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Introduction

Sea urchin, one of the commercially impor-
tant species in Korea, has long been exploited.
Its salted gonads at the spawning season are
highly esteemed. The annual production of this
stock has been increasing since 1960’s and
its maximum catch attained 5,212 M/T in 1981
(Fig 1). It seems that the recent development
of the sea urchin fishery in Korea has brought
the intensive fishing effort.

Besides this commercial importance, large
quantities of gonad production of sea urchin
undoubtedly play a role in the energy and pro-

duction relation within the benthic intertidal

ecological system (Moore and McPherson, 1965).

In spite of such commercial and ecological
interests, very few studies on the sea urchin
in Korea have hitherto been made. Accordingly,

Anthecidaris crassispina, which is the most hea-

vily exploited among several Korean echinoids,
is chosen in this research to know its basic .bio-
logical knowledge. Consulting the illustrated.
books of the Japanese fauna (Utinomi, 1977),
it seems that geographical distribution of this
species is limited to Far Eastern Asia. Con-
sequently, enough studies on this animal have
not yet been carried out comparing with other
echinoids.

The purpose of this study is to examine the.
growth and spawning season of this species. In
order to estimate the growth of sesa urchin, a
variety of aging method has been used. Swan
(1958, 1961), Fuji (1962. 1963) and
(1966) investigated the growth of Strongy locen-

trotus spp. by Petersen’s method. Growth zone

Kawamura

in the echinoid skeleton (interambulacral and’
genital plates or spines) has been used for aging
by many authors (Deutler (1928), Kume(1929),

Moore(1935), Kawamura(1966), Weber(1956),
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Jensen (1969), Pearse and Pearse (1975).
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Fig.1. Variations of annual production of sea
urchin in Korea (Source of data: Year
book of fisheries statistics, 1981).

Since Moore (1935) used at first attaching tags
with an elastic band, Sinclair (1959) and Ebert
(1965) have improved this technique. Fuji (196
3) and Ebert (1968) analyzed directly the growth
rate of Strongylocentrotus pulcherrimus and S. pur-
puratus by tagging records. The use cof dyeing
method was also examined by Swan (1961).
individual
(Ebert,
1965a). Thus, it has not made further progress.
In addition,
were executed by Bull (1938) and Kakuda and
Nakamura (1974).

Concerning gonad maturation and spawning-

However, this one did not allow
marking of large numbers of animals

growth observations in aquarium

time, it is well known that these can be usually
determined by gonad index. Gonor (1972) pre-
sented the gonad growth data of Strongylocentro-
tus purpurpuratus by size classes, Moore et al (195
3), Ebert (1968) and Fuji (1957) have recorded
some relationships between gonad maturation
and size of sea urchin.

In present study, growth rate and spawning
season of Anthocidaris crassispina sampled at
south-east ccast of Korea (Ilkwang) are mainly
investigated and compared with those of other
different arcas.

Before going further, the writers would like

to express their sincere thanks to Mr. B, H.

Lim of Kyung Il Seedling Station at Ilkwang
for his hearty assistance during the sampling

period.

Sampling and Analysis Methods

Samples throughout the study period have
been collected from 5 areas of Korean coastal
waters (Fig.2). Relative continuous sampling at

Ilkwang has been effected from August 1980 to

. : ; £

<

‘L Jumunjin 1

|
" » _ ?,2
Eochungdo
llkwang
Dolsan o
d=
- [
(& Sungsanpo
Jejudo

1 1 i 5‘7

125° 12re i29° 12I°E

Fig.2. Map showing sampling stations

August 1982. In order to compare the geographi-
cal difference among Korean echinoids on the
growth and spawning, sampling from the 5 areas
in August 1980 and 4 areas except Jumunjin
region in May-June 1982 has been carried out.
Anthocidaris crassispina at rocky shore of 3-4 m
deep was collected under boulder and in crevice
by SCUBA or woman divers. Biometric mesure-
ment was executed on all samples . in labora-
tory. The external maximum test diameter and
height, and the maximum distance of ambulac-
ral and interambulacral areas were measured by
0.01 mm with knife edged calipers.

