

three sub-types. LL scales were tubular-scaler and non-tubular scales. Voronina and Hughes 

(2017) recorded four main types of LL scales including tubular-scaler and non-tubular cycloid 

scales which support the findings of the current research. In case of A. mola two structural types 

of lateral line scales were recorded while Voronina and Hughes (2017) recorded two types of 

lateral line scales in case of clupeiformes, anguilliformes and some other orders. 

General shape, size and the architectural specifications such as focus, circuli, radii, 

tubercles, cteni and so on of the fish scales - observed using microscopy have long been 

effectively used as versatile research material in various ichthyological researches such 

asphylogeny, sexual dimorphism, past environment experienced by fish, discrimination between 

hatchery reared and wild populations, determined times of migration, periods of food scarcity, 

illness, the pathology of a fish scale due to water pollution, growth studies and pollution status 

of the ecosystems of which fishes are a part (Esmaeili et al. 2012). The results of the present 

work revealed that the characters of the scales of the five indigenous fishes exhibited species-

specific valuable taxonomic characters and indicated that such scale characters are fixed and 

stable. The present analysis of scale morphology of five fish may be used in combination with 

other morphological and molecular data in a synergic approach to the phylogenetic and 

systematic study of the fishes of Bangladesh. 
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