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Conservation of the Sea Urchin, Strongylocentrotus nudus,
on the Coast of Urakawa, Hokkaido.

Kazuhiro KAWAMURA

»

The author carried out ecological studies on the living environment, growth, distribution, gonad
development and food conditions of the sea urchin, Strongylocentrotus nudus, on the coast of
Urakawa. He discussed the methods of their conservation on the basis of the results obtained.

The specimens were collected by diving from 4 m? areas at 126 places in May, 1965. The
results are as follows ¢

1) The habitats of the sea urchins are rocky or stony bottoms, and are separated into seven
localities : Sanbetsu, Shiroizumi, Tsukisappu, Urakawa, tkantai, Toe, and Ogifushi by sandy zone,
The production of seaweed is different in these localities. They are best in Toe, somewhat good
in Shiroizumi, lkuntai and Ogifushi, but bud in other localities,

21 In Toe, the ages of the sea urchin are represented '\)y the diameter as follows :

one year and 8 months oo 3.21 em

2 years and 8 months-«oo e 4.18 + 0.31 em
3 years and 8 months-eoeeneeenes 5.18 4+ 0.28 cm
4 years and 8 monthseoe o, 6.11 & 0.27 cm
5 years and B months: o 6.94 + 0.35 cm
6 years and 8 months:-ooreneee 7.55 + 0.21 em

3 In all localities, specimens having a test diameter of 6 cm or so are most abundant, and
the larger or smaller the diameter becomes, the fewer the number. In adult urchins, there are

same differences of their habitats according to their size group. There is a tendency for 4 and 5

@

years old sca urchins to crowd together in special places, but the older sea urchins (llbperbe The
density of the sea urchins is varied with the locality and collection point.

4) Gonad development is the best in Toe, somewhat good in Shiroizumi, Tkantai and Ogifushi,
but bad in other localities.  The growth stage of the gonads is generally a “Growing stage” in
both the female and male,

5) The amount of seaweed found in the gut is closely related to the habitat.  Of the sea
urchins having a gonad index larger than 1.0, the rates are more than 8095, There is no clear
relation between the foad conditions and distribution of sea urchins,

v The avthor discussed the fishing season, the fishing grounds, transplantation, and other

prablems relaed to the methods of conservation of these resources.
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Strorn~vlocertrotus nudus and Stironyvlocentrcius intermedius are

the centre of lokkzido sea urchin fishery.

(%]

ocn 3. nudu

teen TMuji's

process, of

The stote of ecclogical siudies

ic behind that of 8. intermedius. Up to now trere have orly

m——

(1940 &, b, ¢) clarification of the reproductive cell formation

the biological minimal shape and of the yearly cycle of gonad

development; and the author's report (1966) on the effects of transplanta-
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tion. The author's report (1964, b) on sea urchins at Toe in Urakawa~-cho
was the first of its kind relating to ecology in fishing grounds.

The author in Msy of 1964 carried out fishing ground research on
S. nudus in Toe. Having investigated the size, distribution, food conditions,
and gonad development conditions, the author reported on methods of fishery
resource management, including his own evaluation of resource conditions.
From the results of this repoft a further investigation was plaunned for
1965, because the recovery of resources at Toe were insufficient, ard
because there appeared to be an instability in the conditions of stock
repleniskment. Later, in 1965 the investigation plan was enlarged, and. it
was decided to carry out a fishing ground investigation including the entire
Uraitawe~cho coast, as a joint undertsking of Urakawa-cho, the Urakawa
Tishermen's Cooperative Association and the Cgifushi Fishermen's Cocperative
Lssociation. The purpose of this investigation was to obtain the basic
information necessary for joint management of S. nudus fisheries under the
guidance of the cooperative associations. The investigation was carried
out tetween the 12%h and 25th of lay, 1965. Here is the report on ihe
ihformntion obtained from this inwvestigation.

The report contains a summary of fishing grounds ond fisheries;

livirg environment; age ond cize of sea urchins; distribution; cortents cf




digestive tract; gonad development conditions; and methods cf fiéhery‘
resource managerent.

Zefore entering the text of the report, I wish first bf ali to
express my appreciation to Urakawa-cho, to the Urskawa Fishermén's Cooper~
ative Association, and to the Ogifushi Fishermen's Cooperative Association
whick provided the opportunity for this investigation, and to Mr. CXC
Katsuyoshi, Urakawa-cho Fisherieé techniques extension member, toer.

UYETSU Hideo, diver, to Skipper HIDA Ryukichi, to Mr. NOUSHI Choji, engineer
énd rigger, who all gave me their cooperation from beginning to end in the
investigation. And also to the local association employees, fdgether with all

the association members, I express my gratitude.

Summary of fishing grounds and fisheries.
3 U 'Y

Urekawa—-cho is located on the Hideka coast or the Pacific Ocean
side of Lokkaido. The Urakawe-cho coast alternates between sandy and rocky
or stony zones. The rocky or stony zones are at the same time fishing

egrounds for Laminaria angustata Kjellman (mitsuiski konbu) and the habitat

of sea urchins, inhabited by S£. nudus and S. intermedius. The rocky or
story zones going from east to west in Sanbetsu, Shiroizumi, Tsukiszppu,
Urakawa and Ikartai districts are within the jurisdiction of the Urekawa
Fishermen's Cooperative Association; and the Toe arnd Ogifushi districts
are within the jurisdiction of the Ogifushi Mishermen's Cooperative
Asscciation (Fig. 1).

The beginning of 5. nudus fishery at Urakawa-cho is comparatively
recent. Zased cn the Cooperative records and on inquiries, in 1938 there

was harvesting by divers at Shiroizumij; this appears to be the first. After
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The map of coastat line in Urakawa. Showing each place where
sea urchins were sampled.
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that, businessmen paid concession money to the Cooperatives arnd carried
cn operations, or the district kelp association became the nucleus of
business and carried on operations. Due to the low degree of transparercy

of the sea on the Urakawa Coast, S. nudus harvesting is done by diving.

The years of operation in each district are: Sanbetsu and Shiraizumi,
1958, 1959, 1961, 1963, 1965; Tsukisappu and Urakawa, 1959, 1961, 1964; Ikantai,
1962, 1963; Toe, 1960, 1961;.and Ogifushi 1960, 1962. 1In 1965 operations

were carried out in Sanbetsu and Shiroizumi only.

Although accurate records on the catch are often unobtainable,
there seems to be in Sanbetsu and Shiroizumi districts an annual catch at
the 20 - 30 ton 1eve1‘(weight including shells). In 1963 there were arcund
15 tons caught at Ikantai. Based on records of the Ogifushi Fishermen's

Cooperative Association, there were 167 tons caught at Toe during 9 months

in 1960 - 1961, and there were 39 tons caught at Ogifushi in 1962.

At Ikantai and Toe small scale harvesting of chiefly S. intermedius p.9
is carried out in very shalloﬁ.sea?urdip net harvesting or dofsukif Dip
net harvesting is carried out as a ﬁusiness, but dotsuki harvesting is
carried out at low tide by fishermen's wives as a part time job. Toth

secm to be sources of substantial income.

- ) .
Translator's note: Gathering by waders using underwater observation glass.
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Materials and method.

Present fishery areas and mejor habitats were roughly mapped out

and divided into 200 m x 200 m sampling stations. The number of invesiiga—~

tion sites is as follows: Sanbetsu 12, Shiroizumi 23, Tsukisappu T, S
Urakawa 7, Ikantai 23, Toe 19, Ogifushi 35; a total of 126 (Figures 2 a, b, ;
4
C) - i:
Fi 2 ;
igure 2. . i
gure $.9 :
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i
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! The details of sampling stations at Sanbetsu, Shirolzumi and Tsukisappu ’
‘l respectively.
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The details of sampling stations at Urakawa and Ikantai respectively.
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‘ The details of sampling stations at Toe and Ogifushi respectively. o
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At each sampling station, collection was carried out by divers,
after 2 m x 2 m frames had been positioned in areas which ﬁefe thought to
have the highest density of distribution. The adoption ofAthis investigatory

method was based on the following considerations:

a) ‘As there were many sampling stations, the collection time in each

" of the districts had to be as.short as possible because of the large number

of Speciméns to be collected. With this method many samples. could be col-
lected in a short time. |

b) If a fixed condition (in this case high density areas)'is decided
upon for the sampling method, it becomes comparatively eas& toljudge the
yearly change in distribution conditions (The same me?hod was used at Toe P
last year). | |

c) Wherever pﬁssible an inyestiga%ion method should be establiéhéd
which accurately refleéts the distribution_and_actual living conditions of
sea urchins. However, with the present lack of information, time to study

other methods was limited in this investigation.
L In locations that were dived, observation of seaweeds growing and
cbllection of seaweeds within the frames (including floating seaweeds which
had sunk to the sea bottom) were carried out. |
The shell diameter and weight of each of S. nudus collected were
ﬁeasured. The weight of the gonads was meaéured and the maturity was deter—

mined in 10 sea urchins from each of the sampling stations. - For -classification

of maturity, the method of Fuji'(1960, a) was followed. The contents of the

;gut were observed with the naked eye and were divided into seaweed, sand, etc.