The anal region, also known as periproct,
and the largest spine taken out were also meas-
dured by 0.01 mm with divider. After measuring

total body weight gonads removed from test
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were weighed by 0.01 g with a mechanical
balance.

The frequency distribution of test diameter
was analized to know the growth rate. The
gonad index was computed by the ratio of gonad
weight to total body weight and has been
expressed in percentage. Difference by sampling
region on the growth and spawning season are
analyzzd and compared with each other.

Result

Frequency distribution

From August 1980 to August 1982, 887 speci-
mens were collected at I1Kwang by random
sampling method. Thus, the collection may
represent the natural population. The frequency
distribution of diameter is shown by the months
sampled in Fig.3. Specimens collected during
the sampling period varied from 17.65 to 76.75
mm in diameter. Since monthly sampling size
was small ranging from 33 to 112 individuals,
the frequency distribution was analyzed in

percentage for comparison.

Tn Fig.3, it was not easy to distinguish the
clear mode and peak which varied continuously
with the month sampled. However, some modes
were apparent each month. The mode and peak
between the samples of August 1980 and 1981,
the fre-
quency distribution of the samples of August 1980

appeared very similar. Consequently,
was selected at first to examine age groups. In
this month, 4 modes could be separated. The first
one below 44 mm with the peak of 43 mm was
not so clear as a mode, but taking into consi-
deration the appearance of peak of 43mm in
November 1980 and in August 1981,
that the mode exist below 44 mm. The mode

it is sure

from 45 to 55 mm with the peak of 51 mm was
more clear than the previous one. The 3rd one
with the pealk of 58 mm from 56 to 62 mm was
the most diatinct. Becauso of insufficient speci-

mens over 63 mm, the estimate of the class in-
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Fig.3. Diameter distribution of Anthocidaris cra-
ssispina from Ilkwang (Aug. 1908—Aung.
1982).

tervals and peak of mode from this size could
not be analyzed. On the one hand, the class
intervals and peak up to the 3rd mode were in
accord very closely with those of August 1981.
This similarity between 1980 and 1981

that recruitment and mortality of the stock,

suggests

Anthocidaris crassispina at Ilkwang were stable
and the estimated class intervals and peak
indicate the real age group and mean test
diameter by age.

From the samples in November 1980, the modes
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up to 62mm were more clear than those in
August 1980 and 1981. The first mode from 26
to 35 mm which had not occurred in the previ-
ous months appeared newly with the peak of
32 mm. The mode over 63 mm was not definite
because of insufficient specimen number.

The specimens less than 25 mm were very scarce
at Ilkwang during the study period. Only one
individual per month from April to June has
been appeared and its diameter was 25, 20 and

17 mm, respectively.

Refer to the first mode (25-35 mm) in Novem-
ber in 1980, this can not be considered as the first
age group. It scems that 32 mm of its peak is too
large to believe as the mean diameter of 1 year
age. Consulting the frequency distribution of
specimens of sea urchin at Jumunjin in August
1980 (Fig.4),

roximately from 13 to 24 mm. From these two

the first age group will be app-

appearances, it will be possible to estimate that
the mean test diameter of 1 year group in August

corresponds to about 19 mm.

In other respects, the comparison of frequen-
cy distribution of sea urchins from 5 different
areas in 1980 and 1982 are also shown in Fig.4.
With regard to frequency distribution it was
different according to geographical location. Spe-
cimens in  August 1980 at Ilkwang and Dolsan
were fairly similar. In the case of Jumunjin,
even though the number of specimens was not
enough to analyze the growth mode, the occur-
rence of younger age group was distinctive
feature. The frequency in percentage of the first
mode (13-24 mm), the second (25-34 mm), the
3rd (25-41mm) and the 4th (48-51 mm) were
33, 42,
vely.

19 and 5% of total specimens, respecti-

On sea urchins at Eochungdo, it seems that the
mode could be devided into 3 groups:29-40 mm,
41-48 mm and 49-57 mm.

The peak of each mode appeared at 38, 46
and 49 mm, respectively. Although these peaks
with those wvalues

and modes were different

estimated previously, the second high frequency
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Fig.4. Frequency distribution of Anthocidaris
crassispina from 5 sampling areas in 1980
and 1982.

