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CLAM CULTURE TIl JAPAN 

by 
A. R. Calm Jj 

StMlARI 

1. Clam culture is of ancient origin. The first mention ot it in Japanese liter
ature dates trOll 746 AD. Although this instance is merely the transportation ot a spe
cies ot clam from one place to another, such trans plantings constitute a first step lead
ing eventually to the more complicated and intensive methods of culture. Actual cultural 
methods came later but were practiced before oyster culture came into existence in Japan. 

2. The innurierab1e sballow-water bays and inlets that indent the Japanese coast af
ford in many 1natances ideal. localities for the practice ot aquiculture . The util1zatioo 
of the .hallow coastal waters for the produotion ot nutri tiou8 food is highly imP'-C1;8Dt 
to the health and weltare of a nation which derives approx1llately 85 percent of its animal 
proteb from marine products. This becomes more important still when it is realized that 
animal protein represents only about 15 percent ot the total protein food available to the 
human dietot the nation. Suoh aquicultural. utilization of suitable water aresa also con
stitutes the sole economic basis ot many ooastal villages wherein the population lives en
tirely on the results of its aquicultural activities. 

3. Among the aqulcultural pursuits of the Japanese in these shallow coastal waters 
is the culture of cl8118. Clams play an important role in the economy of the nation as 
they afford both food and a Ileana of livelihood for many people. They are easily aDd 
cheaply cultured along much of the Japanese coastline. As the I118thods employed are simple 
and in many cases primitive, little equipaent is required and hence shortages in uterial 
and gear do not affect produotion as is the case in more elaborate cultural procedures. 
Primitive as the methods lI&y appear they are etficient as to production and well suited 
to the economic status Qt the people using thell. 

4. The I18thods employed in the culture and harvesting ot 10 1I\portant c1a species 
in Japanese waters are described in this report together with such variations as have been 
evolved to meet local conditions. The methods of harvesting 13 other slightly 1eS8 11\
port ant species, tor which no cultural need thus far bas arisen, are also reported. While 
these 23 species constitute the lIost important ot the clams valued as food by the Japanese, 
many other species also are eaten, although in far lesser quantity and usually only local
ly. Such speoies ha~ been merely listed for the sake of completenesl. 

5. Notes on the life histories of the important cultured species are given in SQ118 

detail because the success ot culture procedure depends in the last analysis on an under
standing and appreciation ot the inter-relation between environment and specifio limita
tions to meet environmental change. Successful culture must be based on an unders tanding 
of specific life histories • 

. 
II Thi~ report was prepared by Dr A. R. Cahn, aquatic biologist, Fisheries Division. The 

drawings are the work of Messrs Saburo Satouchl and Katsuyuld. Kita, technical consu1~ 
ants, Fisheries Division. The writer is indebted to Mr T. 1no and Mr F. Hasegawa for 
translating and briefing ID8n,y Japanese publications and to Dr Tokubei Kuroda for as
sistance in problema ot S1DOD~ and nomenclature . 
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6. Statistics on clam rroductl.on in Jttpan are both inoompl te and conru
f 

sed 1 ' b.lit IIUC , 
data as are available have been assembled. The total r corded produc 10n 0 c s n 
Japan during 1909-48 amounts to 5,842,833 metric tons, an annual aver of 1 , 070 ric 
tons. In the peak year 1943, clam production yielded 4,378 grams per ca ita; a tho rate 
of 32 grams of animal protein per kilograra, tbe produotion that y ar yielc!ed 140 amI of 
anilnal protein per capita. 

7. Many species of olams In Jspanese waters are showing the effect of over- fillbing , 
and in some instances the decline in produotion already hu beoome serioWl. There 1a no 
reason to expect anything in the uture exoept a further decrease du to he II 

with more and more species being affected. For this reaaon protlJotive 11 s urell 

and improvement in culture technique through IIcientifio investigation b De d d 
to maintain production of this important marine food item. 

INTRDDOCTIOH 

Japan ie an insular nation. Ita lIoutlwtrn oout OIl the Paoifio aide is ushed by 
the warm Kuroshio (Black Current 3/) Cowing northward frOll the tropic ; 1 t north-
eastward just north of Cblba Prefeoture and flows out into the open Ptlcif c . Tl nor hem 
Paoific coast is under the influenoe of the southward Cowing Oyashio ( 0 h r Current) . 
The entire Japanese coast of the Japan Sea is washed by the Tsuar current, brlUlch ot 
the Kuroshio which flows north of the Ryukyu-l~tto (Ryukyu Islands and eG bro h 
Tsushima-ka1.kyo (Tsushilna Strait) between Japan and Korea. Japan's coastline ia v ry 1r-
regulsr, being indented by innUllerable bays, some large, many s.all. of these inden-
tations afford large areas of shallow water, protected froc the olence of In 
many such bays the shores are relatively low and the sea bott 121 ei her aand , 00 , or a 
mixture ot the two. Suc!:: areas afford excellent shelter for 1t8.l"1ne lire,.. c1al.ly for 
hundreds of species of mollusks V, and at the S8lDe time offer excellent uni 1aa f or 
aqUlcul ture. 

One of Japan's major problema io that of the food supply for its 84, ,000 peo-
ple. With a concentration of approximately 3,650 people per square aile of cult1~ated land 
(United States: 188 per square mile), it is not surprising that the pe~l. hs turned to 
the sea as a source of steady food supply which furnishes the~ with 85 percent of t 1r 
animal protein. The open sea suppliee the largel species of ztarine fisb suc ee bonito , 
tUIlliB, albacore, spearfish, and sharks . The shallow ster provides the smalier fiah, crus 
taceans, algae, and a host of marine mollusks, both bivalves snd gastropods. ~ ord r to 
augment the natural supply of food in the s hallo" water, or to obtain the " erod tball to 
buy food, the coastal populations have turned to aystellatic cult h ation of these resource. 
and have developed many phases of aquicul ure, deF~nding upon the envircDmen al f aotors to 
dete:nnine the nature of such sctivities. In suitable localities noric ul ure, Fear l Cl.l ure, 
clam oulture, oyster culture, and sea cucumber oulture are undertaken. Although t he pro
duction trom these aquicultural activities may appear small compared with the otal pro
duction reaped from the sea, they play an important role 1n the nutritional economy of the 
people and afford a livelihood as well as subsistence to innumerable smell oommunities 
along tb.e coasts. With the steadily increaaing pressure of population, s tention 18 being 
directed more strongly than ever toward enl.arging aquicultural prod uction. This focll8 of 
attention is lead1ng to 1I101'~ intenaive investigstia:lS of methods, iJlprovement of tech
niques, and the opening of new areas to suitable aquicultural pursuits. 