Coefficients for the inclusion of seaweed were divided into 11 degrees with

0 for absolutely no inclusion and-10 for cases with seaweeds only. These

10
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were recorded. Using the method of MHoore (1935) on 98 S. nudus from Toe,
the relationship between age and size was studied from the number of pig-
mented rings on the genital plate. From hereon "sea urchin" means in all

cases Strongylocentrotus nudus.

Results and discussion

1. Habitat

The depths of the waters investigated in all the districis range
from about 3 to 10 m. With the exception of Toe, depths of 10 m are often
reached in off-shore areas within 1000 m (Figure 2 a, b, ¢). Vhile in all
localities bottoms were rocky or stony, some areas close to béaches are rocky
covered with sand. Generally in rocky areas there are reefs close to the
shore that appear at ebb tide. These areas are: frequently inhabited by young
S. intermedius. In depths deeper than 5 m the rocky areas become very uneven,
and areas with the so-called peeks are numerous. In Toe, as the 1964 inves~
tigation took place at high tide and that of 1965 at low tide, the depths

at each sampling site for 1965 are shallower than those for 1964.

Table 1 shows seaweed, including floating seaweeds, growing at

cach sampling station and its vicinity. Generally seaweed is scarce at

Sanbetsu; at st. 6 (depth 4.5 m) one variety of Endarachne Binghamize J.

Agardh (habanori), and at st. 10 (depth 10.5 m) Desmarcstia ligulata

Lamouroux (urushigusa) only were observed. Although there are areas where p.
kelp is growing at Shiroizumi, these growing areas are limited to parﬁ of

the fishing grounds. Noreover, because kelp are often growing only on

fhe upper portions of peaks, locations within the éea urchin sampling areas

there kelp was sampled did not surpass fouk in number. At Tsukisappu,

12
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Table 1. The seaweeds found in each sampling siztion. ».10
x floating zeaweeds
district [sampling] seaweeds within sampling seaweeCs in vicinity of
station frames sampling stations
Sanbetsu 6 a variety of Endarachne a varieiy of Ircarachre
Binghamine J. Agardh ihabanori) 3ingharmine J. Azzrdh
Z habanori )
-1 10 Desmarestia ligulata Desmaresztia lisulata
Lamouroux (urushigusa) Lamourcux (urusiigusa)
3 Laminaria ansusizta :
Kjellmen (mitsuishikontu)
on the %fop of hizh reefls
4 x Laminaria angsustata
Kjellman (mitsuishikonbu)
5 ‘Laminaria angfusizta
Kjellmzn on the wop of
high re=fs ’
T same as atove
L. . same as abtove
Shiroizumi 9 :
11 Laminaria angsustata Laminaria anzusizta
Kjellman Kjellmex
13 x "aname" same as akove
14 x Laminaria anzustata same as atove
Kjellman A
- 22 "oobackitsubaral "oobaokitsukara™
1 "aname" "aname"
2 "anzme" on the icp of
high resfs
Tsukisappw 3 same as akove
6 same as atove
T same as atove
: .11
Urakawa 1 x "aname" "aname" ' ol
2 x "aname", "numehanori', "aname" on the top of
x Phyllospadix iwatersis Makino high reefs
( sugamo)

nf
i
;
%
:
;
i
)




seaweeds in vicinity of

district|sampling| seaweeds within sampling _
station frames sampling stations
Urakawa 3 x Laminaria ansusiata
(cont'd) K jellman, "aname',
x Sargagsunm fulvellum
(hondawara)
6 x Sargassum fulvellum . .
— — ! Laminaria an;ustata
x Ulva pertuse Kjellman - -
Kjellman and Sargassum
(anaaosa) e
: fulvellum on the top of
high reefs
1 x Laminaria angustata Kjellman | Lamiraria angustata
Kjellman on the top of
high reefs
3 "oobaokitsubara" "oobaokitsubara"
same as above . same as above
T Laminaria angustata Kjellman | Laminaria angustata
Kjellman .
Tkantai 9 same as above same as above
10 same as above same as above
11 "oobackitsubara" "oobackitsubara!
19 : "aname" on the top of:
high reefs
20 Laminaria angustata Kjellman |Laminaria angustata
K jellman
2 x "nokogirihiba",
x Coelarthrrum muelleri
(darush), = °
x Costaria costata Saunders
(sujime),
x Phyllospadix iwatensis Makino
(sugamo)
3 x Laminaria ancustata Kjellman,
Toe: x Coelarthrrum muelleri,
oe x Phyllospadix iwatensis Makino
x "nokogirihiba™
4 "oobaokitsubaral "oobaockitsubara"
5. x Lamirnaria angustata Kjellman |Lamineria angustata

Kjellman of the top of

high reefs

p.l1
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district |sampling| seaweeds within sampling seaweeds in vicinity of p.11
station frames sampling stations
Toe
(conttd) 6 x Laminaria ansustata Kjellman,
¥ Coclarthrrum muelleri ’ same as above
T x Ulve pertusa Kjellman,
|x Alaria crassifolia Kjellman,
x "soso",
x Laminaria angustata Kjellman,
x Phyllospadix iwatensis Makino
8 x Alaria crassifolia Kjellman ["oobaockitsubara" ‘
10 x Leminaria ansustata Kjellman,| Lamineria angustata ;
x Alaria crassifolia Kjellman, | Kjellmen, Sargassum !
x Ulva pertusa Kjellman, fulvellum ]
- x Phyllospadix iwatensis Makino: %
i
11 x Laminaria angustata Kjellman,
X "nokogirihiba',
x Phyllospadix iwatensis Makino
13 x Alaria crassifolia Kjellman, | Laminaria angustata
x Costaria ccstata Saunders, Kjellman, Sarfassum
x "nokogirihiba", fulvellum
x Laminaria angustata Kjellman,
x Phyllospadix iwatensis Makino
15 Laminaria angustata
- ) K jellman
16 x Laminaria angustata Kjellmen,
x "nokogirihiba" same as above
17 _ ' same as above
18 i same as above
19 : : same as above
1 Laminaria angustata
. Kjellman on the top of
Ogifushi high reefs
3 ' Laminaria .ancustata
Kjellman
11 Laninaria angustata

Kjellman on the top of
high reefs
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district| sampling| seaweeds withkin sampling seaweeds in vicinity of
station frames sampling stations
Ogifushi 15 x Laminaria ancustata Xjellman
(conttd)
24 x leminaria angustata Xjellman Lanmirzria angsustate
Kjellman
25 "oobackitsubara" "oobeokitsubarat
26 Lamirzrie ansustata.
Kjeliman on tze top of .
high reefs
27 "oobaokitsubara" "oobzokitsubaral
30 Lamirzrie ancistatz
Kjellman on ize top of
high reefs
32 Lamiraria ansustata
Kjeliman
33 x Laminaria angustata Kjellman Lamiraria snz:statz

Kjeliman on <ze top of
high reefs
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_there is a lot of "aname", and it grev almost entirely on the top of peaks.
There are places in Urzkawa where there are several varietiés‘of‘flqating
seaveeds. These are thqught to originate from the'bfeakwater of Urzkawa
Bay and nearby shallow rocky areas where many'seaweeds are groﬁinm. In
Ikantai there are areas at sts. 7, 9, and 10 (depths 4.0-4.5 m) where kelp
is very abundant; and at sts. 3, 4 (depths 3.0-4.0 m) "oobaosatsubara" is
growing. There are small numberé of seaweeds at other stations. At the
majority of the sampling stations in Toe either kelp and othe; seaweeds
are growing or there are floating seaweeds. Seaweed is most abundant in
Urakawa—cho. Even when compared with the pre&ious year, conditions were
good. Growing grounds of kelp in Ogifushi showed the same tendencies as
those of Shiroizumi; and there were onl& a few places among the sampling
stations where kelp copld be collected (the depthé at all locations: 4.0~

4.5 m). Further, "oobaokitsubara" was growing at sts. 25, 7.