42 and
51 mm, respectively, which are nearly equal to

of each mode has been revealed at 31,

the result of Ilkwang.

The sea urchins from 36 to 70 mm at Sungsan-
po showed the vague mode but the peaks at
42, 51 and 58 mm were also remarkable,
and its

In consequence, while class interval
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proportion to total frequency distribution were a
little different by area, the mean diameter of
each size group was almost the same by region.
Concerning the growth modes in 1982, speci-
mens from each area showed the different fre-
quency distribution. Sea urchins from Dolsan in
" June and Ilkwang in May have the similar
growth modes to the results in August 1980.
With regard to comparison between the samples
* at Sungsanpo in August 1980 and in May 1982
very similar modes appeared. Considering the
different sampling months between the years,
it seems that sea urchins at Dolsan have the
similar growth mode between the years, and
‘ conversely, ones at Ilkwang and Eochungdo
have very different one.
in 1982

were generally smaller than those in 1980. How-

In the case of Ilkwang, specimens
ever, sea urchins from Eochungdo in 1982 were
much larger than those in -1980. Particularly,
it is noteworthy that such large group appeared

only one time during the study period at 5

- areas.

On the one hand, from the 112 individuals in
1980 at Ilkwang, the relationship be-
tween total weight and diameter was obtained
(Fig.5.).

By using this relationship and the mean dia-

August

meter of each age group estimated previously,
"total mean body weight by age was computed
(Table 1).

Until 5 years of age younger age group has
higher increment in diameter and lower incre-
ment in weight.

The mean diameter by age was plotted by
Walford method (1941) on the graph paper of
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Fig.5. Relationship between total weight and
diameter of Anthocidaris crassispina collect~

ted in August 1980 at Ilkwang.

t+1 against diameter at ¢t (Fig.6). The equation is:
Dia. (4+1)=16.87+0.80 Dia. (),
with a high value of coefficient of correlation
(r=0.9995). The equation of von Bertalanffy
(1938)was used as a growth model of sea urchins:
L=1, (1—e-k(-10)) '
where:!l, is test diameter at time t,
l.. is asymptotic (maximum) size,
k is a measure of the rate at which an
organism approaches asymptotic size,
t, is age when test diameter and total

weight are theoretically null; % has no biological

Table 1, Estimated diameter (mm) and body weight (g) of each age group of Anthocidaris

crassispina
(W(g)=0.7244 D(cm)?5517, r=0.9012)

N age

t
grow 1 2 3 4 5
Diameter (mm) 19(D) 32 43 51 58
Increment in dia. (mm) 13 11 9 7
Total weight (8) . 4 14 30 46 64
Increment in weight (&) 10 16 16 18
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Fig.6. Walford plot of growth of Anthocidaris
crassispina.
significance.

From Fig.6., a slope, e~*=0.80 (¥=0.223) and
an intercept on diagonal of [.=84.8 mm were
directly computed. The values of ¢, at 3, 4 and
5 years old sea urchins are —0.211, —0.157 and
—0.193 year, respectively, and its mean value
is —0.187 year. Thus, the growth equation of
sea urchin becomes:

[,=84.4 (1—e-0-223(ft0.187)),

Frcm this equation, it is possible to estimate
the diameter of older sea urchins by age. The
results are computed as follows: 63mm at 6
years, 67.4mm at 7 years and 70.8mm at 8
years. On the diameter of 1 year of age, ca. 19
mm obtained previously is very similar to 19.6
mm calculated by this equation. Since older
age groups than 5 years were not considered

in Walford plot, these values obtained by ma-

thematical model should be reexamined. How-

ever, this maximum size of 84.4 mm estimated

. by this equation seems to be reasonable result.

Relative growth

In order to know the relative growth of other
body portions on the growth of diameter 112
individuals collected in August 1980 at Ilkwang
were analyzed. The lengths_of height, periproct,
ambulacral and interambulacral zones and the
longest spine relative to the diamter of the body
test were determined. In other respects, the gonad
weight was also compared with total body
weight. The linear regression is shown with its
959 confidence limits in Table 2.