Although the oultivation of clams is very old even in terllS ot Japanese history 
the methods used today still are primitive, but they are surprisingly efficient. Cl8lDS 
afford a highly nutritious, palatable, and ablmdant source of food which is harves ted rel
atively easily and inexpensively, and hence tb.ese mollusks playa real part in tb.e econo
'ary of the nation. Urayasu, a town of 1,500 inhabitants in Chiba Prefecture, depends wbol~ 

~ See Glossary for list of Japanese generic terms used in this report. 
II See Glossary for definitions of certain technical terms as used in this report and for 

an illustration of the shell features of a bivalve. 
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OD the barnst ot clau cultured at t.he lIOuth ot the Edo-gawa (Edo River); the claas are 
the basis ot its local econo~. The same Is true of .any other coamunit.ies along the Jap
anese coast. 

That ol&llls are extremely nutritious is indicated by the high protein content. ID 
ti ve important species the percentage of protein 1s as follows: Venerupis semidecus6ata 
13.20; Corbicula spp. 18.40; Anade.rl:l broughton! 15 .79; "actr~ sulcataria 11.08; Meretrix 
meretrix lU80ria 13.19. A rat content in these five clams ranges frOli 0.45 percent in Ana-
dare. broughton! to 0.8 percent in Corbicula spp. -

This report deals with the various species ot claaa cultivated by the Japanese and 
also those which, while not aotually cultured, are aportant ltell8 in the diet ot the peo
ple. With the results of overfishiilg becOiaing apparent in many of the productive species, 
the Japanese are direoting attention toward the possible oultivation of other apec1ea as 
_11 as towsrd the improvement of the tecbniquea of culturing theee already under d0JD8st1-
oaticm. The writer has atudied the various methods eaplo)'8d in the field. They are re
ported herewlth in an eUort to bring together within a aingle small volU118 an account ot 
the .. thoda preva1l..1Dg in ditterent regions ot Japan, in the hope that this infoZT'::. .. i cm aq 
we posa1ble future aprOV8ll8nta in techniques and an increase in produoticm. 

Considerable attention baa been given to the problells associated with env1ra.ent, 
lite history, and develoJ88nt beoause these are illportant to anyone concerned with culture. 
An organiall ia an organio response to apecitio probletllS aposed by an envirODl!8Dt and hu 
det1n1te and relatively nonelaatio physiological limitb ot adaptation. The aore closely 
theae 1Wta are approached the lIore serious becomes the penalty thereot. The env1.ronllent 
is theretore ot pr1u.ry blportance to the success ot any culture projeot. Aa the organillll 
cannot adjust to meet the requireaenta ot an uncongenial. environaent, the envirODll8nt tor 
culture work must be selected with caretul reter~noe to the limitations ot the organisll it 
success is to be at.ta1ned. To do thia requires accurate knowledge of the life history as 
related to the envlromaent. Such problelll8 as temperature range, salinity tolerance, bottoa 
composition, exposure during low tide, and siJl1lBr envirODll9ntal tactors are of bade 111-
portance. Thay are dealt with here in 80118 detail insotar aa they are known to aftect the 
various phues or the lite history of the species. Succesa in any culture undertaking de
penda upon an understanding or the resistance and l1a1taticma ot the organiaa involved and 
the intelligent application ot that knowledge to oulture procedure. 

The preaent paper does not purport to be a taxono.1c study, and time haa not per
a1tted a thorough taxonomio revla1cm of the species disoussed in this report. Such a re
vision would require consultation of literature not available in Japan, the eXBllination ot 
type spec1aens in London and elsewhere, and other aspecta of malacological research which 
lIIust be lett to othera. Considerable atudy would have to be devoted to detel'llin1ng whetmr 
the generiC name Venerupis is valid, or whether Protothaca should be used instead. Card1\1l 
ia used loosely; the proper 1dentiticaticm of genera and subgenera in Japan of apeciee go
ing under this D8II8 Is a challenge to local scientists. Research apl1es searching again, 
and in this area lIIuch 1II0re searching must be d0D9 by other workers betore the clasaitioa
tion ot the animals considered herein is such as to receive the approval ot all taxonOllista. 

That various species ot 1iI8l'1ne lIollusks have loag sened as i teu ot m.an tood hall 
been proved repeatedly by the c~iUon ot iDnw.erable abell aOUDds or kitcben a1ddena ex
cavated in many parta or the world. The coastal areas ot the ialands ot Japan Proper are 
atudded with preb1atorio shell lIIotmda, IIaD7 ot which have been atudied and show a prot\lsicm 
ot lIIolluscan abells. WhUe the D1lIIber ot 8riDe binlves tound in the shallow w.ten eas117 
accessible to these ancient people is large, the D~r of species they used as tood, as n
idenced by the contenta of theae aoUDds, is relatively sllall, indicating det1n1te selectivi
ty. Oysters are alaost alwa..~ present, and such clau sa these people toUDd available and 
p1eaa1ng to their taste are abundantly represented. The bbalves used as tood greatly ex
ceeded in both variety and quantity the gast.ropods eaten. Aa a1ght be expected, the clu8 
represented are those species found loca1.l.7 near the aound in which they are deposited. In 
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only a few instances have molluscan species been found whicb are not dlgenoWl to he v i-
cinity of the midden, although some of these Japanese mounds are estim~t d to date back 
several thousand years. !J/ Tbe ancient people of Japan depended grea.tly on the sea for 
their food, and they left their menW! in their refuse piles as evidenc of h ir die t . 

The culture of clams probably began in the Far East, but much time-c in re -
search would be neoessary in order to localize the first steps in the proc e8. e of the 
earliest-it not the earlieet--reference to primitive clam oulture in J apan ocours in an 
ancient Japanese class tc ~. Here it is relatod that Yakamochi OtQmo , a po t and warrior 
of the Imperial Household, took -Arisogai- Sf, a specIes of clam Mactra sp8ctabIl1 e ) , with 
him when he was transferred from a post in 111 (now Wakayama Prefeoture to another in Et
chu (now TO.}"lUla Prefecture) in 746 AD, and planted thelll in the waters ot the latter regl~ 
(Aikan 1949). Clam oulture of a sort was alr9ady established io China before t e 17th 
century, for we find in ancient Chinese natural history books refersnces to eiden R &8 

farms where §inonovacu::.a was oultured and to -Kanden" where Anadara was cultured . 

1fh1le tbe early inhabitant8 of the Japanese homeland ,illply used "ba they found 
locally, the Japanese of the 17th century began t o improve on the prov 1deoce of c.. e by 
culturing clams which th~y found particularly palatable, whetb r they occur locally or 
not. As far as can be authenticated, tbe next IIIAIl after Ia.\c.amochi OtOlio t.o tr oaport c 
in Japan 1I8S Kenzan Nonalta (1615-6J), one of the ohief supporter!! of t.he T088 feudal c an. 
In 1656 Nonaka was sent to Tokyo as envoy to aid in solving a controverey beh an nd bbor-
1ng clans. Bis mission aocomplished, he decided to bring baok to Toea (Kochi Pre fec ure) 
some of the olams which he found so delightful on his Tokyo visit. He therefore piled one 
of his vessels high with adult clams and filled anothe r with young of R!sari R (Venerupis) 
end "Bamaguri- (MeretriX) and salled for hOllle. The people of Tos expec ted onaka to bring 
rich gifts back with him trom Tokyo, and they were lined up 00 th ach to we1c hla 
when he returned. As he oame into Tosa-wan (Tosa Bay) Honska 5cat ered his c1 
in the shallow water, and the good people of Tosa went hOllle in disgust . H eve J No.nak& 
was farsighted, for he planted 8 permanent profit instead of dispensing a te pord reward. 

