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ABSTRACT

The morphology of the scales of euryhaline fish, Etroplus suratensis (Perciformes; Cichlidae)
was studied to evaluate the relationship between scale characteristics like length, width, number of
circuli, primary and secondary radii, cteni, and size of fish. Statistical analysis of the data indicated
a positive correlation between fish size and scale characteristics. A differential growth was also noticed
in the scales from different body positions. Of the various scales examined from body regions like
head, operculum, dorsolateral, midlateral, ventrolateral and caudal peduncle, the midlateral scales appeared
to be the first formed ones showing many typical scale characteristics. A comparison of the scales of
the fish occupying fresh and brackishwater habitats demonstrated that salinity might bring about changes

in scale characteristics.

INTRODUCTION
TELEOSTEAN scales, based on their
characteristics like circuli, radii, ctenii,

granulations and tubulations, are widely used
in ichthyological research, as they can generate
a lot of information relating to taxonomy and
systematics (Sire, 1986; Seshappa, 1985; and
Coburn and Gaglione, 1992). The importance
of specific scale structures in relation to age
and growth of fishes has also been demonstrated
(Senk and Kaludjevic, 1963; Glenn and Mathias,
1985; Bigler, 1988; Prakasam and Johnson,
1988; Kaeriyama, 1989; and Lippitsch, 1990).
A perusal of the literature showed that there
was no uniformity in the definition of scale
characteristics. As for example, the scale size
had been measured based on the scale length,
scale width and scale radius. Another was that
the primary (complete) or secondary
(incomplete) radii had been considered together.
Further, the habitat parameters of the fish
seemed to be ignored for scale characterization.
In addition the metrics and the meristics of

fish scales in relation to size of fish had not
been taken into account. Therefore, an extensive
study was undertaken using a locally abundant
Cichlid euryhaline species, Etroplus suratensis
from two distinct habitats of fresh and brackish
waters.

MATERIAL AND METHODS

Specimens of Etroplus suratensis (pearl
spot) of freshwater and brackishwater origin
from Sasthamcotta freshwater lake and
Ashtamudi brackishwater lake (Kollam district,
Kerala) respectively, were studied using size
groups SI-3.0 to 6.0 cm, SII-6.1 to 9.0 cm,
SIII-9.1 to 12.0 cm, SIV-12.1 to 15.0 cm,
SV-15.1 to 18.0 cm and SVI-18.1 to 21.0 cm.
Six fishes belonging to each size group were
used in the study. Scales were removed from
different body regions like head, operculum,
dorsolateral, midlateral, ventrolateral and caudal
peduncle. From each body region 5 scales were
observed. The description of terms of scale
surface features and the procedure adopted for
scale observation were those of Prakasham and
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Johnson (1988). Among the metric parameters,
scale length was measured in the
anterior-posterior axis of scale while the width
at right angles to the length, to a nearest of
0.5 mm. The meristic parameters taken for
study included number of circuli, radii and
ctenii. Circulus number was counted along the
middle region of embedded portion of scales
where it was at its maximum. The number of
primary and secondary radii was counted
separately. The data obtained were analysed
statistically applying coefficient of correlation
‘" _ and  linear A regression  equation
Y=Y + b(X-X) where X = length of scales
and Y = number of circuli. The number of
ctenii including ciliated spines was counted in
the exposed portion of scales. The differences
in the metric and meristic characteristics
between the corresponding size groups of
freshwater fishes versus brackishwater fishes
of E. surtensis were analysed-using student’s
‘t’ test.

RESULTS

Table 1 and 2 show the metric and meristic
characteristics of scales from different body
positions for the smallest and largest size groups
(SI and SVI) of fishes. The data of the other
size groups (SII, SII, SIV, SV) are excluded
from the tables since they exhibited a linear
increasing trend corresponding to the increase
in size of the fish.

Scale length and width

It may be noted that scales from different
body positions were of various length and
width. The minimum length and width of scales
was observed in the operculum whereas the
maximum length and width in the midlateral
scales. Further, the length and width of scales
increased corresponding to increase in size of
fish but the rate of increase was not identical

in different body positions. This indicated a
differential growth rate in the length and width
of scales. A comparison of scale length and
width between corresponding size groups of
freshwater and brackishwater forms showed that
the ratio of increase was higher in freshwater
E. suratensis. Student’s ‘t’ test showed that the
difference was significant (P < 0.10) in many
size groups as shown in Table 1.