These relations were simple linear ones for
all measurements. To investigate the variation of
relative growth in accordance with the age, the
proportions of height and spine to diameter were
computed and tested by statistical method (Table
3). Any statistical significances were not found in
the proportion of height to diameter. Conversely,
the proportion of spine to diameter was differ-
ent by age. Considering the variation of mean
proportion of spine to diameter by class interval
of age, the growth of spine was in proportion
to age until 3 years (46.0—54.9 mm). But it
was inversely proportional to age from 4 years.
In consequence, high value of t appeared at the
comparison between small and old age groups.
The reason of feeble value of coefficient of
correlation of spine to diameter in Table 2 can
be explained by this phenomenon. Moreover,
concerning the variation of relative growth by

month any distinct variation of the proportion

Table 2. Linear regressions of body size measurements of 112 sea urchins, Anthecidaris
crassigpina from Ilkwang in August 1980 (Body portions (mm)=a+b dia. (mm)).

Bodyv portions (mm)

r+959% limits

44959 limits

a+95% limits

Height

Periproct
Ambulacral zone
Interambulacral zone
Primary spine

Gonad weight to total
weight (&)

0.5628<0. 6766<0. 7651
0. 3067 <0, 4632<0. 5974
0.7158<0. 7951 <0. 8541
0. 8554 <0. 8980 <0. 9286
0. 0778<0. 2584 <0. 5005
0. 78290, 8452<0. 8907

0.39494-0. 09035
0.0621+0.01982
0.2745+0.03880
0.332540. 03020
0. 1452 +0. 08250
0.2510%0. 08850

1.62324:4.7761
0.885141.0481
—0.83114:2.0511
0.88761. 5955
12.781914.3613
—3.1580+£5. 0980
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Table 3. Proportion of height and spine to diameter of Anthocidaris crassispina and
statistical test between class intervals
1) Proportion

Class intervals Height/Diameter(%) Spine/Diameter(%
(o) N. Mean S.D N. Mean S.D
35.9 > (4) 3 42 0.33 3 44 5.57
36.0—45.9 (B) 17 43 3.91 12 49 15.99
46.0—54.9 (C) 57 43 0.60 55 41 8.31
55.0-62.9 (D) 22 43 0.74 31 37 3.12
63.0< (E) 12 41 0.68 13 33 16.81
2) Statistical test (Student’s t)
Height/Diameter(%) Spine/Diameter(%
Comparison Value of ¢ Comparison Value of ¢

A:B 0.11 A:B 0.52

A:C 0.18 A:C 0.62

A:D 0.08 A:D 1.45

A:E 0.33 A:E 3.05%*

B:C 0.05 B:C 0.98

B:D 0.07 B:D 2.22%

B:E 0.67 B:E 3. 39+

C:D 0.25 C:D 2.16%

C:E 1.02 C:E 3. 209%*

D:E 0.66 D:E 1.62

* Significative in 95% confidence interval
** Significative in 99%

of height and spine to diameter did not appear.

Comparison of growth rate of weight

to diameter

With regard to exponential equation,

a(Die.)? the values of @ and b of specimens in

Table 4. Relationship between total weight and daimeter of Anthocidaris crassispina taken

confidence interval

August 1980 by area were czalculated by logarith~

mic transformation, log W=loga + &log (Dia.)

(Table 4). Very high correlation Letween weight

and diameter existed in all sampling area. To

compare the growth rate b of weight to diameter

W= between the different areas, test of homogeneity

in August 1980 and test of homogeneity of two b s
(W(g)=aD(cm)?)

of the & was executed as Student’s ¢ with

Test of homogeneity of two 0’ s

Area No a b r -
comparison value of ¢
Ikwang 112 0.7244 2.5517 0.9012 A:B 6. 00*%*
(A A:C 4. 3gHE*
Jumunjin 42 0.4858 2.7929 0. 9864 A:D 8:79%%*
(B) AE 16. GO***
Yeosu 120 0.6986 2.6395 0.9390 B:C 7.E7H¥%
) B:D 10. J2%*+
Eochungdo 165 0.8914 2. 3760 0. 8555 B:E 14, 0] **k*
D) , C:D 13, 18%4+
Sungsanpo 131 1.3078 2.2326 0.7949 C:E 20. 50***
(E) D:E 7. 00+

#+#4: Significative in 99.99% confidence intcrval

n+
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n,—4 degrees of freedom.
by —b,
VS N x4 1/ T xa2)

Quantities b, and 3x% are the regression coeffi-
7

l=

cient and sum of squares for z from the first

sample group, and similarly the second sample,

and
Dyki— [(Zx,zylz)z/lezt]}+{Zy22t
52, = —((Lxai 321)% L %M1
L nl——2+nz—2

'is the best estimate of the variation about re-
gression. High values of ¢ at every comparison
indicate that the growth rate of weight to
All of them
confidence intervals.
the

diameter is different by area.