Table 2. . )
i - ® 2R Ay =2 v F o e L )
% The annual variations of the yield of Laminaria Angustata in Urakawa. (k)
N\district|Sanbetsu | Tsukisappu| Ikentai |' Toe Ogifushi
- . S . . - . o
| year hiroizumi| Urakawa _ _ ‘
1961 150,299 775,210 301,882 70.770 | 102,330
1962 - 143,689 76,860 95,733 17.490 55,470
i 1963 |- 116,668 39,360 211,081 57,600 79,920
© 1 1964 90,435 46,370 95,149 5,990 19,050
11965 64,756 34,492 223,390 59,760 , - 16L460

Table 2 shows amounts of kelp produced for the past 5 years in
each district. The annual variations in yield in each of the disiricts were
great. Yield also showed variations dependent on the district. In 1965

the yields in Shiroizumi and Urakawa were the lowest in the past 5 years,

SNV




64,756 kg and 34,492 kg respectively; in Ikantai and Toe they were the
second largest, 223,390 kg and 59,760 kg respectively; and in Ogifushi they
were the greatest, 161,460 kg. It is thought that such variations in pro-
duction of kelp reflect to a certain degree variations in the growth amount
of kelp. It is conjectured that there is as well a considerable yearly
variation in growth amounts of seaweeds (including floating seaweeds) in
each district.

The varieties of bottom animals collected together with S. nudus

are as follows: one variety of Coelenterata; omne variety of Crustaces (crab);

Cryptochiton stelleri Middendorff(oobanhizaragai); one variety of mollusk;

hard shell mussel (one variety was probably Stavelia subdisorté Récley

(ezoigai)); sea cucumber and starfish (chiefly Asterina pectinifera Muller

et Troschel (itomakihitode)) more than two varieties; and S. intermedius.
These were all few in number with the exceptions of hard shell mussels and
S. intermedius. Hard shell mussels were found only in sts. 3, 5 in Ogifushi.

S. intermedius is growing in each sector and tends %o be abundant in water

depths 5-6 m and shallower. Depending on the location, there were cases of
more than 100 S. intermedius in 4 m2. Within the range of depths investigated,
there were many sea urchins with large shell diameters of 5.0-7.0 cm. Gonad
development, however, was very poor. Furthermore, the author (1964, a)
observed reddish black sﬁots on the gonads which had been reported on S.
intermedius in Funadomari. Their state is such as to be almost valueless

as finished goods.

2. Age and size of sea urchins

The author (in an unpublished report) has observed in S. nudus as

well the pigmented rings visible on the genital plate that were first
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discovered by Moore (1935) in Echinus esculentus. The use of these as

annual rings has probably been made indisputable by the research 6n sea
urchins from Yoichi. The author plans to report on the formative process
of these pigmented rings on another occasion.

The ring count was two or more for sea urchins from Toe with sheli
diameters ranging from 2.81 to 8.62 cm. One-year-old sea urchins were not
collected. The ages shown in Table 3 are based on the number of rings.

At one full year, with the development period in October (based on research
by Fuji (1960,¢)), 2 years become 1 year 8 months, and 3 years become 2
years 8 monthsi The average size for each year is as follows: 2nd year,
3.21 cm; 3rd year, 4.18 cmj 4th year, 5.18 cm; S5th year, 6.11-cm; 6th year,
6.94 cm; Tth year, T.55 cm (Table 3). The number of rings were difficult

to decipher in the 8th year and over.

L R

-

Table 3 . B e e i R et I
[ 3R URFraTHEV2OYRLkES
‘3 The size of each age group of Strongylocentrotus nudus in Toe.
Age Numbers | Shell diam. Sheyy dian. Weight (g) |
2 3 ~ 2.81 ~ 3.53 3.21 14 '
5 3 8 3.49 ~ 4.65 4.18 % 0.31 3Lk 6
! 4 14 4.72 ~ 5.50 5.18 £ 0.28 57 £ 10
f 5 29 5.63 ~ 6.60 6.11 & 0.27 97 + 14
. 6 25 6.40 ~ 7.41 6.94 + 0.35 M3 2
L 7 12 © 7.30 ~ 7.87 7.55 £ 0.21 186 & 20
i 8Lk 7 8.05 ~ 8.62 — —

‘

i
i
1

-~ [RES R — — C o = bt v o - ~ep s

Between the 2nd and 5th years growth is roughly 1 cm each yéar,
and slows down after the 6th year. However, it may be questioned whether

these age figures are representative of the age groups, given the fact that

in the investigation there were only a few sample sea urchins in their 2nd

and 3rd years. Dach of the habitats of sea drchins within the jurisdiction

p.13
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of Urakawa-cho is independent of the otheré, and as the living conditions
-are different, it can naturally be presumed that growth too will be differ-
ent.. It is, therefore, unreasonable.to make these figures representative

of the relationships between agé and size of all the sea urchins in Urakawa-
cho. However, given the lack of other data, this time sea urchins were
divided into groups with shell diameters of 2.80-3.59 cm, 3.60-4.59 cm,
4.60-5.59 cm, 5.60-6.59 cm, 6.60-7.29 cm, 7.30-7.79 cm, and 7.80 cm and
over; and were dealt with as representative of a measure of age. The
division of the groups also closely resembles the change in the mode of

shell size~-frequency distribution in last year's Toe sea urchins. p.14

Table 4.

$ 4 ® AEFIR, MEEDS

" The percenlage of number in each size—group (%)
hell diameter (Cm TSt - = it T

“zmiz 00~3.49, '3 50~4. 59|4 60~5. 59*5 60~6. 59}6 60~7.29]7. 30~7 79, 7 80 or more

Sanbetsu | 3.0 8.2 17.0 39.6 19.0 8.0 | 5.2

TShitoizumi_ i 0.5 5.4 10.3 42.5 26.6 123 | 21

f’T?s“ﬁIr;i‘sefp‘puif ] 2.8 2.8 9.8 50.8 19.8 12.6 1.4

 Urekawa 0 5.8 11.4 22.6 26.8 15.6 17.4

_Ikantai 1.8 5.4 22.9 33.3 ‘ 17.4 10.3 8.2

Toe 1.3 | 3.7 10.8 35.5 28.1 12.6 ' 8.0

“Ogifushi 1.0 5.4 19.0 2.7 1 19.2 84 ¢ 4.3

Toe 1964 14 I 4.4 20.2 12.8 I 17.8 ' 8.6 | 4.8

- KE XM, JONE R

The percenmge of weight in each size-group. (%)
‘s\ell diameter (cm) : : - e
distric ’2. 00~3.49 | 3.50~4.50 4.60~s.59! 5.60~6.59| 6.60~7.29]7.30~7.79! 7.80 or more
———— - . 1 . .. =
Sanbetsu 1 os i 2.3 10.2 36.9 25.6 139 ' 10,6
Shiroizumi 0.1 | 1.6 6.0 35.5 A 19 |
Psukisapou ) 0.4 i 0.7 5.6 46.1 245 | 19.3 3.4
Urakawa 0 l 1.2 - 5.3 14.9 28.5 19.7 | 30.4
Trantai i 0.2 | 2.1 12.9 29.7 21.9 16.5 | 16.8
Too : 0.3 | 1.2 3.1 27.9 33.4 18.7 ¢ 15.2
Ot Fashi 0.0 ! 1.4 10.6 8.5 | 25.0 1.5 |o10.0
Toe 1967 0.2 | 1.5 n7 39 23.5 138 ' 102




The average weights for each age are: 2rd year, 14 g; 3rd year,

31 g; 4th year, 57 g; Sth year, 97 g; 6th year, 143 g; Tth year, 18€ g.

