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ABSTRACT

K.H. Chang and S. Chen (1972) The age and growth of red sea bream in Pescadores
Island. Bull. Inst. Zool,, Academia Sinica 11(2): 11~19. The age of the red sea bream,
Chrysophrys maijor TEMMINCK & SCHLEGEL, was determined by means of scale reading
of 489 specimens, collected from water of Pescadores Island from July 1970 to December

1971.

The scales between the 13-15 lateral line and the pectoral fin were chosen as the

representative ones. The ring was formed once a year during November to January. For
the growth of the fish, the von Bertalanffy’s equations are given as follow:

FL,=982.72 (1—e~0.077ct+1.097))

W, =14083 (1 —e™0.077(t+1.0987)2.64866

The growth curve was mostly followed by the progression of length of mode of length com-

position data.
Sea.

The red sea bream, Chrysophrys major
TEMMINCK & SCHLEGEL, is a demersal fish,
distributed among Japan, Korea, China, Taiwan,
Southeast Asia®? and Hawaii‘®®. Using long-liner
or hand-liner, the Taiwanese caught the red sea
bream from rocky bottom  of the entire coast of
Taiwan and the Pescadores Island.

The red sea bream is one of the most eco-
nomically important fish in Taiwan. Its biological
information is wanting and its production is
somewhat unstable. The present report provides
age data, in conjunction with length and weight
measurements, which are invaluable in studying
stock composition, age at maturity, life span,
mortality, growth and production which are
important in the study of population dynamic.

11

Though the growth rate 0.077 was smaller than East China and Yellow

There were reports about age and growth
of the red sea bream, such as Ebina®~", Wang“",
Murakami & Shindo“??, Akazaki‘??, Murakami
& Okada“'® etc. Most of them determined the
age and growth by means of scale reading. The
present study adapted the same method to deter-
mine the growth pattern of the red sea bream
in Taiwan. Comparisons of the present results
with other previous investigations are made.

MATERIALS AND METHODS

The study was based on data from 489
specimens collected monthly by hand-liner from
July 1970 to December 1971 in water around
Pescadores Island.

The red sea bream has ctenoid scales. Their
appearance is typically pentagon, with feeble



12 K.H. CHANG AND S. CHEN @

ctenii on the apical area. FEight to ten grooves
(radii) radiate from the focus to the margin of
the covered part. . Around the focus, there are
many ridges. Change in the growth patiern‘may

affect the distribution of the ridges, -The -annuli -

are formed during the alternative periods of fast
and slow growth. The feature serving as pi’in-_
cipal indicator of the annuli is the transparent
circuli space between ridges of: a unstaining scale

and the dark red color ring in a stained pre-.

paration.

with its position. The scales between the 13-15
lateral-line and the pectoral fin were employed
exclusively for age determination, because they
have the smallest coefficient of variation and“the
largest scale size.

the radius of each annulus (r,) were made.

In "addition their shape is~
symmetrical and their rings are distinct and easy -

to be recognized.
Six scales were removed from each speci-
men. The scale was stained in Menon’s solution

“for ‘at ‘least 24 Hours and mounted on slides with
- glycerine. - Scales were examined through Nikon

Profile Projector (modal 6ct) at the magnification
of 10. Measurements of radius of scale (R) and
The
radius of the.scale in millimeter was measured
from the foeus to the basi-lateral angle. Body
length of fish was measured to the nearest mil-

Scale varies in size and shape in accordance * limeter, body weight in grams was obtained with

balance.

RESULTS
1. The results of ‘age determination:
~ "The determined age from 390 -samples was
listed according to the length' class~with 25 mm

Fig. 1. Photographs of the scale of red sea bream showing the rings.
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Fig. 2. The length distribution of each age group.

intervals. In Fig. 2 the length composition of
each age group is shown and there is obvious
overlap of the length distribution between each
age group. -The wide range in length of each
age and the great overlap of adjacent age groups
indicate a high degree of individual variation in
growth rate.