In 167.3 Gorohachi Konishiya (Goroemon Kobayasbi) was already raisin clAJl\.!l in P;~a
t8U, Hirosh1lla Prefecture, and had his olam grounds fenoed in lIith b boo sticu. Bare by 
chance he found that many young oysters were attac bed to his fence stiCks, and 0 of be 
earliest of Japanese oyster culture I18thoda IIprang frOil his discovery (Cahn 1950). bus i t 
is clear that the actual culture of clama in Japan was already established . ben oyster oul
ture was born. 

Transplantation of clus frCII the Tokyo and Deaka areas to beda in the Toyam,a re
gion was begun in 1858. The undertaking proved fruitless at first but later was s oase f ul. 
Fishermen ot Kojima-wan, Okayama Prefecture (Figure 1) succeeded in acclimatizing -Agemak1 
(Sinonovacula constriota) and "Sarubo- (Anadara subcrenata) Lro~ht from other regions to 
their home waters in 1859 end 1872 reapeotively. They also made a success of planting var
ious other shellfish in later yeara. The cul t ure of -Ba1gal- (!Dadara granosa biseDeosid ) 
in the region of KOjima-wan, was atarted in 1859 by the brothers Ichisaburo snd Yoshlsaburo 
Maeda. As a result of these experiaents, transplantation of 1I0ll~ks of variOUll species 
became common practice among coastal. fishel'1ll8n of Japan (Aikalla 1949). SOI!le were success
ful, others failed because of uncongenial. environmental conditions. The solution of the 
basic problem of successful transplantation remains the same today as at the time of these 
early experiments. a study of specitic life histories in relation to environmental condi
tions. The problem of actual culture is mOl'e urgent now than at any previOUS period be
cause of accumulating evidence t hat overfiahlng has reduced the available !!tock of clams. 

!J/ In an unpublished paper on the "Antlqui ty of Man in the Kanto Plain", Lt Col Hubert G. 
schenck has recorded the analyses of two samples of radioactive carbon, early late J o
mon in age, from the shell mount at Ubayama, Chiba Prefecture. He quotes the results 
of Prof W. F. Libby, Institute ot Nuclear Studies, University of Chicago, -The age of 
one sample ia 4546 ± 200 years, of the other 4513 ± JOO years." Colonel 3chenok th1nka 
that early man in the Kan~ region has been eating shellfish sinoe at least 3000 BC. 

i/ llanyoahu, No 20. Poeta From 31.3 to 759 AD. 
£I See Gloaear,y tor list of Japanese shell names with scientific name 
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CUL'l'tJRID SPWlES 

1. Veoenlpis (Amygdala) semidecUBaata (ReeTe) 
Japanese Name I !sari 

a. SynonoDl,1 and Importance 

1864 Tapes semidecUBaata lWeve, Conch Icon, sp 67 
1853 Tapes japonica DeshSTes, Cat Conch Brit Ills, 181 

In Japanese literature this species appears co nly under 
phllippinarum £ti&1118 & Reeve, and less c~nl.y u ~ ph1l1ppl~ Liachk , ___ _ 
phllippiMl'Ull .&dame & Reeve, and Venws phlllppioarUi-

u

Adaaa " He ..... 

Along with Meretrix mretrix lwsoria this speci.., l'anka u til lIOat. Lwportant 
of the Japanese edible cl8J118 tound on sandy be chea. 

b. Characteristics and Dirstributio;l 

Shell ovate; umbo sl1gbt.l..7 bent ant.rlorly. 
shell surface. Color pattern extrelD8l,y variable (Figure 2). Inn r surf c 
white or yellowish. Cardinal teeth three. Pallial inus c08pU& her, 
size approximately 70 IIi.llaeters JJ long by 50 IIi.ll tara h1gb. 

The distribution of this species 1s sh in the honti 

A closely allled species, V. variegata (tormerl,r Paphla v_&r_l....,......_ 
by SO!De taxonomists to be identical with L eeaidecwsaata, bu tb curr n 
opinion favors ita separation. It is amaller and a1ight.l,y 10 , and th out.r aurtace 
the shell bears 8III&ller and more DUlllltI'OWl radiating rl • Th color pa tero 'f 

y. sem!decU888ta, but the inner surtace ot the ahell is s tr- . p1nJr: or brlgb 
It is found on shores bordering the opeD , but not in be.ys, whereas y. salDid 18 
tound only in bays. The Venerupia ot HokkAido was reported by llinoshit& (1 37) u 
variegata, but afterward llnoshita (1939c) reeognhed it lUI a local nrl.t;y 05 =-"-"- =.;..-"--'= 

~ or intermediate torm of both species . 

c. Living Conditions 

(1) Water Temperature 

On the basis of present a.ledge ot its wide range in ture, thia. -
cies is presumed to have a strong tolerance tor temperature. Kita.alra (1937) . • e 
optimWl is 2.3-24OC. In order to determine the optillum turperature f or c tivity. K1 t..&a1ra 
calculated the velocity of ciliary lIOVeilent ot the gUl!!. A piece ?f gill fllt.Mnt abou 
two millimeters square W88 placed in 8 glass dish, and the action of the cUia Mde the 
gill f'ragMots IIwallc" on the bottom ot the dish. The rata ot ao-n.ant of the gill fragwe.nt 
was directly proportional to the rate of activity ot ita ollia-the tuter tbey . ond the 
taster the fragment "walked". By v&1'7ing the temperature ot the water the e~riJaenter 
found that the activity stopped at OOC and at 36OC, these being the lower and upper liJIi t . 
of tolerance. The optiJlwa proved to be 23.4OC at which point the glll trag.ent awalbtd" 
2.39 centimeters per a1nuta. While the e~r1llent itself ID8,T lie at tint glance to be 
trivial in nature, yet bec~se the respiratory and teeding acthities ot the clu depend 
entirely on this aaae cil~ action, the implications and oonclusions drawn trom it are 
1lIIportant to an understa.nd!ng of suitable culture areas. The salinity throughout thia u
periaent was 1.01812 at 15°C. 

(2) Salinity 

Kurashige (1942&) Mde the tollow~ report on the realstance ot tbia 
01811 to changes in the salinity ot its enviroDll8nt. Within a range of 1.018 to 1.027 the 

11 See Glossary tor conversion froID I118tric to English units ot aea8Urelllent. 
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VARIATIONS IN COLOR PATTERN OF 
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clam was unaffected to any visible extent. In water which was comparatively fresh, having 
a specific gravity as low as 1.005, most of the clams survived for two or three days but 
all died within eight days. Being fairly adaptable to high salinity, this clu survived 
for several months in water with a specific gravity as high 8S 1.092. 

lebo and Oshima (1938) state that the optimum specific gravity tor the 
development of the embryo is between 1.010 and 1.020, and for the best aubaequent growth 
of the individual between 1.015 and 1.023. 