Figure 3.

vt gee i v AL 12 Armke 8% ST RATIRIE £2 f oAt s e e e e

. 1
oy :
Sanbetsu
il , {
ye . .
. l'l h'l ) 257
Shiroizumi
H » Val

- N W oa o o

-N W e oe
[P — e e

Lo

;] , . - + . . . -
o o] }OK
' t ] Tsukisappu
. t )
o
§ 4
X 3 . .
‘i ; |
;= MW VA
S B 1) 12
; v !} Urakawa i
s
1 |
2 : ‘ lfxi
Y il

=
P
B
5
ju
pede

=4

é

J ?
‘.

L=

b g

~

- ~ ‘: -~ “w
3 g}}
o &
)
D
g
Fe S
o

(%

oX
03 > ]
g
r @
=
'-J‘
; g
oo

MAL

1 ) : $ ¢ !
#it(em) Shell diameter

W3R 5T IR HLIR é

;
) The local variations of the size-frequency distributions

] L]



17

Percentages of growth during the year become: 2nd to 3rd year, 121%;.3rd
to 4th year, 84%; 4th to Sth year, 7073 S5th to 6th year, 4%%; 6th to Tth

year, 30%.

3. Size and distribution of sea urchins.

(1) Sea urchin size, sample numbers, and weight ratios.

The shell size~frequency variations for each district are shown in
Figure 3, and the percentages of ﬁumbers in each size-group énd of weight
in each size group are shown in Tables 4 and 5 respectively. In each
district the mode centres on X 6 cm shell diameter. The smal}er they get
and also the larger they get, the smaller [the percentage] becomes. This
tendency is the same as last year's results in Toe. Looking at the percent-
ages of sample numbers in each size group, with the exception of Urakawa,
sea urchins in the 5.60-6.59 cm group are,; at 30-50%, the largest in number
in 21l districts. In Urskawa the 6.60-7.29 cm group at 26.8% was the
largest and on the whéle when compared with other districts Urakawa had
the highest ratio of large sea urchins. Thé 4.60-5.59 cm shell diameter
group is present in each district in the 10-20{ range, but is large in
Ikantai and Ogifushi. Sea urchins with shell diameters of iess than 4.6OA
cm were less than 10% in ail districts. The percentage of weight tends to
be naturally slightly larger than percentage 6f number. |
(2) Individual distributions of the sea urchins smaller than 5 cm.

As~shown in Figures 4a, b, ¢, in most cases the individual distri-
bution of diameters smaller than 5 cm in each district was less than 10 sea
urchins in each 4 m2. However, in Ikantai and Ogifushi there were three
locations where more than 10 sea urchinsAwere found. The locations where

many sea urchins appeared had dépths of 7-10 m.

p.16
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Figure 4.
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(3) Distribution of average shell diameter of sea urchins larger than 5 cm.
Figures 5 a, b, ¢ show the distributions of average shell diameters

of sea urchins over 5 cm at each sampling station. In the central part of

Sanbetsu and Tsukisappu where the fishing grounds are small there were

locations with sea urchins -at the 5 cm diameter level. Going towards the

P .

periphery a tendency to gradually become larger was observed. In Shiroizumi,

P —
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Ikantéi and Ogifushikdistribution belts of comparatively small-sized sea
urching and of large-sized sea urchins were observed alternatively aleng
the coast line. Tée shows a mixed type of the above mentioned two tyves.
Comparatively small-sized sea urchins were found at both the east and west
ends of the Toe coast, in the northwest part of Rebunbira reef and in the
Ikantai area. Large sized sea urchins were found in the belt between
Rebunbira reef and the Toe coast. They were also found extending over
from the east side to the south side of Rebunbira reef. While

this distribution in Toe is basically the same as that of last

*Translator's note: The English captions for Fig. 5b and Fig. S5c have apparently

been switched in the text. A :
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year's investigation, sea urchins have generally become larger.
(4) 1Individual distributions of sea urchins larger than 5 cm in diemeter

in each 4 m2

Figures 6 a, b, ¢ show the individual distributions of sea urchins i

square.

. : 2
larger than 5 cm in diameter in each 4 m square.

Figure 6.

Although at one place in Sanbetsu's st. 4 (depth 4.5 m) there were

~

33 sea urchins, on the whole in other locations they were sarce with + 10

sea urchins.
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while at st. 6 (depth 4.5 m) only sea urchins with diameters of less than
5 cm were collected.

In Shiroizumi locétions having 10-20 sea urchins were found in a
long, narrow strip; with the exception of st. 11 (depth 2.5 m) the nurzer
Aof sea urchins was small on the shore side. At sts. 4, 16 no sea urchkins
were collected. Generally it was found that as sizes tended to be small where
" sea urchins were numerous.

| In Tsukisappu, sts. 4, 6, 7 (depths 5.0-10.0 m) had distributions

of - 10-20 sea urchins; yet other stations had‘only small numbers.

In Urakawa, 2t sts. 5 and T (depths 9.0-4.0 mf, 15 and 17 sea
urchins were observed respectively; yet generally numbers were small,

in Ikantai there were areas iﬁ the central ?art (deptis 4.0-5.5 m)
whefe there were very large numbers (30-40) of sea urchins; these sea urchins
were large as well. In the eastern end (depths 3.0-3.5 m) there were spots
where around 20 sez urchins were found, but the sea urchins were small in
size. In areas touching on the Toe district (depths 5.G-7.5 m) distridbution
was from 10-30 sea urchins of small size.

In Toe 20-40 sea urchins were found in the vicinity of Rebuntira
reef (depths 2;5—6.0 m): There were also over 20 sea urchins =zt sts. 1, 4
and 5. In the cenfral area (depths 5.0-8.0 m) between Rebunbira reef and tre
Toe coast, locations with less than 10 sea urchins were frequeri. Vhile
the state of distribution of these shows roughly the same tendencies as
last year, there were many areas where, when compared to last year, there
was somewhat of an increase in the numbers of sea urchins. H Qever, there
were in the central area between Rebunbira reef and the Toe cozst some arcas

that even showed somewhat of a decrease. In Ogifushi, distribution was

*Translator's note: sic.
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large with 20-40 sea urchins in spots nea?éﬁoth the east (depthsi3.0—10 m)
and west (depths 4.0-4.5 m) ends of thé Cgifushi coast. Bﬁt:ip the central
part, with the exception of st. 20, it was small with less than 10 séa
urchins. |

In areas surrounding the sampling stations in each district there
are locations where sea urchips are numerous.. There is a strong possibility
that sea ﬁrchins may be found outside tﬁe sampling stations as well.
(5) Weight distributions of sea urchins larger than 5 cm in diameter in

each 4 m2 square.

Figure 7. 7
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Figures Ta, b, ¢ are shown weight.distributions for each 4 m2
square in each district. The weight distributions roughly conform. to the quan-
titative distributions, but there is some variatlon according to size |
of the sea urchin.

In Sanbetsu, while st. 1 had a weight of 2.1 kg and st. 4, one of -
4.4 kg, the heaviest in other stations was 1.6 kg, with most weights around
1.0 kg.

In Shiroizumi there were weights of over 3.0 kg in sts. 19, 20 on
the west side offshore. In the long narrow strip sea urchins weighing
1.0-2.4 kg were found in éome locations.

In Tsukisappu, the heaviest sea urchin was 2.2 kg found at st. 6. p.19

In Urekawa, sts. 5 and 7 had 1.8 kg and 2.7 kg respectively, but

" other stations were below 1.0 kg.

In Ikantal, tkere were spots in the central pait where sea urchins
with weights of 3.5-7.3 kg were very numerous. As for the other 1ocgtions, a
sea urchin weighiﬁg 2.8 kg was found in éne location on the east side, while
in only a few locations in the area bordering on Toe were found sea urchins
of 2.3-3.3 kg. In.the remaining areas sea urchins were-few in number.

In Toe, with the exception of the central part between the Toe
coast and Rebunbira reef, the standard was over 2.0 kg. It had more than
any other district and more than last year, too.

