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Present study consists the morphological characters of premaxillary bones of six genera and twelve species of the family Sciaenidae 

to provide a baseline to compare with other genera of the family and also to validate the taxa assigned to the genus which could be 

useful to make inferences about the phylogeny of the family. Morphometric measurement of premaxillary bone were measured the  

length of the lower margin of the horizontal part of the premaxillary (L), length of the vertical part of the premaxillary along the 

ascending process (M) and length from anterior corner of the premaxillary process to posterior tip of the horizontal part of the 

premaxillary (N).Inter- and intra-specific relationships between these species were also evaluated using multivariate analysis, 

standard discriminante function analysis and cluster analysis. Premaxillary along the ascending process (M) and length from anterior 

corner of the premaxillary process to posterior tip of the horizontal part of the premaxillary (N).   

 

[Key words: morphology, premaxillary, villiform, Sciaenidae] 

 

Introduction 

The premaxillary is a part of Jaw bone.   

Premaxillary of Sciaenids is generally varrying in 

their shape. Premaxillary is L- like in shape in 

lateral view. The vertical part of premaxillary 

(premaxillary pedicel) is diverged terminaly into 

two parts: Anterior selender bar (ascending 

process) and posterior Flattish plate (articular 

process). The process situated at the upper margin 

of the horizontal bar of the premaxillary is post 

maxillary process. Features of both ascending and 

post maxillary process are varying between the 

species in sciaenid fishes.Family sciaenidae one 

of the important demersal fisheries resources of 

India which contribute about 5.43% of total 

marine fish landings of India during 2012
1
. The 

family Sciaenidae, also known as croakers, drums 

and jew fishes whichcomprises 70 genera with 

270 species
2
.A total of 40 species of Sciaenids 

belongs to 27 genera are distributed in Indian 

Ocean
3
. The contributions made by many authors 

on Sciaenid taxonomy
3-7,8-9

were based on external 

morphological characters have cleared some of 

ambiguity in the taxonomy of the species 

occurring in the Indian Ocean. Species 

differentiation of few Sciaenids based on 

morphometric and meristic features have been 

commonly used to distinguish the species 

taxonomically, and to separate different 

morphotypes
10-11

. An attempt has been made on 
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species differentiation of sciaenids based on 

otolith morphometry
12

. 

The classification of the Sciaenid fishes of China, 

described based on arrangement of the pores on 

the outer margin of the lower jaw, classifying the 

Sciaenid fishes examined by them into four forms 

based on the characters
13

. Description and the 

characteristics of jaws bone was compared with 

osteological characters for seven species of the 

Sciaenid fishes from Korea
14

. The jaw bones was 

considered to be an important character to 

separate the group of Sciaenid and extensively 

studied the differentiation of the Sciaenid fish 

collected from Japan and China Sea
9
. 

Morphological, myological and osteological 

character of Sciaenids was studied to establish 

phylogenetic relationship of the family 

Sciaenidae
15

. 

 

Materials and Methods 

The sample was collected from shrimp trawler 

bycatch operated in various fishing ground of the 

north-west coast of India. Twelve species viz., 

Johnius glaucus (133-180mm), J. belangerii (98-

178mm), J. dussumieri (184-253mm), J. 

macrorhynus (98-258mm), Otolithoides biauritus 

(220-395mm), Paranibea semiluctuosa (139-

272mm), Otolithus cuvieri (125-272mm), O. 

ruber (132-281mm), Pennahia aneus (137-

189mm), Protonibea diacanthus (148-248mm), 

Johneiops sina (113-187mm) and J. vogleri (112-

272mm) were collected, kept in ice till this sample 

reached to the laboratory and identified using 

standard books andFAO species identification 

sheets
16

. Osteological preparation methodology
17

 

was used for premaxillary bone preparation. The 

bone of premaxillary was carefully cleaned and 

stained using Alizarins’ staining technique
18-19

 for 

further osteological studies. Statistical analysis 

was done by statistical software SAS Institute, 

2010. Cladistic analysis of morphometric traits of 

premaxillary bone was made by using Past 1.24 

version
20

. 

 

Result  

Premaxillary is a jaw bone of Sciaenids possess 

unspecialized shape like other Perciform fishes. 

The premaxillary includes four processes: the 

ascending process, articular process, alveolar 

process and post-maxillary process. In the present  

 

study it was found that the length relationship 

between the ascending process and alveolar 

processes are not uniform, the ascending process 

is usually longer in those Sciaenids with an 

inferior mouth.  Alveolar process is usually longer 

in Sciaenids with a terminal to oblique mouth. 