“are significative in 99.9%
Giving consideration to these values of ¢,
highest value appears at the comparison be-
tween Dolsan and Sungsanpo, and the lowest
one between llkwang and Dolsan. Lower values
occurred generally between the adjacent areas.
However, even though Dolsan is the most adja-
cent location from Sungsanpo, its comparison

showed the highest ¢ value. As the total weight
of sea urchin is very related with the gonad

maturation, this feature can be explained by
the gonad index variation by area. Thus, it is
possible to suppose that sea urchins in August
and

at Dolsan are just before the spawning,

conversely, those at Sungsanpo have already fin-

ished it.

Spawning

For the purpose of estimating the spawning
season of sea urchin, gonad index method was
used for all individuals. During the study peri-
od, the variation of gonad index by sampling
month at Ilkwang is shown in Fig.7. It’s ten-
dance varied a little by year.

Gonad index from June to October was gen-
erally high. It decreased suddenly from Novem-
ber and increased continuously {from Feburuary.
that the

This seasonal variation indicates

spawning months of sea urchin at Illkwing are
from June to Octoher. Considering the coeffi-

cient of variation of gonad index values in

August, it was comparatively lower than that
of other months. Its low value means that ma-
turation degree of gonad among individuals is
less variable in August. Accordingly, it seems
that the major spawning of sea urchins at Ii-
kwang takes place in August.

To examine the maturation degree by bedy
size, all specimens devided into class intervals
which have been determined previously. Fig.8.
shows the variation of mean gonad index of

36—45 mm and 55—62 mm class intervals which
20

Gonad index %)
o
T

! L § i} i i H ] I 1 1 ! L

80 8l 82
Aug. Nov. Jun, Aug Scp. Oct. Dec, Feb. Apr. May Jun. Jul. Aug.
Menth

Fig.7. Variation of gonad index of Anthocidaris
crassispina from Ilkwang by month (1:95

9% limits, —:mean, number indicates the
coefficient of variation).
30 T T

,

Aug
Sep

S5 L858

’8I Junt

" '82Feh.
May
Jun.
Jul.
Aug

Fig.8, Variation of pnnnd index of Anthocidaris
crassispina by class intervals of diameter
and month (O~ : 55-62 mm, @--- @ 36-
45 mm, @—@ : 35 mm)).
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were considered as 3 and™ 5 years respectively
from June, 1981 to August, 1982. In addition,
the value of class intervals below 35 mm is also
shown from May, 1932 to August, 1982. With
the intention of compariilg more clearly between
small and large size animals, insufficient speci-
urchins of 46—54
mm were omitted in this figure.

mens over 63 mm and s2a

The result exposed the distinct difference
between small and large size group. The gonad
index of large size group was higher than that
of small one in June and August but it was
conversed in September and October. In other
words, while large individuals spawn mainly at
the beginning time of spawing season, the main
spawning of small ones takes place at latter pe-

the

reason of the existence of vague peak and mode

riod of spawning season. Consequently,

in frequency distribution analysis can be ex-~

plained by this spawning characteristic, . .
Since the gonad index varies with size of spe-
different
areas on gonad index was anayzed by class in-
tervals. Table 5 shows the results of 1980.The
mean diameters by class intervals in each area
higher
gonad index appeared at the larger class inter-

cimens, the comparison between the

were fairly equal. Except Sungsanpo,

vals. Refer to comparison by area the highest
gonad index occurred at Dolsan and the lowest
one at Sungsanpo. In spite of the similarity of