2. Length-weight relationship:

Length and weight information on fish, aside
from its significance in biological studies, are use-
ful in population analysis, for converting length
to weight®,

. The equation W=aL?, where L is body length,

and a,’b are constants, was assumed, to express .
the relation of length to weight.

Examination of the plot of length-weight
data revealed no significant difference’ between
monthly samples.

Thus the general length-weight relationship
was established by combining all of the data.
The length-weight relationship of 489 specimens
is:

W=2.4210 x 1074L2.648%6....... (I r=0.99332
The correlation coefficient (r) of 0.99332 indicat-
ed a high degree of relationship and predictability
between length and weight.
3. The relation between the body length and the
scale length:

A curvilinear regresion was applied to ex-
press the body-scale relationship. - *

As in W—L relationship, there is no signi-
ficant difference among monthly samples. We
combine all data and obtaine an equation as be-
low: ‘ o

L=50.265-+10.360R+1.4R? orvvrveevenn(l)
4. Back calculation of the body length at the
time of ring: formation:

The averaged ring radii of each rmg group
are calculated as:

. ry 1) rs Iy
4.497 . 6.285 7.894 9.227
rs Te ry Iy
10.865 11.865 12.695 13.148

Based on those averaged values of ring radii ob-
tained and equation (II) the calculated body
length at the time of ring formation (L,) were
computed. In order to compare the results with
other ~ previous studies, those calculated body
length were converted to fork length by equation
FL=1.145 L+1.539. The results are shown as:

FL, FL, FL, FL,
144.857 196971 252.688  307.125
FL, FL, FL, FL,
377.240 425.069 468.062  492.167

5. Walford’s graphic test:
. The results of age determination can be con-
firmed by applying the Walford’s graphic method.
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Plotting r,,, against r,, the regression line is
shown as below:

Prsg=2.58140.9817, -+ rereerererrinrenen. (111)

With the same method, when plotted FL,,,
against FL,, the linear equation is obtained as:

FLy  =T7251140.926F Ly ceeeerieercinen Iv)
FL,=982.720 mm

The slope of this line was 0.926. The asymptotic
length, FL.,, is the point where the line cuts the
45 degree diagonal from the origin.

Since above two regression lines both have
intersection with the 45 diagonal, the measured
ring radius and calculated fork length formed
periodically is then confirmed.

6. Growth in length and weight:

Applying the von Bertalanffy equation

FLy=FL,(1—e™*tp)

where:
FL;=the fork length at ¢ age
t=age
FL4=maximum fork length
K=growth parameter
t,=the age when fork length equal to
Zero
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body weight.

Those parameters are estimated as below:

k=—Inb
to=t+1/k{In[(FLy,~FL;)/FLx]}
Thus the growth equation of the red sea bream
is obtained as:

FL,=982.720(1 — €™0-07U+1,000) oovves V)

Based on equation (V) and equation (I), the
growth in weight equation is estimated as below:

W= 14083(1 — g0.077t+1.008))2,64865... .. (V1)

The curves of growth in length and growth in
weight are shown in Fig. 3. Since the samples
were all above I age, the estimated growth curve
could not be illustrated from those under I age™.
7. The time of ring formation:

We can use the ring as an indicator of age
determination only because the ring formation is
periodical. The time of ring formation was pre-
dicted by calculating the monthly changes of the
marginal increments. Marginal increment is:
(@)=[R—rn/(rn—rn_y)). The results showed in
Fig. 4, the monthly changes of () dropped down
abruptly in November and persisted through
Janurary, indicated the ring was formed once a
year during November to January.
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8. The monthly modal length:
The growth curve can be examined from the
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progression of length of mode of length com-
position data. The body length frequency distri-
bution was shown in Fig. 5. The growth curves
derived from equation (V) and the modal length
of the samples are both plotted in accordance
with months (Fig. 6). The observed modals fit
well with the predicted values.
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A