Along its ventral border, the alveolar process has 

conical, uniform sized teeth (Fig. 1-2). 

 

 
 

Fig.1- General description of Premaxillary bone: 1. ascending 

process; 2. articular process; 3. post premaxillary process; 

and 4. alvelolar process 

 

 
 

Fig.2- Lateral view of premaxillary bone: L, length of the 

lower margin of the horizontal part of the premaxillary; M, 

length of the vertical part of the premaxillary along the 

ascending process; N, length from anterior corner of the 

premaxillary process to posterior tip of the horizontal part of 

the premaxillary   

 

Jaw bones are considered to be an important 

character to separate the group of allied species in 

teleostean fishes. The conical teeth of the anterior 

part of alveolar process are usually larger than the 

posterior ones.  Premaxillary is resembles like L-

shape in the lateral view. Vertical part of the 

premaxillary is diversed into two parts: the 

anterior slender bar (ascending process) and the 

posterior flattish plate (articular process) while 

postmaxillary process situated at the upper margin 

of horizontal bar (alveolar process). Morphology 

of these premaxillary procees varies between the 

genera and species (Fig. 3).  
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Fig.3- Lateral view of premaxillary bone of twelve sciaenid 

species: 1. ascending process; 2. articular process; 3. post 

premaxillary process; and 4. alvelolar process 

 

 

 

 

 

 

 

All species of the genera Johnius except Johnius 

macrorhynus, the post maxillary process was 

moderate in horizontal length and the ascending 

process comparatively higher obsereved; M/L and 

N/L ratio 0.73-0.98, 0.37-0.47 respectively. 

Genera Johnieops andOtolitheshave very less 

difference in the relative size of ascending 

process; ratio M/L is in range of 0.49-0.52 

similarly post maxillary process ratio N/L was 

observed 0.45. Ascending process is 

comparatively short in genera Otolithes; Otolithes 

 cuvieri and Protonibea diacanthus; the ratio M/L 

varies between 0.42-0.46, the post maxillary  

process being moderately long; the ratio N/L 

onserved between0.40-0.46. The species 

Paranibea semiluctuosa, the ascending process 

comparatively high; the ratio M/L was observed  

0.60 and the post maxillar process similarly large; 

the ratio N/L was found 0.48. In case of 

Otolithoides biauritus the ascending process as 

well as post-maxillary process relatively moderate 

in length; the ratio of M/L and N/L was observed 

similar 0.44 (Table 1). 

Desriptive statistics of each morphometric 

measurement of premaxillary bones for easch 

species is given in the Table 2. Multivariate 

analysis (MANOVA) suggested that all 

morphometric traits of premaxillary bone were 

found to be significantly deferent in the species 

studied. There were significant difference 

(MANOVA, Wilks' Lambda <1.00, df =55,314; 

P<0.001) in at least one of the morphometric traits 

of the groups (Table 3). 

Table1- Ratios of M/L and N/L calculated of the premaxillary of 12 species of Sciaenid fishes giving the avertage and in 

parentheses the range. See the fig. 2 for the description of L, M and N 

Species Saple 

size 

L M M/L N N/L 

Johnius belangerii  12 0.60-0.90 0.43-0.72 0.73 (0.68-0.78) 0.29-0.43 0.45 (0.41-0.48) 

J. glaucus 9 0.89-1.10 0.75-0.85 0.84 (0.77-0.90) 0.33-0.40 0.37 (0.34-0.40) 

J. dussumieri 13 1.00-1.20 1.05-1.20 0.98 (0.95-1.00) 0.54-0.55 0.47 (0.46-0.47) 

J. macrorhynus 11 0.91-1.32 0.82-1.05 0.41 (0.38-0.43) 0.35-0.51 0.41 (0.38-0.44) 

Johnieops sina 10 1.20-1.57 0.57-0.81 0.51 (0.47-0.54) 0.51-0.75 0.45 (0.43-0.47) 

J. vogleri 11 1.15-2.10 0.55-1.00 0.49 (0.45-0.53) 0.50-0.71 0.45 (0.43-0.47) 

Otolithes cuvieri 10 1.41-2.30 0.61-1.00 0.42 (0.39-0.44) 0.68-1.11 0.46 (0.43-0.48) 