"mean diameter by class intervals between Il-

kwang and Dolsan, the gonad index of latter waé
much higher than that of former. It suggests
that the spawning season of sea urchins at Dol-
san will be a little earlier than that at Ilkwang.
The sea urchin below 36 mm had the very low

values of gonad index. Nineteen specimens
among 34 individuals in this size group at

Table 5. Gonad index of Anthocidaris crassispina from 5 areas in August 1980

Diameter Gonad index
Area : J
£ Class(rlz?tsrvals g;?r.\p(l)és 1(\/71”‘3’%1 I%;Z“ S.D C.V.(%) ﬁ%.e:?fnggﬁ?do
Ilkwang 35.9> 3 27.9 1.53 2.64 172.55 2
36.0—45.6 17 43.7 10.56 4.30 40.72
46.0—54.9 57 49.3 13.51 4.91 36.34
55.0—62.9 .24 58.6 16.09 7.47 46.43
‘ 63.0< 13 66.1 19.91 7.03 35.31
Jumunjin 35.9> 34 26.1 2.1 3.63 172. 86 19
36.0—45.9 6 39.0 6.71 8.28 123.40 i
46.0~—54.9 2 49.8 22.00 2.83 12. 86
55.0—62.9 0
63.0< 0
Dolsan 35.9> 0
36.0—45.9 24 43.2 21.38 6.98 32.65
46.0—54.9 75 49.8  24.93 5.20 20.86 1
" 55.0—62.9 23 58.0 28.05 10.78 38,43 1
63.0< 0
Eochungdo 35.9> . . 45 31.4 7.37 8.86 120. 22 5
36.0—45.9 85 40.0 8.55 9.42 110.18
46.0—54.9 3 49.3 10.49 5.71 54,43 1
§5.0—62.9 1 56.6 4.00 0 0
©63.0< 0 :
Sungsanpo 35.9> 0
36.0—45.9 39 38.1 4.48 3.80 84.82
46.0—54.9 55 50.6 3.98 3.12 78.39 1
55.0—62.9 29 58.6 3.69 2.07 56.10 1
63.0< 9 65.5 4.44 1.33 29.95
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Table 6. Gonad index of Anthocidaris crassispina from 4 areas in May-June 102

south one. Accordingly, the spawning at Eo-
chungdo and Jumunjin will be late. Consulting
that the lowest gonad index was shown at
Sungsanpo, the spawning of sea urchins in this
area seems to be already finished before the
month of August. Table 6 shows the results of
specimens in 1982, Same analyze as in 1980 was
" carried out for sea urchins collected in May-June
1982 from 4 arcas cxcept Jumunjin. Compa~
ring the results between two years, gonad index
at Ilkwang, Dolsan and Eochungdo in 1982 was
lower than that in 1980. However, Sungsanpo
showed contrary result. In other words gonad
index in May was higher than that in August.
This fact can conform previous estimate con-
cerning the spawning scason of sea urchins at

Sungsanpo.

-3

Diameter Gonad index
Area Class interval Mean Mean No. of d
o . gona
(mm) No. (mm) (%) S.D C.V.(%)  jndex nearly o
lkwang 35.9> 7 33.1 3.86 3.24 83.94 2
36.0—45.9 47 41.2 8.04 5.18 64,43
46.0—54.9 22 48.9 9.59 7.01 73.10 1
55.0—-62.9 2 58.0 7.00 2.83 40. 43
63.0< 0
Dolsan 35.9> 0
36.0—45.9 1 45.5 5 0 0
46.0—54.9 a8 51.3 10.48 4.12 39.31
55.0—62. 45 58.7 14.76 €.39 43.29
63.0< 66.9 18.11 7.06 38.98
Ecchungdo 35.9> 4 33.8 2.75 2.75 100.00 1
36.0--45.9 12 42.4 4.75 1.96 41.26
46.0—54.9 11 50.1 8.45 3.08 36.45
55.0—62.9 26 60.1 8.69 2.57 29.57
63.0< 43 68.3 10. 60 3.68 34.72
Sungsanpo 35.9> 0 0
36.0—45.92 70 43.3 5.16 2.57 49.81 2
46.0—54.9 55 49.1 5.65 3.13 55.40
55.0—62.9 11 57.3 6.27 1.90 30.30
63.0< 1 63.5 6.0 0 o
. Jumunjun contained gonad index nearly zero.
 From this fact, it is possible to estimate that sea Discussion
urchins begin to spawn from 2 years of age.
At a point of view geographical location gon~ In spite of intensive biological studies on
ad index in north area was lower than that in echinoids, the investigation on Anthocidaris