DISCUSSION

1. The interpretation of annual ring:

The interpretation of ring is critical to the
age determination. In AKAZAKI’S work, the
annual ring was a thin transparent zone appearing
on the scale and looked like a white circular
ring from the photographic - print. SHINDOU#®
studied the yellow sea bream and reported that
the annual ring could be recognized between a
transparent zone and a dark zone. Although yel-
low sea bream and red sea bream both belong
to the family sparinae®), MURAKAMI &
OKADAU2 considered there were no such zones
on the scale of red sea bream. " Yet the annual
ring was determined by the disorder ridges con-
tinuing from basal area to lateral area. The in-
terpretation of annual ring in the present study
was based on the transparent circular space bet-
ween adjacent ridges. It was similar to those
two worker’s. Furthermore there were high cor-
relation between the R—r, of each ring group.
The older the fish is, the higher the coefficient
of correlation and the larger the slope of those
regression line are. This reveals the measured
R and r, are trusty. In general, the older the
fish is, the more difficult the interpretation of
the annuli is. The problem is complicated by
the presence of false rings and regenerated
scales often found in older fish, Therefore there
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are only 390 samples could really be used in age
determination. The percentage of readable scale
is 79.8. :
2. The relation between the

body length and the
scale length: ‘

Comparison of the growth curve of the red sea bream.

The graph of- body-scale data from 390
specimens seemed to indicate a linear relation-
ship between the body length and the scale
length. The straight line fitted by least squares
to these data obtain the equation: L= —356.056



AGE AND GROWTH OF RED SEA BREAM 17

TABLE 1
Results of the application of Walford’s graphic method.
(Based on MURAKAMI & OKADA, 1967)

Author Year ~ Locality b a FL,(mm) k
Ebina 1936 | Izu 0.891 90 825 0.115
Wang 1937 | Hiroshima 0.890 73 662 ©0.116
Ebina 1940 | Hiuchinada 0.892 84 778 0.114
Ebina 1940 | Saganoseki 0.891 - 56 514 0.115
Kawase 1953 Kii 0.887 110 973 0.120
Akazaki 1960 | Wakasa Bay 0.893 6 710 0.113
Mio 1962 | Northern Kyushu 0.873 103 303 0.136
M‘galggéa 1967 | East China & Yellow Sea 0.915 62 740 0.09
Okada 1970 | East China & Yellow Sea 0.909 68 749 0.095
Present study 1972 Pescadores Is. 0.926 72 982 0.077

+35.274R, where L is the body length in mm and
R is the scale length in mm. The test of signi-
ficance of linear regression revealed that the
linear regression was reasonable. But the inter-
cept of —56.056 appears unreasonably to estim-
ate the body length at scale formation.

A curvilinear body-scale relationship has been
demonstrated by Thompson®> by L=a-bs+cs?,
where a is the intercept on the abscissa. We
also gave the L—R relationship by curvilinear
regression and obtain the equation as: L=350.265
+10.360R+1.4R% The intercept of 50.265 ap-
pears reasonable well enough to approximate the
size at scale formation. Furthermore, we also
make a test of significance of curvillinear re-
gression. The result indicated significant differ-
ence and the value of deviation from quadratic
was smaller than that of deviation from linear.
Thus we considered the equation of curvilinear
regression of R—L relationship is the best fit.

3. The time of ring formation:

In Japan, the time of ring formation varied
according to the age group and the geographical
difference. No doubt, the environmental changes
may influence the physiological condition of the
fish and modify the ring formation. The time

of ring formation of those from Pescadores Island
was estimated to be during Nov.-Jan. It is pre-
supposed that the lowest water temperature in
winter may cause the sudden increase of the
gonad index“® and the formation of rings.

4. Comparison of growth pattern:

Results. of the application of Walford’s
graphic method were shown in Table I. Accord-
ing to MURAKAMI & OKADAY“?, the growth
patterns of this species are shown in Fig. 7 and
divided into three groups as in Table II. In
comparing with other previous investigations in
Japan, the growth pattern of the red sea bream
of Pescadores Island can be classified into the
third group. Though the growth rate 0.077 is
smaller than those in East China & Yellow
Sea, they are still very close.
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