Number of circuli

An increase in the number of circuli
corresponding to increase in fish size was
evident in scales from all the body positions.
It was also seen that the opercular scales had
the minimum number of circuli whereas the
maximum was recorded in the midlateral scales.
Calculations of correlation coefficient ‘r’
between scale length and circuli number showed
that these were positively correlated (Table 2)
in both freshwater and brackishwater fish.

A comparison of data between freshwater
and brackishwater forms, showed that there
were differences in the rate of increase of
circuli number between successive size groups.
It was also found that the number of circuli
was less in scales of brackishwater than
freshwater forms. Computation of ‘t’ test
showed that the difference in circuli number
between corresponding size groups of freshwater
and brackishwater was significant at P < 0.10
in different body positions.

Number of radii

The operculum and head  had
comparatively less number of primary radii
whereas the maximum was on the midlateral
scales. The number of secondary radii was
minimum on the caudal scales and maximum
on the midlateral scales.



TaBLE 1. Data showing the length of scales (mm), width of scales (mm) and the number of circuli in scales from various body regions of two size groups
(SI & SVI) of Etroplus suratensis from fresh and brackishwaters. Mean + standard deviations are given; comparision using student’s ‘t’ test p
< 0.10 : * significant. Fw=Freshwater; Bw=Brackishwater.

Body regions Habitat Scale Length (mm) Scale width (mm) Circuli number

in two size groups in two size groups in two size groups

SI SVI SI Sv1 SI SVI
1.  Head FW 2.0 =05 7.1 = 0.6 19 = 0.1 7.6 = 0.4 54.0 =+ 1.4 1814 = 15.0
BW 13 = 0.2* 63 £03* 15 + 0.4* 6.7 = 04* 383 + 69 170.2 = 3.9*
2. Operculum FW 1.7 = 0.2 51 =06 1.6 = 0.2 52 0.7 588 = 2.1 1394 + 13.7
BW 1.1 = 0.2* 5.0 =09 11 = 02* 4.7 = 0.3 31.2 = 5.4* 114.4 =+ 8.5*
3. Dorsolateral FwW 21 +03 6.5 + 04 18 = 0.2 76 =03 574 = 1.7 2126 = 19.6
BW 14 = 03* 66 = 0.2 14 =03 72 = 04 475 = 2.8 1963 = 17.1
4. Midlateral FW 2.2 = 05 7.1 = 0.2 1.9 = 0.1 7.4 = 0.3 62.3 + 3.7 249.1 + 20.8
BW 1.6 = 0.2 73 = 04 16 = 04 7.7 = 04 60.1 = 14.7 2258 * 14.6
5. Ventrolateral FW 19 = 0.5 69 = 0.1 1.7 £ 0.2 6.6 = 04 55.00x 3.7 2169 = 224
BW 15 203 6.9 = 0.1 15 + 05 6.7 = 0.2 47.6 = 7.2 186.7 = 31.6
6. Caudal FW 1.6 = 0.3 5.7 =09 1.5 = 0.0. 6.0 = 0.6 50.6 = 2.6 2158 = 331
BW 1.2 =+ 0.2* 58 = 0.2 12+ 02% 6.3 = 0.4 50.8 + 11.7* 1956 + 3.1*

TABLE 2. Correlation coefficient and linear regression equation calculated between length of scales vs. circuli number; and width of scales and circuli
number in the various body regions of freshwater and brackishwater Etroplus suratensis. X = length or width of scales Y = number of circul;
Fw = Freshwater; Bw = Brackishwater

Body Regions Scale length vs. Scale width vs.