In Ogifushi, seaz urchins weighing over 2.0 kg were found in spots
g ? & 8 g

near the east and west ends of the coast. In the central area, however,

sea urchins on the whole weighed under 1.0 kg.




(6) Age distribution in Toe.
Skovm in Figures 8~21 are the individual distributiors for eack

4 m2 gsquare of each age group of sea urchins in Toe during the years 1954-

65. The ages are divided according to tﬁe diameter size groups mentiored

before. In both years not even one one-year-old sea urchin was collected.

Figures 8 aﬁé~9.

.3 as
e \. “:.‘\: W
Tkadtai Tkantai
0 500m ‘ g $0mi
EOE Am2 W0 24 = A KA (1964) FOM 4m2 MY 24y = MK (1965
+ The individual distribution of two years old The individual distribution of two years ¢ld
sea urchins in each 4m? square at Toe, in sea urchins in each 4 m? square at Toe, in

fo1oed. 1965.
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—- Two-year—-old sea urchins. In 1964, 6 sea urchins were observed on
the north side of Rebunbira reef (depth 5.5 m), but other than that only
one location had 1 two-year-old sea urchin (Fig. 8). In 1965, 1 to 2 ssa
urchins were observed on the south and west sides of Rebunbira reef (depths
2.5-6.0 m) (Figure 9).

Three-year-0ld sea urchins. In 1964 meny spots on the north side
of Rebunbira (depths 5.5-9.5 m) had 2 to 5 éea urchins. In otker locations
as well 1-2 sea urchins were found sporadically (Figure 10). In 1965 were
observed 2-4 sea urchins on the west side (depths 2.5-3.5 m)-axd é—3 sea

urchins on the south side (depths 5.0-6.0 m) of Rebunbira (Figure 11).

Lt

p.19
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Hardly any relatién between these and the two-year-old sea urchins in 11964
was seen. ‘

Four-year-old sea urchins. In 1964, sea ufchins were clustered
together in numbers of 10 to 24 in spots on tﬂe north (depth 4.5 m) and.
west (depths 5.5-9.5 m) sides of Rebunbira reef. On the west side (depth
4 m) of Toe Harbour as well 8 sea urching were observed; but there were
few on the east and south sides of Rebunbira reef (Figure 125. In 1965
on the west side of Rebunbira (depth 2.5 m), the west side of Toe Harbour
(éepth 3.0 m) and offshore from the east side of Toe Harbour (erth 3 m)
there were 10 or more sea urchins each. On the Ikantai side (dépthé 5-6 m)
some spots had 5-8 sea urchins (Figure 13). Like the previous year there
were few on the east and south sides of Rebunbira reef; and the patterns
of distribu{ion for the two years resemble each other.

However, compared to 1964, in 1965 there were fewer sea urchins
on Rebunbira's north side and more in the srea offshore from the east side
of Toe Harbour. While the comnection with the 1964 three~year—old sea
urchins is not too clear, there is a similar tendency towards large numbers
of sea urchin on the shore side of Rebunbira reef. However,-in numbers,
there seem 1o be more four-year—-old sea urchins.

Five-year-old sea urchins. In 1964 thére were spo{s with 10.or
more sea urchins each onlthe north (depthé 5.5-T7.0 m) and west (depths 4.5
9.5 m) sides of Rebunbira reef, on the west side of Toe Harbour (depth 5.0 m),

and on the southeast side of Rebunbira reef (depth 6.0 m). If the south-

p-20

east side of Rebunbira is excluded the distribution pattern resembles that p. 21

of the four-year-old sea urchins; the numbers and range, however, are more

and wider (Figure 14). In 1965,'too, 10 sea urchins or more each were

ot 1 et e v
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1964,

side (depths 3.0-5.5 m) end offshore arca on the west side (depth 3.0 m)

of Toe Harbour, and on the Ikantai side (depjh 5.0 m). While they show

Figures
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the same distribution tendencies as the four-year—old sea urchins, their

numbers have increased. Further, on the south side (depths £.0-6.0 m) of

Rebunbira reef, as well, nearly 10 sea urchins were observed {(Figure 15).

The distribution patterns for five~-year—old sea urchins for both years
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closely resemble each other. Sees urchins'oﬁ the north side of Réiunbira
reef, however, moved over to the shorcmside in 1965, and there are fewer
gea urchins oﬁ Rebunbirats southeast side. - Looking at :the dis%ri— p. 22
butions of 1964 four-yeaf~old sea urchins and 1965 five—year-oid sea urchins,
hardly any changes in locations having large numbers :are evidentg'but én the
whole five-year-old sea urchins inc;eased in numbers. Cn the east and
south sides of Rebunbira reef as well their numbers increased.

Six-year—old sea urchins. In 1964 only one location on the south-

cast part of Rebunbire reef (depth 6.0 m) had 10 or more sea urchins. In

all other areas 10 sea urchins or less were found. Howevér, there were cven

fewer sea urchins in the shallow areas on the north side ovagbunbira reef

and the Toe Coast (Figure 16). Comparatively, locations which had a high

density of five-year-old éea urchins have a lesser number of six~year—old

sea urchins. Distribution has become more even and a tendency for the number of sea

urchins to increase in somewhat deeper depths'is e?ident. In 1965, some

locations on the south side (depths 4.0—6.d.m) of Rebunbira reef had more
than 10 six-year—old sea urchins, but on the north side there were less than 10 (Fig;
17). Contrasted to 1964, sea urchins had increased on the south‘side of
Rebunbira reef. VWhen compared to the distribution of five-~year-olds in

1964, the same tendencies are evident. Looking at the relationship with
1964 five-year—old sea urchins, these 1965 éix~year—old sea urchins, too, ;

are lower in~density and more scattered. It was discerned that they tend

to decrease to the north and west of Rebunbira reef, and to increase

‘somewhat to the east and south of it, and in the central part between it

and the Toe Coast.

Seven—-year—old sea urchins, Although in 1964 there were no spots
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PFigures 18 and 19. - ' p.22
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(depths 3.0-8.5 m) of Rebunbire reef (Figure 18). In 1965 there were also
no locations with over 10 sea urchins. A tendency to be slightly more
numerous on the east and south sides (depths 3.5-5.5 m) of Rebunbira reef
was observed. Densities were lower than those of six—year—oid sea urchins
(Figure 19). The relatioﬁship is also the same as that with 1964 six-year—
qld sea urchins. ‘

Eight-year-old and older sea urchins. In 1964 sea urchins were
on the whole few in number, with 5 being the highest in any one spot.

Many spots had 1 or 2 sea ﬁrchins, but in nearly 2/3rds of the locations
there were n§ eight-year-o0ld sea urchins to be collected (Figure 20). 1In
areas where four-and five-year old sea urching were numerous there were
hardly any eight-year-olds observed aﬁ‘all. In 1965, while there were spots

with 9 and 6 sea urchins, on the whole the same tendencies as in 1964 were




evident (Figure 21). W¥hen both years are compared

sea urchins there is a decrease in numbers.

Pigure 20.
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- Tables 6 and 7. | . P23

% 6 2% 1'/}\1-301'}7519644 . 19654 DI bllﬁbl_'l ufkwx&}:ﬁ-.-
The annual variation of estimated mumber and weight of the sea urchin in each

age-group, within the upcnmental area in Toe.