crassispina is very vare. Kakuda and Nakamura
(1974) have examined the growth of this species,
but their works were restricted to larval stage
in laboratory for the purpose of seedling pro-
duction. Thus, the result-of present study on the
growth of natural population is not compared
directly with others. In disregard of insufficient
of the

frequency distribution at Ilkwang have shown

sampling size, consecutive observations

fairly clear mode and peak. While it is difficult
to analyze the monthly growth rate by age
groups the annual growth rate and age can

be estimated. The largest specimen among 1,663
individuals used in this investigation was 80.25
mm in May 1982 at Eochungdo. Young sea
urchins below 30 mm and old ones over 70 mm
were very scarce during the sampling period.
of annual

However, consulting the changes

4 —
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growth rate by age ‘and the maximum size (84.
4mm) calculated by Walford plot, the computed
growth equation from 5 age groups in this re-

search is reasonable to represent the growth of

natural population.

According to Moore (1937), the sea urchin
Echinus esculentus reaches its largest size in
warmer waters of lower latitude. But, in this
study the largest one occurs at Eochungdo where
is located at higher: latitude. Temperature
induced differential growth of body parts may
lead to modification in body shape and in exter-
nally visible morphological characteristics
(Kinne, 1970). But, differential growth of body
parts Cheight/diameter) by area has not been

occurred in this investigation.

Concerning the proportion of spine to diame-
ter, it varied with age. Its maximum growth
- attained at 3 years of age. After this age, the
length of spine became little by little small
because of its breakage. Ebert (1968) indicated
that the weather component had broken spine.
According to Swan (1952), changes in the rate
of growth of mneighbouring spines might bhe
induced by the removal of spines. These two
authors have carried out wide investigations on
spine, but their studies were generally limited
The size of

regenerated one and spine growth by age were

to regeneration mechanism only.

not executed. It is well known that the growth
of echinoids varies with environmental condi-
tion. Many authors; Ebert (19656), Fuji (1967),
Ebert (1977), Mattison et o/ (1977) and Chap-
man and Liss (1981) have mentioned that food
availavility and density were important compo-
nents in determining growth rate, ultimate size

and movement of sea urchins.

In other respects, Fiji and Kawamura (1970)
have suggested in the study on Strongylocentrotus
inlermedius that the regional and seasonal varia-
tions of sea urchins within a given area varied
with age group and nature of bottom.

Taking into consideration these references, the
future study chould be accompanied with the

- sampling area the fact that

detail environmental investigation in order to
reveal the exact growth rate and age of this
species. Moreover, the tagging method or 'exa-
mination of natural growth line in plates of test
must be also considered for this purposes.

Mc Pherson (1965) indicated that the sexial
maturity did not occur suddenly at a fixed size
in urchin. Regardless of the same size of ani-
mel high varieties of gonad index were also
found in present study. However, consulting
the . general gonad index by size, it seems that
spawning takes place from 2 years of age.

According to Boolootian (1966), while ihe
reproductive processes of echinoderms show clear
relations to season,the role of temperature per
se still remains to be ascertained. The result
of present study shows the distinct seasonal
variation of gonad index. Since the influence
of temperature on spawning by animal size was
not examined in this research, it was not pos-
sible to analyze more detail on this factor.
However, comparing the gonad maturations by
from

sea wurchins

higher latitude have lower gonad index values

Jindicates that the temperature affects the spawn-

ing obviously.
In addition, the optimum water temperature

for spawning will be different by area. Giving

‘cosideration to the distribution of surface water

temperature (Table 7) and gonad index in 5
1980 and May-June

1982, it seems that the spawning by area will

sampling areas in August

take place in order of Sungsanpo, Dolsan, Il-
kwang, Eochungdo and Jumunjin,

Before comparing the gonad index between
small and large sea urchins, the propotion
of test height to test diameter by age was
examined to know whether different internal
volume available for gonad growth by age ex-
ists or not. The result in table 3 does not show
any statistical significance. This fact indicates
that the
growth increases isometrically with size. Fuji
(1967) and Gonor (1972) have also obtained

the same result as this.