(J) Bottom 

Higurashi (1934) and lcho and Oshilta (1938) say that tCe best bot.tom 18 
one that containa 60-80 percent and 50-80 percent, reapectively, of aand. Beoause the 
young attach by means of the byssus it is highly desirable that the bottom matrix contain 
a certain amount of gra'Yel or dead shella. The species doss not develop in a IllUddy bot
tom where no attachment for a b,ysaus is available. Kurashige (1943b) reported that this 
species cannot live in a place where the character ot the bottom is constantly chan~ng. 

(4) Tidal Conditione 

Even if the character of both the bottom and the water ia suitable to 
the requirements of this clam, growth is retarded when the ground is so high that the claw 
are exposed to the air for too long a time. FuJimori (1929) found that Venerup1a seude
cussata, Madara subcrenata, r.&actra veneriformis, and A'trina japonica could not develop in 
ground higher than 1.6 meters above low tide level because of the len~th of exposure. The . 
optimum depth for the growth of this clam is from two to four meters (lcho and Oshima 1938; 
Ozaki 1942). Regarding the effect of th1e exposure, Kurashige (1943a) touod that the cl&ll18 
lost strength to bury t hemselves in proportion to the length of time exposed. 

Tidal cond1 tiona are recognized as an important factor in the optimum 
environment of this species, but because of the difficulties of experimentation little work 
has been done on tidal problems. Kuraahige (1943b) showed that the larvae occurred where 
the current is gentle; knowledge of this fact aade it possible to devise a new method for 
artificial reproduction (see ·Culture"). Kuraahige (1942b) also showed that the clams were 
weakened after five or six days in water having concentrated mud granules in suspension; 
many died of suffocation in frofU three to ten days as a result of clogging of the gills. 

d. Reproduction and Development 

(1) Egg and Sperm 

Miyazaki (1934) reported that this clam is dioecious but seldom hermaphro
ditic. Although the gonads of both male and temale are basically white, those of the for
mer have a lustrous surface while the latter show some areas of yellowish-brown. 

The ejected ovum was 63-66 microns (}l) in diameter with a perivitelline 
space 3 • .3-4.6)l in diameter, surrounded by a gelatinous coating approximately 23 )1 thick. 
The ovarian egg had a large germinal vesicle,· but this became very small and disappeared 
from external view immediately after spawning. 

Spermatozoa removed trom the testis were quite inactive. Those ejected 
were very active, but the movement seemed to be disturbed considerably by the projecting 
and curved acrosome. The bead-piece was slender and conical. 

(2) Spawning 

Studying spawning habits, :4iyazaki (1934) reported that eggs and sperm 
were not extruded in any certain order, the eggs sometimes preceding and sometimes follow
ing the sperm. The sex producta were discharged through the exhalent siphon, and both male 
and temale kept their siphons extended during spawning, showing no retraction under the in
nuence of mechanical stilllUlua. 
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Fu,jaori (1929) reportee b o spawning s ae008, on 
April to June, aD d • 8~cood in autumn from October to ce ber. How 
that the larvae could be found in the water ill year round cause 1 -8 

hatching in the fall, did not develop r a idly because of the cold temper 
(1934) reported that the two spawning seasons occur io Uarch- ril and August-S 
Yoshida (1935) believed t hat spawning was continuous from s pr1 to fall; he th 
the extreme heat of S\lIIIIller damage the larvae and that coosequen 1;, conc ntra iooa of 
vae would be found in the cooler waters in spring a nd f all , thus S8 min l.y 1nd1oatin two 
spawning seasons. Kinoab i ta reported (19390) that the spawQ.ing e soo in Boklc&ido ra 8 

froll late June to late August whe n t he temperature is 2D-23°C. 

(J) Development 

Miyazaki (1934) was the first inve8tigator to !II a~e fairly co lete obs 1"

Tations on the development of Venerupis semidecusaata. He impounded the tu.re cl s &00 
waited for natural spawning, which occurred in sea water at a tempera tu r of 22 . 8 havin 
a specific gravity of 1.02489. The zygotes were transferred to the laboratory wher 1 
developed well, and many normal shelled larvae were obtained . The rate of th d 0 -

tal proces8 trom fertilization to t e shelled larva is shown in Table A. 

TABU~ A. - DEVELOPMf:NT 01" VDfERLTPIS S~ID.u;USSATA 

Time After 
Fertilizat ion 
Hours Minute. stage Attained 

0 40 Second polar body extruded 
0 55 Fir.t cleavage of zygote 
1 44 Second cleavage 
2 0 ~ght-celled stage 
2 30 Nine-celled stage 
2 45 Sixteen-celled stage 
3 JO Two entoblast cells 
5 30 S1fimming larva 

10 0 Young trochophore larva 
16 0 Old trochophore larva 
17 JO Young shelled l arva. Formation of stomach, 

intestine, retractor muscle. 
21 50 Shell completed. Formation of adductor muscle. 

Size: 104 x 81 u 

SOURCE, Miyazaki 1934 

Miyazald worked out in careful detail the development of the in rnal 
organs, but these observations are omitted from this report . ',Then th shell stt..ain d • 
length of 133 .u and a height of 117 .u the typical larva was completed, the s c1 the 
being dark vellow near the I118rgin of the shell and purple along the hin e lioe, the sy
_try of the shell being quite marked (Figure 3). 

Yoshida (1935) i dentified the prodissocoDCh and stated 
teristics of the adult began to appear 1Ihen the young cllllll was 0 . 28 ill 
When the clam was 0 . 5 millimeter long the specific characteristics of the aped s 

I 

plete and the radiating ribs bega n to appear. An average of 27 days el ps fr f r1.U 1-
sation to the at t ai.nJI nt of this stage, in his 1Iorle at a e a u.re .ary1.ng fTo. 1 , 
to 2J.5OC. 

(4) Growth 

The Asari grows rap idly tr April to Sep 
growth troll autumo to spring, thus indicating dap ooence upon 
of growth is gino in Table B. 

her and practica1l1 c 
te.r ra 
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DEVELOPMENT OF VENERUPIS SEMIDECUSSATA 
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TABLE B. 