O. ruber 5 1.35-2.10 0.70-1.12 0.52 (0.51-0.54) 0.53-0.90 0.40 (0.37-0.42) 

Protonibea diacanthus 9 1.31-1.80 0.62-0.80 0.46 (0.45-0.47) 0.55-0.71 0.40 (0.38-0.42) 

Pennahia aneus 6 1.60-1.70 0.72-0.80 0.47 (0.44-0.49) 0.69-0.75 0.44 (0.42-0.45) 

Paranibea semiluctuosa 7 1.89-2.00 1.12-1.18 0.60 (0.59-0.61) 0.90-0.95 0.48 (0.47-0.48) 

Otolithoides biauritus 12 1.2-2.5 0.78-1.05 0.44 (0.40-0.47) 0.70-1.10 0.44 (0.41-0.47) 

Johnius 

belangerii 
Johnius 

glaucus 

Johnius 

macrorhyn

us 

Johnius 

dussumie

ri 

Johnieo

ps sina 
Johnieop

s vogleri  

Otolithes 

cuvieri 
Otolithes 

ruber 

Protonibea 

diacanthus 

Pennahi

a aneus 
Paranibea 

semiluctuosa 
Otolithoid

es 

biauritus 
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Table 2-The descriptive statistics of the morphometric traits of premaxillary bone of 12 species of family Sciaenidae 

 

 Johnius glaucus  Johnius belangerii  Johnius dussumieri  Johnius macrorhynus  

Variable

s 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

L 0.8

9 

1.1

0 

0.95±0.0

3 

7.69 0.6

0 

0.9

0 

0.76±0.0

3 

14.3

3 

1.0

0 

1.2

0 

1.10 ± 

0.6 

9.09 0.9

1 

1.3

2 

1.10±0.0

5 

12.5

9 

M 0.7

5 

0.8

5 

0.80±0.0

1 

3.68 0.4

3 

0.7

2 

0.57±0.0

3 

16.5

5 

1.0

5 

1.1

8 

1.12 ± 

0.4 

5.85 0.8

2 

1.0

5 

0.94±0.0

3 

8.77 

N 0.3

3 

0.4

0 

0.37±0.0

1 

6.35 0.2

9 

0.4

3 

0.34±0.0

2 

17.7

4 

0.5

4 

0.5

6 

0.55 ± 

0.1 

1.82 0.3

5 

0.5

1 

0.45±0.0

2 

11.4

9 

M/L 0.7

7 

0.9

0 

0.84±0.0

1 

4.95 0.6

9 

0.8

0 

0.74±0.0

1 

4.91 0.9

5 

1.0

3 

   0.99 ± 

0.2 

3.95 0.7

9 

0.9

0 

0.85±0.0

1 

4.69 

N/L 0.3

5 

0.4

0 

0.39±0.0

1 

4.34 0.4

0 

0.4

8 

0.45±0.0

1 

6.88 0.4

6 

0.5

0 

0.48 ± 

0.1 

4.17 0.3

8 

0.4

5 

0.41±0.0

1 

5.33 

 Johnius glaucus  Johnius belangerii  Johnius dussumieri  Johnius macrorhynus  

Variable

s 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

L 0.8

9 

1.1

0 

0.95±0.0

3 

7.69 0.6

0 

0.9

0 

0.76±0.0

3 

14.3

3 

1.0

0 

1.2

0 

1.10 ± 

0.6 

9.09 0.9

1 

1.3

2 

1.10±0.0

5 

12.5

9 

M 0.7

5 

0.8

5 

0.80±0.0

1 

3.68 0.4

3 

0.7

2 

0.57±0.0

3 

16.5

5 

1.0

5 

1.1

8 

1.12 ± 

0.4 

5.85 0.8

2 

1.0

5 

0.94±0.0

3 

8.77 

N 0.3

3 

0.4

0 

0.37±0.0

1 

6.35 0.2

9 

0.4

3 

0.34±0.0

2 

17.7

4 

0.5

4 

0.5

6 

0.55 ± 

0.1 

1.82 0.3

5 

0.5

1 

0.45±0.0

2 

11.4

9 

M/L 0.7

7 

0.9

0 

0.84±0.0

1 

4.95 0.6

9 

0.8

0 

0.74±0.0

1 

4.91 0.9

5 

1.0

3 

   0.99 ± 

0.2 

3.95 0.7

9 

0.9

0 

0.85±0.0

1 

4.69 

 0.3

5 

0.4

0 

0.39±0.0

1 

4.34 0.4

0 

0.4

8 

0.45±0.0

1 

6.88 0.4

6 

0.5

0 

0.48 ± 

0.1 

4.17 0.3

8 

0.4

5 

0.41±0.0

1 

5.33 

 Protonibea diacanthus  Pennahia  aneus  Paranibea semiluctuosa  Otolithoides biauritus  