Circuli no. circuli no.
FW BW  FW BW FW BW FW FW
1. Head 085 095 087 097 Y =1174+237Xx ¥ =524+26% ¥ =143 +213Xx ¥ =52+237X
2. Operculum 085  0.81 081 083 ¥ =143+247X ¥ =85+ 212X Y =354+171X ¥ =30+ 233X
3. Dorsolateral 095 075  0.96 074 ¥ =-33+3311X ¥ =224+311X Y =119 + 262X ¥ = 100 + 260X
4. Midlateral 091 095 091 092 ¥ =36+359X ¥ =374+302X ¥ =36+ 323X ¥ = 138 + 274X
5. Ventrolateral 0.92 092 094 090 ¥ =83+ 318X Y=212+256X ¥=203+339X ¥ =303+234X
6. Caudal 092 09 093 091 Y =50+ 374X ¥ = 28 + 352X Y = 24 + 348X Y = 147 + 29.4X
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The study of relationship between length
of fish and number of radii showed that primary
radii number was positively correlated to fish
length except in operculum (Table 4) in
freshwater E.  suratensis  whereas in
brackishwater species there was positive
correlation in all body regions. The number of
secondary radii in freshwater form was
positively correlated with fish length in the
operculum alone and negatively correlated in
other body regions. In brackishwater species

there was negative correlation in all body

regions.

The significance of the differences in the
number of primary radii between corresponding
size groups of freshwater versus brackiswater
forms was tested using student’s ‘t’ test. A
significance at p < 0.10 level in various body
positions was clear. Similarly, the difference
in the number of secondary radii between
corresponding size groups of freshwater versus
brackishwater forms was also significant at
p < 0.10 level in many body positions and
size groups (Table 3).

Ctenii in scales

Ctenii were absent in the head and
opercular regions (Table 3). Maximum number
of ctenii were found in scales of midlateral
region. Thus in this fish both cycloid and
ctenoid scales were present. Ctenoid scales were
distributed on the lateral sides of the body.
Many ctenii on the margin of scales were very
weak or ciliated especially in fishes of small
size groups. The number of ctenii showed no
increase in number corresponding to size
increase in both freshwater and brackishwater
E. suratensis. Calculation of Student’s ‘t’ test
between number of ctenii of corresponding size
groups of fresh and brackishwater species
showed a significant difference at p < 0.10,
the number of ctenii being higher in freshwater
form.

DISCUSSION

In accordance with the reports that scales:
of different body regions show variations in
size (Sire, 1986; Bilton, 1988; and Lippitsch,
1990), the present study showed that length
and width of scales varied in different body
positions, indicating a differential growth of
scales. (Yang, 1971; Bilton, 1988; Lippitsch,
1990 and Johnson and Prakasam, 1993). The
increase in length and width of scales was also
closely associated with increase in size of fish
similar to the observations made in various
fishes by Witkowski et al, (1984); Adelman
(1987); and Kamonrat and Doyle (1989).

The increase in circuli  number
corresponding to increase in size of scales
indicated that addition of circuli number was
a close reflection of the gradual increase in
fish growth. Similar observations were reported
by Yang (1971), Glenn and Mathias (1985),
Seshappa (1985), Bigler (1988), and Kaeriyama
(1989). Interstingly, based on the number of
circuli, the total length of fish could be predicted
using the regression equation. This might also
be useful in fishery management since age
determination based on annulus counting is
difficult in tropical fishes.

The finding that there existed a positive
correlation between fish total length and number
of primary radii enabled back calculation of
the fish length as proposed by Prakasam and
Johnson (1988).

Senk and Kaludjevic (1963) suggested that
the creation of secondary radii was connected
with sexual maturity of fish in Barbus
merioidionallis. Kostic and Maletin (1989),
however, stated that most intensive creation of
secondary radii was in the initial or young
stages of life. It is likely that fresh radii
originated as incomplete or secondary radii and
as fish size increased they tend to get
transformed into complete or primary radii.