Date of 
letU' Measuring 

1919 17 May 
11 Aug 
22 Oct 
24 Dec 

1920 1 May 
17 Jun 
14 Jul 
26 Sep 
26 Uec 

1921 8 Feb 
9Uar 

NOs No data availahle 
SOUHCSs FuJ imod 1929 

- GRCNlTH OF VENXR11PIS SEMIDK}USSATA 

Month. 
Length Height Weight After 

(em) (ell) (grue) Planting 

1.50 HD 0. 37 0.0 
2.54 1.68 1.87 3.0 
3.63 2.37 7.12 5.0 
3.63 2.40 7.12 7.5 
3.79 2.40 7.12 1l.5 
3.80 2.44 7.12 13.0 
.3.96 2.60 9.75 1400 
4.09 2.70 10.87 16.0 
4.12 2.73 1l.25 19.0 
4.12 2.73 1l.25 ~l.O 
4.12 2.77 13.12 22.0 

Reporting on further growth studies_ luJ1aari swmarized his work as tol
lowss one year old_ 2. 6 centimeters; two years old, 3.8 c80t1meters; three years old, 4.8 
cent1~ter.; tour years old 5.3 centimeters; five years old_ 5.8 centimeters (Figure 4). 
The oldest specimen FuJimor1 reports 1s eight years old_ having a l ength of 6.1 centime
ter s and a height of .3.2 cent1lletera. 
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e. Culture 

(1) Culture Methods 

According to Icho anJ Oshima (19)8) the population of th13 clam in nature 
is usually very dense per unit arsa. If the YO 'lllg clams are permitted to r 1n in thl.s 
overcrowded condition, shortage of food causes mortality and retards gr wtb 0 th ur
vivors. To inorease production, the young seed clams must be gathere an trQD~ lantcd 0 

a culture area having optimum conditions. As a result of this proced r be cl gr re-
markably and can be marketed after one or at most t"o years. bari culture, theret re, 
consists of seed collecting and transplanting. 

Seed can be transplanted in both spr1.1g nd fall, but the spring planti 
1s far more advantageous. Fall transplantation 1a f ollowed by 8 per10d arao 11l 1 aloo t ., 
hiberna tion; owing to heavY fall sto~s, retar~ed a c tivity, and depredation by duc~~ r e-
sul ts are rather poor. On the other hand, clams transplan ted in spri gr rapidly and 
become large enough so as not to suffer the d811l&ges resulting trom tall pl ntlng by the 
time that season arrives. The amount of seed planted per unit area .... rles cc l""11 Ul the 
size of the young clams. The standard amount to plant 1n the Ari&.lce-lc i (Aria ) is 
1.5 to 2 sho §/ per tsubo in early May, 2 . 5 to ) aha in late ,4 to 5 aho 1n June, and 
5 to 7 sho in fall. Although the volume of the planted seed incr S88 the n r ot in-
dividuals decreases because of the larger s1ze at the clams. 

Sowing 1s done at high Ude ("shiomaki" ) or at 1 
Growers have found that sowing during a strongly active flow or ebb 
geous. P1an~ing done on an ebb tide is preferable because it gives wor.e rs n op y 
to level the ground after planting and to gather such predators as the snails ana 
lllasiaJ"l8 ("Akaniahi") and Polynices ~ ("Tsumetaga1"). An effort 1s de 41"8. s 
plant a uniforo. number of shells per unit area so as to get maxi~~ gr" ,bu the p~oc

ess cannot be exact because the clams are simply scatter d broadca8 on the bo 

After sowing, the culture area is watcbed and guarde,} agabst treep ss 
and thievery by human elements, and against invasion during h.1Jh tide by 0 lus an preda
tors. Sometimes the action of wind and waves crowds the clams togetoe r so at lac of 
food retards growth. When this occurs the c18lll8 are redhtrlrute over the oriJlnal are . 

As the object of farI:li.ng is maxiJllUlU production in min.inrura , g:r 
often find it necessary to prepare the sea bottom in the culture area in order to 
optimum conditions required to maximize the prod~ction. In the Ariake-ltai area such bot
tom preparations beGan in 1917. At that time dead shells of barnacles an '{eoeru s aixed 
with cinders werd scattered over the bottom, rut the result was not sa tis! ctJry. In the 
summer of 1919 excellent results were obta1ned after scatterin6 s and and crus e shells 
over the bottom. An experimental area was selected and dirlded into two ~, e ch cov
er ing 24 tsubo. The natural bottom here was a sandy mud, exposed for four to five hours 
at spring tide. All living shells were removed from both beds. One bed was left under 
natural conditions; in the other a mixture of sand and crushed shells was spread over the 
surface to a depth of 15 to 20 centimeters. Plantings of equal numbers were de in both 
beds, and these were harvested the following July. The produotion in the prepared bed waa 
more than five tim6s that of the natural bed, 941 clams being harvested pel tsubo on the 
natural bed and 5,07) on the prepared bed (lcho and Oshima 1938), in the proportion of 23 
sho to 124 sho per tsubo. 

Another and very practical new method is now being employed 1n hibs Pre
fecture. Here a machine is used to prepare the bed. A tractor drawing a harrow cuts the 
length and breadt~ of the culture ground and not only "eeds rut also prepares the bottom 
by breaking up the surface and getting rid of the detritus. The tractor used is a 2.5- ton, 
27 horsepo"er machine. It oan be used only at low tide as oare D.1at be taken to avoid wet
ting the machine "i th salt "ater, but it can be operated successfully in water up to 25 
centimeters deep. Arte!" harro"ing, the bed is left undisturbed for a "eek and then the 
seed is planted. Three months after sowing, growth in the farmed ground is JO percent 

~/ See Glossary for conversion from Japanese to English units of measurement 
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greater than in the UDbarrowed beds. Not ool,. were excellent results obtained in raising 
Asari but IIlUch improyellent was also noted in Porph1ra (seaweed) culture. 

If adult clams are present, pelagic larvae occur over vast areas in every 
ba,. or river IIOUth. As a rule, however, IIOSt of these fail to set because the ground is 
not suitable tor the development ot the ,.oung. Although this cltllll is widely distributed 
in Tok;yQ-wan, in the entire area only one good seeding bed exists where the ,.oull6 clams can 
develop in quantities to be of commercial importance. This is at the mouth of the Edo-gawa 
near Ur&,1&su, Chiba Pretecture. In other places the grounds are not suitable tor the set
ting ot the larvae and the subsequent development ot the c18lD8. In many places the diffi
culty appears to be that the tide is so nift the veligers cannot sink to the bottom at the 
proper tiM and establish a benthic life. Indications are that the pelagic larvae of ~ 
sem1decussata and other cl811 species are carried close to shore on the now tide and that 
the,. sink to the bottom when the tide slackens and begins to ebb. 

In line with this theory the Japanese have attempted several methods to 
slow the current artiticiall,.. Ota (1947) introduced a method, consisting of bu1ld1ng bam
boo feDOes against the tide current, which bad ·given good results in Korea. This mpthod 
is now under study at Name1shi, Kwuamoto Prefecture, but the results are not ,.et available. 

Tald (1949) conducted experiments based on the same general principle in 
the Urayasu area, using straw bags fUled with sand instead of bamboo fences. At this time 
all that is known of the results is that the method has produced considerable amounts of 
benthic larvae where no such larvae occurred before. Storms and accumulating IIUd are ele
Mnts working against these two methods. 

Another _thod has been proposed b,. NUno (1949) who suggested boring 
wells in the tidal fiats where no larvae occurred because of the high temperature of the 
water. Tbe flowing wells are supposed to keep the bottom lIud and shallow water at a proper 
temperature tor the developllent ot the cl81118. Whether this can be made practical in view 
of the expense ot boring remains to be seeD. 

(2) Harvesting Methods and Gear 

This species is harvested all 18ar round, but the best seasons are au-
tuan and winter. 