: Comsagel L, 5. 4 | 8 or | Total
wwi T yearl 2 l g | i_,l__,s ___(f___! 7 ___!_ more ll

number | 1964 | 16,400 51,700 236, 300 502,000, 209,000 100, 00 6200 1. 172,300

~ num " | 1965 1 23,200 65,900 192,300, 632, 300 500,500 224.400 142,500 1,781,100

e | 1960 | 200 1, Jo0g 11, 6o 49.600 29, S zoo‘ 12, 700; 125,500

Weight‘ k. | 1965 7001 z.soe‘ 6, 700i 60,600 72, sool (40,600, 33,000, 216,700

f — . . .—

8 7 R 1964%4% 100 & LA 1965(FIC It B HAR E{LH
! " The rate of variation of number an(l‘weight in each age-group (luring one year.
rs O
age 1 z-3yr4 3—>4yrs] 4—’53?1'% 5—¢6yr54 6—'7}’1'5‘{ 7—.8y f Total

‘number 400 o7 | o al 15
weight 1,300 147 l 139 | 173

340 | . 267
352 415

-

Tables 6 and 7 give the rate of va;iétion of estimated number and
weight in each age group during one year i; the years 1964 and 1965 at Toe.
(More will be explained about these tables later.) While the ﬁumber of
sea urchins increased 525 in one year, the increase was among sea urchins
in the 1965 five-year-old group or younger. The change for six-year and
older was less than 10j%. Because a decrease of close to 10% was observed
in eight-year and older, it is thought that the natural decrease has
probably become more pronounced. Among the five-year and older the réte

of weight variation corresponds closely with the rate of weight increase

in each age-group.
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The author (1964, b) stated that from the results of the 1964
Toe investigation it was unclear whether the number of young sea urchin
inhabitants was in fact small or the inability to collect samples was due
to a shortcoming in the investigation methodology. Upon consideration of
the results of this 1965 investigation, the author feels that this present
investigative method reflects for the most part distribution conditions of
five-year éndvolder sea urchins. This conclusion was based on the follow-
ing facts: (a) in 2ll areas of Urakawa~cho only small numbers of young
sea urchins were collected; (v) a disparity was observed in the habitats
of small sea urchins and large sea urchins of four years and older; (c) the
four—and five-year-old sea urchins in Toe ére concentrated into high
densities in 3 or 4 spots as seen from the makeup of distribution by age;
and (d) the variation in thelestimated number of five-year and older.sea
“urchin inhébitants is low, while (e) in the 4th year there is a rapid
increase. For sea urchins ofvfour—years and younger, however, the makeup
of their distribﬁtion is not reflected by the method. For ages of three-
and younger the actual conditions of distribution are especially unclear. p.24
When considering the way four-and five-year—old sea urchins are distributed,
it is thought that the habitats in which three-year and younger sea urchins
are clustered together might probably be near high density areas of four-
and fife-yéér—olds. And'regafding this point it is conjectured that post-
. metamorphosié sea urchins converge and adhere to specific locations which
have certain conditions at the time of benthic migration of floating larvae.
Further study is necessary on these points.
It is notable that with S. intermedius small oneé tend to ve

widespread in very shallow areas, and as they grow larger to spread deeper




(Kawamura 1960, 1964 2, 1965 a, Kawamura, Taki 1965). As the distribution
of young S. nudus is not apparent, it is difficult to be exact, bui within
the sphere of this investiéation, it seems that the relationship between
its size and water depth is more complicéted than that with S. Intermelius.
However, it is almost certain that definite movement and dispersion can be
observed according to the growth stage. The gregarious life accompanying
growth stages and the life cycle of S. nudus are subjects for further
concrete study.

4. Development conditions of sonads.

Figures 22 a, b, ¢ show the distributions of the average gonad
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index (gonad weight/total weight x 10). In Sanbetsu the only 1o§ations

with over 1.0 were sts. 1 and 5 (water depths 4.5~8.5 m) . In Shiroizumi
sts. 3, 10, 14 and 23 (water depths 3.5-7.0 m) had over 1.0, but on the .25
whole development was no% very good. In Tsukisappu, no 1ocati§h had over
1.0; and in Urakawa only st. 3 (water depth 6.5 m) had over 1.0. in Ikantai
locations with over 1.0 were found in a long, narrow strip in the cenfral
part (water depths 2.5~5.5 m) . There were also some in the area ﬁeighbour—
ing on Toe (water depth 500 m)f In Toe, with the exceptions gf sts. 1 and
4 (water depths 5.5-3.0 m) all areas had over 1.0. Compared to last year
development in the area around Rebunbira reef is somewhat poor;'but bétween
Rebunbira reef and the Toe coast there were several locations which showed
improvement. In Ogifushi, there were 1o§ations in both the eastern aﬁd
western ends (depths 3.0-5.0 m) with over 1.0; even in sts. 13 and 24 (water

depths 4.0-5.5 m) 1.0 was exceeded. Other locations, however, were not good.

Table 8. The percentage of sea urghin in each stage of ’ p.25
gonad development. , . (%)
ENE .. , __n_,m'n e 5 a8 e.

L L e lnmum EEL | nwuulru 1| e Jye Rl it U | R | i o | e
Sanbetsu 1167 8.8 | vy 11. 4 Y 2.8
Shiroizumi 15.9'  83.6! 0.5 11 P 19.0 571r 23.9.
— Tsukisappu 100 3 B ' IR X 8.0
Urekawa, - 100 Cooqam w77 615 308
Tkantai L o:3 709 5.8 § I Y 21.2i 56.3 2.5
Toe ' 8.6 14.4 L0 PC BERIAt 82.9
Ogifushi .28, 4! 71.6 1 w K| 319 41.8; 26.3
Ogifushi 1964 3.0 8.0, 110 "°~1 ARECSLHE ] 0.5 30.0 9.0 05
8. Qistric? d. Growth perlod
b. Maturation ‘ e. Pre-maturation period
¢. Recovery period : f. Maturation period

¥ Translator's note: This is probably a misprint for 5.0 m.
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The maturation conditions of gonadsaze showm in Table 8. On the

“whole the majorit& of sea urchins, both male and female, were in the growth

period. There were also many males which had reached the pre-maturation

. period. At the time of investigation, there was a strong connection between

the progress of degree of maturation and the volume development of gonads.‘
Tn locations with many in the recovery period [1st period] the volume devel-
opment of gonéds was extremely poor. In Toe the volume hed developed more
than at other areas; consequently, the stage of maturation was also advanced.
Contrasted to last year, there were no male or female sea urchins in
either the recovery or maturation periods. The absence of sea ufchins in
recovery stage is due to the fact that like last year there waé ﬁot any
district observed in which gonad development was extremely poor. And the
abgsence of sea urchins in the maturation stage is probably due to the fact
that they had not attained the level of last year although there were
locations with good development.

Comparatively, the state of maturation of sea urchins at Urakawa
generally resembles that of Ishiya and Shigok: reported in a study by Fnji

(1960 ¢). There seemed, however, to be somewhat fewer males in the maturae-

tion period.

5. Relationship between the contents of the digestive tract, seaweed

erowth conditions and distridbution, and ronads.

Because there was a tendency observed last year for the development
of gonads to improve as the percentage of seaweced in the gut increased,
this time the percentages of seaweed and non-seaweed substances (calcareous

seaweed is included among non-seaweed substances) were made the objects of

* Translator's note: This is probably a misprint for Shinori.




investigation.
!
(%) of seaweed

each location.

The numbers in Figures 23 a, b, and c show the perceniage
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included in the guts of an average of 10 sea urchins in

Figure 23.
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In Sanbetsu there was no location with over 50554 .In Shiroizumi,
while the majority of locations had under 50%, onlysts. 24 aﬁd:23'(water
depths 5.5-7.5 m) had over 80%. In Tsukisappu st. i.(depth 5.5 m) had 803,
and sts. 2 and 3 (depth 6.5 m) had 65%, but tﬂe rest were all around 10%.
In Urak'awa, st. 3 (depth 6.5 m) had 80, and sts. 4 and 5 (depth 9.0 m) had
about 60-70%. In Ikantai the' central part (depths 8.0-5.0 mf and areas
bordering on Toe (depth 5.0 m) had values centering in the 80-905% range;
other locations all showed low values with the exception of st. 1 (depth
3;5 m) with 84%. 1In Toe, excepting sts. 1 and 4, all locations had above
85%., 1In Ogifushi, only values above 80% were observed at sts. i, 3, 13,
and 24 (depths 3.0-5.5 m) and in the western end (depths 4.0-5.0 m). In
Toe the percentage of seaweed compared to last year has become. higher in the
region Tbetween Rebunbira reef and the Toe coast.