TABLE 3. Data showing the number of primary radi, secondary radii .and ctenii in scales of various body regions in two size groups (SI and SVI) of
Etroplus suratensis from fresh and brackish waters. Mean + standard deviations are given; comparison using student’s ‘t’ test P < 0.10 :
*significant, FW = Freshwater; BW = Brackishwater

Body Regions Habitat No of primary radii in two size groups No of secondary radii in two size groups = No. of ctenii in two size groups

SI SVI SI SVI SI SVI
1. Head FW 0.0 = 0.0 7.2 = 0.7 7.0 = 0.6 19 = 09 0.0 = 0.0 0.0 = 0.0
BW 0.0 =+ 0.0 0.5 = 06 43 + 1.9* 41+ 26 0.0 = 0.0 0.0 = 0.0
2. Operculum FW 74 = 03 48 = 06 23 = 06 34 £ 0.7 0.0 = 0.0 0.0 = 0.0
BW 1.7 = 2.6* 28 + 13 21+ 1.0 12 £ 1.5 0.0 = 0.0 0.0 + 0.0
3. Dorsolateral FW 7.1 = 0.0 102 = 0.3 29 = 0.1 0.8 = 0.4 20.0 = 7.0 319 + 10.1
BW 72 £ 19 10.0 £ 0.7 21+ 11 13 =+ 04 41 £ 93 350 = 12.2
4. Midlateral FW 6.1 = 0.3 10.8 = 0.7 3.7 = 0.6 1.0 = 0.5 0.0 = 0.0 93.0 + 53.6
BW 73 = 24 103 = 1.7 2.1 = 1.0¢ 13 £ 05 39.1 = 21.4% 91.6 = 60.6
5. Ventrolateral FwW 7.5 =0.2 100 = 1.4 29 & 1.2 09 = 0.7 0.0 = 0.0 62.5 = 70.3
BW 76 + 18 103 = 1.1 19 = 0.7 13 £ 03 41 + 93 62.5 = 37.5
6. Caudal FW 7.8 = 0.5 11.0 = 0.6 13 = 0.1 0.7 = 0.6 0.0 = 0.0 513 = 23.7
BW 7.8 £1.0* 9.4 = 1.3* 24 = 0.6 12 + 0.7 0.0 = 0.0 35.5 + 12.5

TaBLE 4. Correlation coefficient and linear regression equation calculated between total fish length and number of primary radii and total fish length vs.
no. of secondary radii in the scales of various body regions in freshwater and brackishwater E. suratensis (X = fish Length; y = no. of primary
radii; or secondary radii; FW = Freshwater; BW = Brackishwater)

CORRELATION COEFFICIENT (R) REGRESSION EQUATION REGRESSION EQUATION
Body Regions Fish length vs. number Fish length vs. number Fish length vs. number of primary radii  Fish length vs. number of secondary
of primary radii of secondary radii radii
FW BW FW BW FW BW FW BW
1. Head 034 0.17 0.74 007 Y=64+11X ¥=071+007X ?=954+-045 ¥ =42+ -003X
2. Operculum 2033 0.04 0.12 002 ¥=70+-001X ¥=16+001X P=164+003X ¥=25-000X
3. Dorsolateral 0.64 0.59 0.63 044 ¥=73+02X ¥=74+02X P-28-01X ¥=25-008X
4. Midlateral 0.69 0.52 .53 036 Y=67+027Xx ¥=72+02X $=30-014x ¥=27-008X
5. Ventrolateral 0.4 0.37 0.47 045 ¥=33+01X P=72+018Xx P=-25-01x ¥=22-007X
6. Caudal 0.76 0.36 -0.53 039 P=72+02X P=63+017X ¥=16-005X ¥=21-007X
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It was interesting to note that in
brackishwater E. suratensis there was marginal
decrease in scale size, number of circuli, number
of radii and number of ctenii when compared
to its freshwater counterpart. This implied that
environmental parameter like salinity can alter
the meristic characteristics of scales.

Bilton (1988) noted that the largest scale
in the body would give the most suitable record
of age and growth of fish and considered it
to be the most ‘preferred scale’ or typical scale,
as the maximum development in all the metric
and meristic characteristics was found in it.
Favourably considering this view, it likely that
midlateral scales were the first formed ones in

E. suratensis during squamation development.
Bilton (1988) and Park and Lee (1988) had
reported that during squamation development,
the first scales were laid in the lateral line
region which then spread to other body
regions.

In a study, Lippitsch, (1990) had explained
that as new scales are laid they appear as
cycloid, subsequently ctenii appear and thus
get transformed into ctenoid scales. In E.
suratensis it appeared that the midlateral scales
alone have been transformed into ctenoid
whereas scales in other regions were retained
as cycloid in the adults.
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