Variable

s 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

Mi

n 

Ma

x 

Mean±S

E 

CV 

% 

L 1.3

1 

1.8

0 

1.55± 

0.06 

10.9

9 

1.6

0 

1.7

0 

1.65± 

0.03 

3.03 1.9

1 

2.0

0 

1.94 

±0.02 

2.16 1.2

0 

2.5

0 

2.11 ± 

0.11 

17.7

0 

M 0.6

2 

0.8

5 

0.73 

±0.03 

11.2

1 

0.7

2 

0.8

6 

0.78± 

0.04 

9.25 1.1

5 

1.1

8 

1.17± 

0.01 

1.21 0.7

8 

1.1

2 

0.95 ± 

0.03 

11.6

4 

N 0.5

5 

0.7

1 

0.63 

±0.02 

10.4

2 

0.6

9 

0.7

5 

0.72± 

0.02 

4.17 0.9

0 

0.9

5 

0.92 

±0.01 

2.35 0.7

0 

1.1

0 

0.94 ± 

0.04 

13.7

3 

M/L 0.4

6 

0.4

8 

0.47 

±0.00 

2.05 0.4

5 

0.5

1 

0.47 

±0.02 

6.29 0.5

9 

0.6

1 

0. 

60±0.01 

20.6

0 

0.4

0 

0.6

5 

0.46 ± 

0.02 

17.4

3 

N/L 0.3

8 

0.4

2 

0.41 

±0.01 

3.79 0.4

3 

0.4

4 

0.44 ±  

0.0 

1.14 0.4

7 

0.4

8 

0.47 

±0.00 

18.8

9 

0.4

2 

0.5

8 

0.45 ± 

0.01 

10.4

8 

 
Table 3- Multivariate analysis of variance of premaxillary data for 12 different species of Sciaenidae 

 

Statistic  Value  F Value  Num DF  Den DF  Pr > F  

Wilks' Lambda  0.00125211  20.10  55  341.49  <.0001  

Pillai's Trace  2.99395921  10.45  55  385  <.0001  

 

The stepwise discriminant function analysis 

identified RML (ratio of length of the lower 

margin of the horizontal part of the premaxillary 

(L), length of the vertical part of the premaxillary  

along the ascending process (M)) is most 

important traits to differentiate the, the partial R-

Square value for RML  was found 0.95 followed  

 

 

by N (length from anterior corner of the 

premaxillary process to posterior tip of the 

horizontal part of the premaxillary (N), second 

most important traits to differentiate the species 

(Table 4). Canonical discrinimant function 

analysis also shows that MRL and N traits were 

able explain 90 % of differentiation of the species 

(Table 5). 
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Table 4- Results of stepwise discriminant function analysis based on the morphometric traits of premaxillary bone 

 

Step  Entered  Partial 

R-Square  

F Value  Pr > F  Wilks' 

Lambda  

Pr < 

Lambda  

Average 

Squared 

Canonical 

Correlation  

Pr > 

ASCC  

1  RML  0.9546  147.32  <.0001  0.04536132  <.0001  0.08678533  <.0001  

2  N  0.7266  18.36  <.0001  0.01240405  <.0001  0.15257206  <.0001  

3  M  0.6428  12.27  <.0001  0.00443088  <.0001  0.20800242  <.0001  

4  L  0.6126  10.64  <.0001  0.00171652  <.0001  0.25103603  <.0001  

5  RNL  0.2706  2.46  0.0112  0.00125211  <.0001  0.27217811  <.0001  

 
Table 5- Results of canonical discriminant function analysis based on the morphometric traits of premaxillary bone 

 