In all areas, the relationship seems to be not between the percent-
age of seaweed eaten by sea urchins and ses; urchin distribution density,
but rather whether seaweeds (both growing and floating) are present or not
in the sea urchins' habitats., Even in cases where sea uréhins inhabit the
lower portion of a peak and kelp 1is on the upper, most likeiy the kelp
is not eaten at all by the sea urchins. It seems that foraging actions of
sea urchins are not very extensive. |

Depending on the location the make up of food of sea urchins
varies greatly. Considering the districts as units, Toe had the 5est
conditions, while Sanbetsu and Tsukisappu could be said to not be that
good. Further, in Shiroizumi, Ikantai and Ogifushi certain spots were good.
In_relation to water depths a tendency for good locations to be in the 3.0~

6.0 m range was observed. It is'thought that there is in each area a yearly

*Translator's note: sic.

p.26




variation in growth conditions of seaweed and food conditions attendant
upon them. This consideration is based on the large variations of‘kelp
produced in Urakawa-cho (Table 2) depending upon the year, on the larger
amount of kelp produced in Toe compared to last year; and on the expansion
of locations where seaweed is eaten. The food conditions in Toe are
comparatively good. Moreover, they are regular, a fact which differs from
other districts. This is probably due to fhe presence of the Rebunbira
reef belt at sea and the constant supply of floa{ing seaweeds originating
from areas around the reef.

A close connection is evident between the state of development of

the gonads and the percentage of seaweed contained in the gut. In locations

showing a gonad index of 1.0 gnd above, the percentage of seaweed eaten is
almost always over 80%, and in loéations where development is especially
good, the percentage is near 100%. Conversely, in locations where the
percentage of seaweed is low the development of gonads as well becomes
pbor. Furthermore, in Toe last year where the percentage of seaweed was
bad, development of gonads was also bad, but when the seaweed percentage
rose the development of gonads improved.

Fuji (1965) reported that with S. intermedius such seaweeds as

kelp, Ulva pertusa Kjellman (anaaosa), "kayamonori" and Alaria crassifalia

Kjellman (chigaiso) were good for gonad development. The investigation

results of last year in Toe and this year show that in the kelp belt gonad

development is good and that sea urchins who ate Ulva pertusa Kjellman,
"habamodoki"™ and so forth were also good. However, with such seaweeds as '
and "oobaokitsubara" they did not appear to be that good.

The close connection between S. intermedius gonad development and

p. 27
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the amount of food intake from winter to spring has been confirned (Fuzi
1962, 1963, Kaﬁamura, Hayashi 1965). TPFurthermore, the author (1966) has
estimated that connection between food intake and gonad development of S.
nudus is fundamentally almost the same as.that for S. intermedius. In Toe
gonad development generally tended to be somewhat slower when compared -o
the ievels of last year. And in addition, according to reports from workers
on operations in Sanbetsu and Shiroizumi gonad development was telow normal.
These facts, in light of the knowledge gained on S. in{ermedius, perhaps
have a close connection with variations in seaweed growth conditions from
winter into spring, the period of extensive feeding activity.

The authors (1965) pointed out that witﬁ S. intermedius in Rebun-
to Fuﬁadomari there was a close relationship between the yearly fluctusiions
of kelp production and sea urchin food conditions which in turn azffected
the development of gonads. The more kelp thefe was available the better
development conditions of gongds became. In Toe.in 1965 there was ten iimes
as much kelp as in 1964 and the gonad development which rad been poor in
1964 was now impro&ed; these resulfs are the same as those of S. intermedius
in Funadomari. Considering sea urchin food conditions from kelp output
only, it can be said that in 1965 Ikantai, Toe and Ogifushi were bet{er than
nornal, while Sanbetsu, Shiroizumi, Tsukisappu and Urakawa were poorer than
normal. From the standpoint of gonad development conditions, these facts
perhéps indicate that in the future locations in Sanbetsu, Shiroizumi,
Tsukisappu and Urakawa where gonad development is good should be expanded.
It would also be possible to 1limit them in Ikantai, Toe ard Ogifushi.

In this investigation there does not appear to be any Eﬁiﬂé.fiﬁig

connection between sea urchin foraging activities and their distribution.
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However, there is a need for further comprehensive research on such things
as migration and density which go hand in hand with growth stages~and the

life cycle.

6. On management of fishery resources.

(1) rishing grounds.

No matter how great'é voluﬁe of sea urchins there may ge, if gonad
development conditions are poor they will have no value as é-catéh.
Generally speaking, it is desirable that operations be carfied out in areas
with a minimum gonad index of‘l.O or above as long as resources are utilized
effectively.

There is a close connection between gonad developmenf and food

‘conditions. Based on the relation between the development of seaweed

growing conditions and the development of gonads, sea urchin distribution
areas may be divided into the three following types:
A, Locations where seaweeds are s%able and grow each year and
where gonad development is good.
B. Locations where there are large yearly fluctuations in seaweed
growing conditions and where there are annual changes in develop—
~ ment conditions of gonads as well.
C.‘ Locations where each year food conditions are poor (no seaweeds
growing; a paucity of floating seaweeds) and where gonad develop-
ment is always bad.
A" zones would be Opération zones to begin with. Decisions whether
"B" zones would be or not be used in operatiohs would depend upon the state
of gonad development for the year in question. "C" zones would not be used

for operations.

- o —
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In Toe last year fishing grounds were divided into an "A" zone
(the periphery of Rebunbira reef) and a "B" zone (the Toe coast side) and
operations were recommended forAthe A" zone. This line of thinking
probably need not be changed fundamentally. However; even in the "B" zone,
depending on the year, the development of gonads may improve. Therefore,
it is probably suitable té consider the "B" zone as being B-type locations
as listed abo&e. HMoreover, because small éized sesa urchins are appearing
yearly in large numbers in the northern and western parts of Rebunbira reef,
perhaps it would be better to make these into "fishing prohibited zones".
Each of the A, B and C zones cannot be clearly indicated because in each
area the actual conditions of amnual fluctuation of growth locétions and
amounts of seaweed (with priority given to kelp) are not clearly defined.
(2) Fishing season
The season of operations at Urakawa~cho is limited almost entirely

to January through March. Due to the fact that during this period there
are no operations at all on the Japan Sea side of Hokkaido where the impor-
tant fishing grounds of sea urchin fishing industry are located, it is
advantageous in respect to prices of the product. Howeﬁer, it is an in-
satisfactory period for gonad development. Having sufficiently studied
the development conditions of sea urchin gonads and socio—-economic conditicns,
it is thought that it would be better to delay the fishing season as much
as.possible.
(3) Size of sea urchins for the catch.

| Considering sea urchin age and siz;, it is the Ath year when éea

urchins reach the catch qualification shell diametef of 5 cm according to

the Hokkaido fisheries adjustment regulatiors. The percentages of weight p. 28
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increase after the 4th year are: %between 4th and 5th years, 70%; between
5th and 6th years, 4%%; and between 6th and Tth years, 30%. Neanwhile,
from shell diameter frequency and the variation in estimated rumbers of
sea urchins in each year of each ége group at Toe, the natural decrease is
thought to be greater after the age of 8 years and in shell diameters cver
8 cﬁ (see Figure 3, Tables 6, 7). TFrom these facts it is considered ttat
the catch of sea urchins in 6-7 cm shell diameter range and beitween 5 and
T years old would be the most effective. Howevef, as good locations for
the development of gonads are narrow (Toe eicepted), to restrict shell
diameters to 6 cm and above would limit greatly the amounts of catch.
Thereforé, considered in connection with'transplantation (discussed below),
catches of sea urchins with shell diameters over 5 cm would probably'te
better.
(4) Transplantation

Because the growth stages of gonads are easily influenced by food
conditions during the growth period, it is presumed that if sea urqhins
having poorly developing gonads aré transplanted into areas with good food
conditions, the gonad development will improve. There are a few reporis on
the effectiveness of S. intermedius transplantetion (Kewamura 1963, Kewamura
1965 a, b, Kawamura, Taki 1965). Transplantations of S. ggggg are also
being carried out in various parts of the country. The author (1965) :za
carried out.experiments on 8. nudus at Iwanai and has generally confirmed
its effectiveness. Each district is inﬁabited by large numbers of sea
urchins with poor gonad development. If, after operations in areas of good

gonad development, these sea urchins were transplanted, the resources cf

each and every area would be able to be utilized effectively.



(5) Estimated stocks and reasonable catch quantities.