The simplest and least lIIportant method used in Chiba Prefecture to 
gather the clams is 8 hand fork, hoe, or shovel which is used on exposed tidal lands or 
in water to a depth of one lIeter. This ID8thod is employed principally during the spring 
low tides and contributes little to the ' commercial production of the speci es. 

The hand dredge ("Koshlllald") (Figures 5, 6) 1s of gt't!ater import811ce. 
This is a basket dredge about 60 centimeters wide, with a long bamboo handle. Tbe basket 
is f1ttec! with a series of long steel teeth which are worked through the sandy bottom and 
which separate the clams from the dirt. A.t low tide the koshimald is pulled by a strap 
around the fisherman's waist. He wades backward in water up to one meter deep, pulling 
the dredge and working the handle back and forth to loosen the bottom material and to reg
ulate the depth of penetration or the teeth. Workers sometimes use the kosh1maki from an 
anchored boat in water 2.0-2.5 meters deep, by reaching out and then pulling the dredge 
toward the boat. 'Ibis type or dredge gathers clams buried to a depth ot 10 to 20 centi-
meters. 

lbe IIOst efficient method 8lIIploys the "QaaId" or large dredge (Figure 6), 
a larger edition ot the lcoab1ma1d basket dredge about one lIIeter wide. The dredge is fas
tened to a boat by two ropes, and the long handle of the dredge sticks up at the bow ot 
the boat so that the tisherman can work it back and torth to regulate the depth to whicb 
ita teeth penetrate the bottom. The boat is pulled toward an anchor by a hand-operated 
wincb, around which the fishing operations radiate. A Ilarker is placed at the starting 
place ot each pull toward the anchor, so that the sue area is not fished twice yet DO 

ground is .issed. Twent)- pulls are made each d~ and the average catch is about 85 11 ters 
pex: boat of two or three tishermen. 

In SOllIe places {as at ruttsu, Chiba Prefecture) tishermen use a dredging 
net called -Ketaami", consisting of a rectangular wooden or iron hue and a net ~t. 
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!bout J6 abort 1roo teeth are arranged aloag the lower beam or the basket to ~ into the 
botto. a&Dd. stones are added as ilbta.t both ends ot the bottom beam. Tbis gear is 
practical on aand,y-l!:Ud botto in t.er 1'l'OII two to tour _ters deep. '1'be dredge is l0w
ered 0 the port .ide ot a boat which then Nils .id~. about JOO metera; the dred&'e theo 
1.8 pulled up and the clur ruo-f'ed troa the buket. 

t. !Dea1ea and Daap 

In nature h.1gb w1.bd and aft., tlood., senre cold or heat, and lU1:8er~ce 
b7 detritu. are e.a.1ee ot th1a 01 • '!be cu;rgeo content or the water seema to be ot le •• 
1JIport&nee. Kuruhige (1942b) reported that up to a certain point insufticiency or ox;rgen _ 
in the water did not rlalbl.7 duage this clam. '!be !aari survi.ed tor three day. in 
•• ter oonta.1n1ng le8s t.han 0.5 cubic centt.eter ot cnygen per 11 tar. '!bey began to 
abow ill e!tecta only attar toar or tbe clays &ad died it exposed to this cnygen deficiency 
tor 10 ~.. In sea water conta1n1ng one cubic centlMter ot o~gen per 11 ter the clus 
II ed DOl'tIally tar 1101'8 than 20 day.. EJlperaentallT no damage was notice.ble in wator 
eoot..1n1ng leu than 0.5 cubio ceoU-ter ot oxygen per l1ter it the bivalve wa. t ran.-
t rred to .. ll-~enated .t.er tar eevera! bour. eacb dar. 

Certain ducta, .trpeC~ tha lilaguol (Anaa platyrhynchos pJ,atyrhynobos) aDd 
the ItBaJiro' (~ SP.), teed upon the JOQDg clua beaTill tram October to March. Once 
they tind the culture poounds they _Ide:. leave th_. Saito (1936) studied the prohl_ ot 
d.auge b7 duck. to young !. "wdeCUBeata in the Ural&8U area. Ducks collected on the cul
ture grouDds were tound to bave &8 II&ny as 52 clue one to .. two centimeters long, totaling 
28.2 cubic centimetera in wla .. , in the ~st1ve traot. As the ducks seem to teed on the 
o OOD8tant.l.y tar about 150 ~. tro. Ootuber to March, the damage done 1a considered 
to be Tery iJ"8at. 

SHALLOW WATER DREDGE USED IN CHIBA PREFECTURE 
( KOSHIMAK I) 

Hand le Length : l. !5m 



CLAM HARVESTING METHODS 
IN CHIBA PREFECTURE 

A IN SHALLOW WATER 

B IN WATER OF MEDIUM DEPTH 

C IN DEEP WATER 
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~ 

NOTE : USED FOR VENERUPIS, MERETRIX AND MACTRA 
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Natica maculolS& and POl,ynices didyme. (Figure 7) are by far the most important 
predators, and the former has been studied in some detail because of its erious depreda
tions. Natica maculosa was studied by Watanabe (1938b) who reported in detail on its bab
its, reproduction, and damage in the Ariake-kai area. This snail attacks small clams sucb 
as y. semidecussata, Anadtlra subcrenata, !.. granosa bisenenais, and tAactra ve nerifonnis. 
The snail enfolds the small clam in its foot, dissolves the abell by means of an acid ex
creted from its boring gland, ar.d then absorbs the meat. The bole uaually occurs in the 
umbonal region. thE' marlmum size of this snail is 3.0 cent1lneter s in beight and 2.7 centi
meters in diameter, tbe average size being about 2.62 by 2 .14 centimeters. 

When the tidal flat is exposed to bright sunshine these s nails bury thelll8elvss , 
and gathering them is impossible. On dull days they are found above ground . Their spee 
is about 26.4 centimeters per minute. Great nwnbers of _N. _maculosa often are found on new 
cul ture grounds only two days after sowi ng. The spawning se8.!!on for this snail is very 
long, apparently from February to December, with the peak season June and July. The zy
gotes are covered with mucus and accUDJ..late sand to form what the Japanese call "Sunacbawan", 
a sand "tea cup" about 1 millimeter thick and 67 millimeters in diameter, eighing about 
.3.7 grams. The 10Yler part of this egg mass is lAlried in the bottom s o that the~.. cture 
does not drift away. The eggs hatcr in 15 1ays; the larvae spend two three ays as n
l1gers and then sink to the bottom. One egg mass conteins from 20,000 to 30, 000 eggs; how 
many ~ch masses are produced annually by a single individual is no t known. 

In the water off Fukuoka Prefecture in the Ariake-Ic.ai no extermination of the 
snails was attempted prior to 1935. At that time the snails bad beoome s o numerous that 
an average of 50 to 60 per square foot of culture ground were found, and the production of 
the area had been lowered 50 percent by their ravages. The snails t rave l 90 rapi y that 
the individual farmers found it impractical to attempt to gather the snails fro their cul
ture areas, because the next day t1:e snails on their grounds apparently were as numerous 
as ever owing to the influx from neighboring areas. In 1 ,36 the farmers bande toge the r 
and petitioned the Fiaberies Association for help. The Association sgreed to buy gathered 
Naticas and their egg masses at five sen per shoo By 1939 this pest had been grestly re
duced and since that time has been kept under reasonable control. 