internal volume available for gonad
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Table 7. Montly variation of surface water temperature (°C) at 5 sampling stations during

the study period

Area
Month
Ilkwang Sungsanpo Jumunjin Dolsan Eochungdo

Aug. 1980 22.42 23.82 20.90 21.52 24.76
Nov. 15.05 19.16 13.70 14.52 12.28
Jan. 1981 9.24 13.86 3.75 4.15 5.27
Feb. 9.53 13.27 3.18 4,97 3.33
Mar. 10.76 13.69 3.60 7.48 3.76
Apr. 12.72 14.11 6.53 12.30 5.73
May 14.65 15.29 9.06 15.73 9.46
June 16. 56 17.70 13.38 19.26 14.30
Jul. 20.39 21,66 19.90 21.64 20.20
Aug. 24.13 24.05 21.44 23.93 22.50
Sep. 22.04 21.96 19.52 22.95 19.90
QOct. 18.49 21.29 17.23 19.05 17.09
Nov. 14.81 18.27 12.64 12.97 12.00
Dec. 12.28 16.55 10.11 8.26 8.50
Jan. 1982 11.08 14.74 8.06 6.16 5.58
Feb. 10.72 14.25 6.66 5.32 3.87
Mar. 11.83 14,60 8.13 9.30 4.85
Apr. 13.54 14,67 10.35 13.28 6.55
May 15.72 16.71 12.16 16.85 10.29
June 19.13 20.02 17.60 20. 56 15.64
Jul. 21.00 21.18 21.60 23.67 20.48
Aug. 23.34 23.30 21.95 24.57 22.31

Source of data: Annual report of oceanographic observation, vol. 30, Fisheries Reszarch

and Development Agency (in press).

On the relationship between gonad size and
bedy size of sea urchins Moore ef al (1963),
Fuji (1967) and Ebert (1968) have found the
positive result with Lytechinus variegatus, Tri-
preustes ventricosus and Strongylocentrotus spp. But
they did not examine directly the effect of size
upon gonad index values. The study on Stron-
gylocentrotus purpuratuts has been made on this
effect by Gonor (1972). He has found that the
gonad index increased rapidly relative to body

‘ size until the animals are about 50 mm in dia-
meter and conversely, decreased slightly for in-
dividuals over this size. However, the result of
Anthocidaris crassispina in this study shows that
larger individuals have higher gonad index val-
ues. The clear difference of gonad index be-
tween small and large size animals indicates the
different spawning season by size. Spawning of
large sea urchin takes place earlier than that

of amall one.

Kinne (1970) has reported that gonad growth
of most marine invertebrates appears to depend
primarily on nutrient supply, temperature and
photoperiod. In the other hand, Boolootian
(1963) has demonstrated the interactions of tem-
perature and light in regard to gamete growth
and maturation in the Strongylocentrotus purpura-
tus. Consequently, even though the result of
this investigation should be conformed by the
precise analyze of such environmental factor,
it is possible to estimate that the obtained vague
mode and peak from analyze of frequency dis-
tribution were caused by this fact of different
spawning season by animal size.

In other respects, the mean diameters of sea
1981 and 1982
This

difference (9.7 mm) of mean diameter hetween

urchins collected at llkwang in
were,54.17 and 45.0 mm, respectively.
two years is moderately high., In order to re-

veal the reason of this gap, more detail ecologi~

c= 3506 —-
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cal study, such as seasonal movement or food
availability, should be accompanied. However,
considering the total catch amounts of sea ur-
chins in Kyung Nam region in 1980 and 1981

1981,
in 1981
(1,718 M/T) augmented very rapidly comparing
with those in 1980 (947 M/T). Thus, the ap-
pearance of smaller individual at Ilkwang in 1982
1981. In

order to maintain the stable stock structure of

(Ministry of Agriculture and Fisheries,

1082 (in press), the total productions

seems be explained by overfishing in

this species, the fishing effort in detail must be
also investigated seriously in future study.
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