, e oo L o
| Table 9 B9® i vk KA GRIgSem MDD
;‘ The estimated stocks of the sea urchins larger than 5 ¢m in test diameter.
District ““_Numbgr of individuals Yeight (kg
Sanbetsu o 432,000 = 213,000 19,500 4 24,400
Shiroizumi 733,000 % 301,000 ° 83,800 1 34,400
Tsukisappu 260,000 + 123,000 27,500 & 13,000
Urakawa 184,000 4 158,000 26,800 X 23.000
Tkantai , a 975,000 & 341,000 118,200 £ 41,400
%* U.F.C.A. 2,584,000 + 1,136,000 301,800 + 136,200
Toe 1,635,000 + 434,000 212,600 + 56,500
Ogifushi o 1,670,000 * 455,000 189,000 + 51,600
*¥¥% 0.F.C.A. 3,305,000 = 889,000 . 401,600 % 108.1400

¥ Urakawa Fishermen's Cooperative Association
** Ogifushi Fishermen's Cooperative Association

In Table 9 are shown the estimaﬁed stocks of sea urchins with
shell diameters over 5 cm. The estimation method is the same as that the
author (1964, b) used on sea urchins in Toe. The basic problem points of
this method were reported on at that {time. The average stocks by area are
Sanbetsu 49.5 tons, Shiroizumi 83.8 tons, Tsukisappu 27.5 tons, Urakawa 26.8
tons, and Ikantail 118.2 tons; within this Urakawa Fisheries Cooperative
NManagement area the figure becomes, therefore, about 300 tons. Within the
Ogifushi Fisheries Cooperative Management area Toe had 212.6-tons, and
Ogifushi 189 tons; reaching a total of roughly 400 tons. The calculated
stock for Toe last year was 101 tons. But in last year's iﬁvestigation
the target area covered 640,000m2, whereas this year it is 760,000m2. For
purposes here last year's values have been enlarged to correspond to
760,000m2. Shown in Tables 6 and T are the estimated stocks by year and -
the rate of increase per 1 year. Numbers seem to vary only slightly among
sea urchins five-years and older, but tend to decrease in eighi~year and

older. The rate of increase between the 4th year and 5th year is very high,

p. 28




and on the whole shows a 52% increase over‘last year. Among last year's
five-year and older sea urchins there was an increase in weight roughly
proportional to the rate of increase per year of agej this year's five-
yeér-old sea urchins are 4 timeé as many as last year owing to the increase
in numbers. On the whole, the increase becomes 70%. The inclusive total =
of 212.6 tons demonsirates that resources are recovering to levels close 1o
those of 1960-61 when the catch was 167 tons.

The results of calculations giving esfimated stocks of sea urchins
with gonad indices of 1.0 and over are shown in Table 10. In Sanbetsu 11
tons, Shiroizumi 12 tons, Tsukisappu 0, Urakawa 3.5 tons, Ikantai 74 tons;
a total of about 100 tons for the Urakawa Fisheries Cooperati#e Menagement
area., 1in Toe 196 tons, and Ogifushi 69 tons, a totél reaching about 260
tons for the Ogifushi Fisheries Cooperative Management area. With the
exception of Ikantai and Toe, the estimated stodks}having gonad indices of
over 1.0 are less than 30%‘of‘the whole. Assuming there would be transplant-
ation, there doeén't appear to be any problem in taking all of these. In
Tkantai the estimated stocks having gonad indices of over 1.0 reach 60%.
It is thought that most of these sea urchins are six-and seven-years and’
older. Even if these were preserved there is the danger.that the rate of

natural decrease will become higher. A harvest of all these sea urchins,

| Table 10

§ B0 R AT L0 BALD Y = ik

i The estimated stocks of the sea urchins more than 1.0 in gonad index.

District Numbers |Weight (kg District Numbers |Weight (kg)
Sanbetsu 61,000 11,000 *U.F.C.A, 685,000 100,500
Shiroizumi 80,000 12,000 Toe 1,405,000 190,000
Tsukisappu 0 0 Ogifushi 536,000 69,00
Trakawa 24,000 3,500 | *FOF.ULA, 1,942,000 259,000
Tkantal 520,000 74,000 -

% Urakawa Fishermen's Cooperative Association
*% Ogifushi Fighermen's Cooperative Association
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therefore, appears.justifiable. In Toe if all the sea urchins with goned
indices of l.O“;fho§é;\§ere taken, the resource would be at once completely
exhausted. Although in the Toe "B" zone as well the meat was good this
year, it is impossible to say what will happen next year. The northern
and western parts of Rebunbira reef which are in an "A" zoné were closed

to fishing because of the comparatively small size of the ses urchins. It

.is estimated that the stock of this zone willbe about 100 tons with opera-

tions on the eastern and southern sides only. Of this amount six—year and older
seé urchins account for 507 of the numbers and 70% of the weight. If these

sea urchins were caught one year later the catch would possibly bte about

70 tons. And if in "B" zone the state of the meat is like this year's,

a catch of 20-30 tons can be expected. The fishing season at Uraxawa-cho

" starts in January. Yei as the sea urchins are expected to grow from lzy

(the month of the investigation) until Januar& of next year, we can antici-
pate to a certain extent an increase in weight.

Although it was pointed out in detail in last year's Toe investi-
gation report, at present it is imﬁossible to say how far the estimated
values can be relied upon. The reasons for this lie in the fact that the
stock estimation method is an expedient and is wanting in scientific support;
and also that there has been no investigation based on actual praciices in
the fishing industry. It became clear during the 2 year investigation,
as well, that the actual conditions of replenishment of sea urchins under
four-years—old cannot be determined with the present investigation methodo-
logy.

Henceforth, together with taking accurate records of ca{ches

during operations, it will be necessary to carry out investigations after
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operations, and to study both the accuracy of stock estimations and improve-
ments in estimation methods. It is also important to define-the’living

conditions of young sea urchins and to research the actual conditions of

the replenishment group.
Summary

(1) From the 13th to the 26th of. I-iay, 1965 collection of g.m was
carried out by divers in a total of 126 2 m x 2 m spots in the districts
of Sanbetsu, Shiroizumi, Tsukisappu, Urzkawa, Ilkantai, Toe'and Ogifushi
along the Urakawas~cho coast. The habitat, age and size, size and distribu-
tion, development conditions of gonads, and gut contents of sea urchins
were investigated. Further, based on the above results the'ménagement of
fishery resources was studied.
(2) The habitat of §. nudus is characterized by rocky or stony bottoms.
The growing conditions of seaweed vary greatly depending upon the locations.
In Sanbetéu, Tsukisappu, and Urakawa they d%e small in numbers. Toe had
the most of all including kelp. Only limited parts of Shifoizumi, Tkantai
and Ogifushi ‘were inhabited by seaweeds.
(3) The relationship between age and size (shell diameter) of sea ufchins
at Toe is as follows:

| 2Ind year——3.21 cmj 3rd year—4.18 ‘cm; 4th year—-5.18 cm; 5th year
f—6.1i cm; 6th year--6.94 cm; Tth year--7.55 cm.
(4) Throughout all the districts sea urchins having a shéll diameter qf

about 6 cm were the most numefous. The more the shell diameter increased

- or decreased in size the fewer the numbers of sea urchins became. Among

all sea urchins with shell diameters over 5 cm a slight difference was
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observed between the habitats of the smaller ones and those of the bigger
ones., There was a tendency among the four and five-year-old sea urchins

to concentrate into special locations, but the tendency for six-year and

older was to disperse. The distribution density of sea urchins varied

from district to district and from spot to spot.

(5)‘ The .state of development of gonads was best in Toe; good in

parts of Shiroizumi, Ikantal and Ogifushi; and bad in other locations.

Gonads in both male and females wefe largely iﬂ the growth period of the
maturation process.

(6) There was a close connection between the percentage of seaweed.in the

gut and seaweeds growing (inciuding floating seaﬁeeds) in sea urchin . p.30
habitats. PFurther, cases Where the percentage of seaweed in the gut reached |
over 80% were frequent among sea urchins having gonad indices of 1.0 and

over, Just estimating from the appearance of gut contents it is impossible

to establish a clear relationship between food conditions and distribution
densities.

(7) Pishing grounds, fishing seaséns, size and tranéplantation, estirated

stocks, and amounts suitable for the catch of sea urchins were discussed.
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