Kinoshita (1934) reported that the drill Tritonalia japonica (Figure 7 ) is an 
enemy of the Asari. His observations showed that this drill could penetrate the shell of 
an ABari 5.8 centiJllElters long in about 70 hours, sucking the mea~ of the clam t hrough the 
drilled hole. 

Phi}.ine JaE.~~~~ (Figure 7) belongs to the Opisthobranchia. The shell is co 
pletely internal, thin, anJ slightly spiral. The powerful gizzard is an aid i n digesting 
clams. 

g. Production and Utilization 

The Asari is most palatable in spring but 1s ta~en the year round for table 
use. The meat is eaten raw, i~ soup, canned, dried, or salted. Prior to norld ~ar II the 
dried meat was exported to China. Annual production, both natural and cultured , is shown 
in Table 1. 

The more important products trom this clam are boiled and dried meat ( "Niboshi 
Asartl't boiled and canned meat, and thick canned soups. Canned "Miso" soup made from these 
clams is prepared by utilizing the soft body of the clam after washing and boiling. The 
fluid resulting from the boillnJ is concentrated, "lIiso" (soybean paste) and the bolled 
clam bodies are added, and the PJ"oduct canned. Canned clam chowder is prepared from the 
soft bodies of the clam which have been removed from the shell, steamed, and washed . Cubed 
bacon, potato, onion, and tomato are· added. All this is boiled toge~,er for 10 minutes, 
flavored, and canned. 
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h. Poisoning b,y !. semidecussata and other Mollusks 

Poisoning by clams (M;rtllu8 edulis, !. californianus, and perhaps other spe
cies) has been reported from Jmarica and Europe where such misfortunes occur in midsummer. 
The symptoms are reported to be paralysis of the peripheral nervous system or of the re
spiratory center, the latter resembliog the symptoms found in Japan in cases of poisoning 
caused b,y eating the puffer fish (Sphoeroides spp.). 

In Japan the picture of clam poisoning seems to be quite diCferent as to both 
season and symptoms. !kiba (1949) has reviewed the investigations thus far made in Japan 
by Japanese scientists on the problem of clam and oyster poisoning and reported his own 
biological and chemical. fimings in this field. As the problem of mollusk pOisoning is of 
great importance, his report is briefly summarized is as follows: 

In late March 1942, an epidemic of mass poisoning by y. semidecuQsata cul
tured at the 1I0Uth of Hamana-ko (Lake Hamana) occurred in the vicinity of Ani, Hamana-gun, 
Shizuoka Prefecture. Out of 334 cases ot poisoning reported, 114 persons died. During 
March aoo April 1943, 16 cases of poisoning were caused b,y oysters harvested at H_\;llibehe 
and on the Shijo culture grounds near the mouth of Hamana-ko, and six persons died . In 
1949 poisoning by y. semldecussata again occurred in the same region, in Aral and Maizaka 
on Hamana-ko, and out of 67 cases reported three persons died. At about the same time 26 
cases of oyster poisoning and three deaths occurred in !rai. The lo-.. er death rate in 1949 
is attributed by !kiba to quicker diagnosis and better treatmant. Earlier cases of oyster 
poisoning were reported in Kanagawa Prefecture, where 54 persons died in Karch 1889, out 
of a total of 81 cases of poisoning from eating oyaters frOIll the west coast of the Miura 
peninsula, and three deaths in six oases followed eating of oyster s from Otawa-wan in P'eb
ruary and Karch 1941. 

The S&1118 type of poison was extraoted froll both V. semidecussata and from the 
oysters. After the poison was injected into dogs, cats, rabbIts, and IIice or given them 
by mouth, the test animals exhibited the aame sYllptons shown in cases ot hwaan infeetion 
aoo the same symptaDs were revealed in autopsy. This poison was not found in clams or oys
ters from other areas. In Hachibeise the poison was extracted from y. semidecussata, Os
trea ~ and Dos1n1a japonlca. It was not found in Meretrix lIIeretrix lusoria, Mactra 
veneritormis, Batlllaria sp. , or any other species of clam living in the same ares. 

The poisoning rate is low in 8Um118r and fall. It starts to rise in JanuaI7 
aoo reaches a peak in February and March, declining in April. No relation between the oc
currence ot the poison and either the breeding season of the species or the occurrence ot 
the -red tide ll (Cahn 1950) has been found. The poison is not distributed evenl,y through 
the body of the mollusk but is concentrated in the liver, and it is belieVed to be an ab
normal rather than a normal constituent of the an1ma1.. If normal clMs from other regions 
are transplanted to the Hacbibeise area, they become poisonou8 at the same time and to an 
equal degree as the native cl&llls. Transplantation of poisonous o1'sters to noninfected 
areas showed that the poison was greatly reduced in two weeks. Investigators have there
fore concluded that the poison is a result of local conditions. 

Work is still beiog done to deteziune the exact nature ot this poison; some 
of the chemical characteristics are known, but the exact composition is stUl unsolved. 
It has been named Venerupin, to distinguish it frOID N,ytUotoxin extracted from ivlytilus and 
Tetrodotoxin f'roIII the puffer fishes. 

2. lAeretrix meretrix lusoria (~ng) 
Japanese Name. Hamagurl 

a. Synonomy and Importance 

1798 Venua luaoria Roding, ill. BoltOD; 180 
1851 Cytherea lusoria Sowerby, Thes.conch 2, 620; pl 128, figs 40-42 
1851 C1'therea tormosa, C. meretrix. Sowerby, Thes Conch, 2. pl 129; figs 47, 48-50 
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'The hard clam Meretrix meretrix lusoria is the most cOllllllon of the edible bi
valved mollusks in Japan and plays an impJrtant role in the diet and economic lite of the 
people. Referred to in Japanese literature as Meretrix meretrix, it was separated tram 
that species ~ Kuroda (1947) who found i~ subspecifically distinct from that more tropi
cal form which is distributed along the coast of F01"ll1088, South China, the PhUippine Is
lands, and India. ~retrix meretrix lusoria is limited b;,- Kuroda to Japan Proper, whare 
it occurs abundantl,y in many bays and along the shore of the Inland Sea, where it is in
fluenced to some extent by brackish water. The species is commonly cultured on a fair~ 
large scale. 