Canonical 

Correlation  

Adjusted 

Canonical 

Correlation  

Approximate 

Standard 

Error  

Squared 

Canonical 

Correlation  

Eigenvalue  Difference  Proportion  Cumulative  

1  0.984077  0.981623  0.003368  30.6528  27.3886  0.8369  0.8369  

2  0.874924  0.853574  0.024999  3.2642  1.5164  0.0891  0.9260  

3  0.797548  0.775239  0.038794  1.7479  1.0626  0.0477  0.9737  

4  0.637672  0.600191  0.063254  0.6853  0.4076  0.0187  0.9924  

5  0.466210  0.429604  0.083431  0.2777     0.0076  1.0000  

 
The Cladogram was constructed based on the 

morphometric traits of premaxillary bone 

mentioned in (Table 1, Fig.4). This cladogram 

was seperated these twelve species in two braod 

clade A and clade B. The similarity between these 

species was shown using Euclidean distance 

between the species. Clade A was completely 

separated from the Clade B, four genera Johnius 

with four species Johnius macrorhynus, J glaucus, 

J. belangerii, J. dussumieri species which have 

very less variation morphometrically. Clade B 

was well separated with 5 genera and 8 species; 

divided into two sub clade; subclade 1 grouped 

into 4 genera and 5 species; Johnieops sina , J. 

vogleri, Pennahia aneus, Otolithes ruber and 

Protonibea diacanthus; subclade 2 grouped into  

3 genera and 3species; Otolithes cuvier, 

Otolithoides biauritus, and paranibea 

semiluctuosa. The well separation of Otolithes 

cuvieri from O. ruber indicated that morphometric 

traits of premaxillary bone more resemblance with 

Otolithoides biauritus than the O. ruber, similarly 

the Johnieops vogleri have more similarity with 

Pennahia aneus than the Johnieops sina. 

 

Discussion 

Sciaenid fish were collected from the around 

Japan and the China Sea, grouped into 9 genera 

and 16 species  on the basis of characteristics of 

premaxillary bone (M, N, L, RML, RNL) and  

 
 
Fig 4 Allocation of the sciaenid fishes based on the ratios of 

three parts (see fig. 2) of the premaxillary: 1. Oc, Otolithes 

cuvieri; Jv, Johnieops vogleri; Js, Johnieops sina; Ob, 

Otolithoides biauritus; pm, Pennahia aneus; Pd, Protonibea 

diacanthus; Ps, Paranibea semiluctuosa; Or, Otolithes ruber; 

Jm, Johnius macrorhynus; Jb, Johnius belangerii; Jd, Johnius 

dussumieri; Jg, Johnius glaucus 

 

classified into three forms; the Johnius-form, 

Nibea-form and Pseudosciaenia- form
21

. In the 

present investigation, the ratio of M/L and N/L 

were 0.68 and 0.43, respectively of J. belangerii 

have found similar result for the same species 

around Japan and the China Sea
21

. The author 

observed, these characteristics of premaxillary 
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bone were found relevant in the differentiation of 

sciaenid fishes of Indian Ocean also. 

Classification of sciaenid fishes based on the 

angle formed by the ascending process and the 

horizontal bar (alveolar process) was done, this 

angle wasreportedobtuse in the genera 

Pseudosciaenia and Collichthys, rectangular in the 

genera Nibea and Miichthys and intermediate in 

the genus Argyrosomus
14

. In the present study in 

all sciaenid species was observed angle formed by 

the ascending process and the horizontal bar 

(alveolar process) shows continuous variation 

except, obtuse in Pennahia aneus and 

Otolithoides biauritus.As the angle formed by the 

ascending process and the horizontal bar (alveolar 

process) show very less variation in most of 

species studied, all species shows rectangle as in 

genera Nibea and Miichthys
14

in except 

Otolithoides and Pennahia, the author cannot 

distinguish these species based on these 

characters, agreed
21

.  

Using multivariate technique was found useful in 

differentiation of closely related species as 

reported for many vertebrates and invertebrates
22-

28
. Therefore, the findings of the present study can 

be used in the differentiation but for identification 

of the species, need more characters should be 

included for these species. There could also be a 

possible link between the variability of observed 

morphometric traits of premaxillary bone in the 

habitat, feeding behavior and prey-predator 

relationship. However, the true reasons for the 

observed morphometric variation of premaxillary 

bone should be studied further using appropriate 

sampling design that includes different localities 

as well as the predatory behavior of the fishes.  

 

Conclusion 

Premaxillary is the one of the important tool to 

differentiate the species of family Sciaenidae, but 

not only tool to separate the group. The width and 

length of the premaxillary might have functional 

relationship with feeding behaviour of the 

Sciaenid.  Length of premaxillary process and 

ratio of these processes well differentiate the 

genera Johnieops group and Johnius, both have 

inferior mouth. There is need for further study and 

inclusion of more character to well differentiation 

of these groups. 
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