In view of the confusl.on in nomenclature which exists in modero scientific 
literature the following outline of the synon~ and range of the five recognized Meretrix 
is given (Kuroda 1947), 

(1) Meretrix meretrix (L1nne) 
Meretrix castanea Lamarck 
Meretrix aonaria Lamarclc 
Meretrix ~phica Lamarck 
Meretrix morphina Lamarck ' 

Formosa, South China, Philippine IalaDds, India, etc 

(2) Meretrix meretrix lusoria (~ing) 
Meretrix formosa Sowerb,y 
Meretrix tusca Koch 

J span Proper (Honshu, Shikolcu, K,yushu) 

0) Meretrix (meretrix) }!etech1alis Laaarck 
Korea, China, etc 

(4) Meretrix (}!etecbial1a?) 1811arcld.i Desbqes 
Japan Proper (Honshu, Shikoku, lyuahu), Fomosa 

(5) Ueretrix ~ (Sowerby) 
West coast of Formosa, easter n IDdia 

b. Characteristics and Distribution 

Shell ovate triangular; anterior portion short, posterior long. Uabo swollen; 
lunule am escutcheon not conspicuous. Ligament black, short rut high. Surface Sllootb, 
covered with a semitransparent periostracUII. Color and color pettern hig~ variable (Fig
ure 8). Inner surface of shell almost white and pallial simla small. Cardinal teeth twO} 
lateral teeth two. Attains a length of 105 mUlimeters, a height of 76, and a widtb ot 47. 

The geographio d18tribution is shown in the Pront1ap1ece. 'lbe cl .. 18 abun
dant in water of lower salinity in bays and inlets trOll the intertidal sone, where it is 
exposed at low tide, to water 12 meters deep. 

c. L1 ving Conditions 

(1) Water Temperature 

As the species bas a wide r~ both horizontally and vertical~, it haa 
a wide teMQerature tolerance range. Higurashi (1934) giYes the temperature range as tram 
llOC to 28UC. Inoue (1938) found 25.500 to be opt1aua in his exper1.Jlents testing cUiary 
movement ot the g111 cells in relation to water temperature. He round that ciliary .ave
ment, which he took as his death indicator, ceased at a .tnt_PI temperature of 1.5OC and a 
maximum or 4100. 

(2) Salinity 

Higurasb1 (1934) found that a specitic gravity between 1.015 and 1.024 
W&l!l essential to a suitable habitat. ExperiMntlng with 1'OUDI shell. be foUDd tha~ the 
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young stages develop nearer to the river !Douth tha t do young Venerupis whUe the adults 
inhsbit deeper water. 'Ienerupis and illeretrix are two of the most important edible clams 
in Japan and are closely associated as to habitat. Higurashi found Meretrix to be stronger 
in its tolerance of both temperature and sali nity range than Venerupis. 

(3) Bottom 

lcho and Oshima (1938) show that a sandy mud bottom, composed of 60-80 
percent sand, is the preferred habitat. I nto this matrix t he clam burrows to a depth of 3 
to 13 centimeters according to the season of t he year, going deeper in wlnter than in sum
mer. 

Although this clam moves from pl ace to place by action of the foot, move
ment sometimes is accomplished by the extrusi on f r om the poster ior portion of the clam of 
a string-like adhesive material. According to Uchida (1940) this material is spun into the 
current and inclines upward; the body of the cl am is then carried along the botto~ ~I tidal 
current aided by this "balloon". This secondary type of movement was found to be prevalent 
during the summer, when the young clams were growing r apidly, especially during August. 
Observers agree that young (larval ) shells occur in the vicinity of the neap low tide level 
while the adult shel ls are foWYl mostly in the zone of the spring low tide level. 

d. Reproduction and Development 

(1) Egg and Sperm 

The gonads of both sexes are light yellow in color when the sex product 
is mat ure (Higurashi 1934). The eggs, according to Yoshida (1941), are spoon-shaped when 
i n the ovary but change in sea water to spherical with a diameter of 0.06 to 0.08 milli
me ter. The eggs are enveloped in gelatinous matter. The head of the sperm is asymmetri
cal, bei ng concave on one side. The head is 0.03 millimeter long and bears a long taU. 

(2 ) Spawning 

The spawning season for Mer e trix varies with the locality. According to 
Fuj imor i (1929) spawning in the Ariake area takes place from mid-May to mid-July, the peak 
of spawning being reached during June. .lcho and Oshima (19.38) place the spawning in gen
eral terms as between May and September . 

(J) Development 

Yoshida attempted artificial f ertilization and was successful in obtain
ing a few veliger larvae; he described the devel opment of the larvae (Figure 9). Twenty
four hours after fertilization the shell covered the soft body completely; the organism was 
then yell ow with a purple hinge line, the digesti ve system visible through it. One zygote 
attained 0.14 by 0.10 millimeter on the s ixt h day and 0 . 17 by 0.15 mUlimeter on the 12th 
day; a t whi ch t ime the organa within its soft body were almost completely formed . The size 
on the 17th day was 0.18 by 0.165 millimeter when f oot IIOvell8nt began. Death followed on 
the 20th day. During this experiment the water temperature varied between 24 • .3 and 30.2OC. 
Yoshida also was able to collect veliger larvae of thi s clam and b,y culturing these made 
the following observations. The collected full-grown larva was 0.18 by 0.16 millimeter; 
anterior edge a little sharper than the posterior; shell peak not expanded; faint tooth
like protuberances at both ends of the hinge line. Color faint yellow except for the pur
ple peak. Velum possessed a long fiagellWl. Two to six days were required for the full
grown veliger larvae to settie into the bottolll stage of its history. This benthic larvae 
was found seldolll to excrete a byssus. The color was transparent gray, sod clear ring lines 
on the shell accompanied its growth. The intE.rval frOIll f ertUization to the start of 1 ts 
benthic life was estimated at three weeks. 

27 



DEVELOPMENT OF CORBICULA LE ANA 

o 
I 

E 

K o 

Scale 
(A - J) 
0.1 0.2 0 .3 mm 

I ! I 

NATURAL RESOURCES SECTION 

28 

F 

J 

Scale 
(K-O) 

G 

o I 2 3 mm 
I I I , 

A OVUM AND POLAR BODY 

8-G CLEAVAGE 
H TROCH OPHORE 

1- J VELIGER 

K-O YOUNG SH ELL 



(4) Growth 

The growth of ~~retrix as found on culture grounds by Higurashi (1937) 
was as follows: length, one year, 2.0 centimeters; two years, 4.5 centimeters; three years, 
5.0 centimeters. After three years the growth rate is very slow until a maximum size of 
,about nine centimeters may eventually be attained at an unknown age. The growth rate of 
this speci~s after planting on the culture ground in Chiba Prefecture (Table 2) shows that 
growth stops during the winter when the water temperature falls below IDce and gradually 
increases as the temperature rises. 

e. Culture 

(1) Cul ture f'-ethod 

In Chiba Pretecture practically all of the clam production results fran 
artificially planted areas. The young clams used for seed measure two or three millimeters 
in length and are collected in a basket-type dredge having a lini~g of fine wire mesh which 
separates the tiny clems from the sifted sand. These seed clams ere obtained only 4fi shal
low water near mouths of rivers because the low salinity and abundant food supply produces 
better sets in such places. The baby clams are taken by boat to the culture grounds, which 
are the deeper water regions of river mouths or between tee deltas built by rivers; here 
they are spread over the bottom. According to Higurashi (1934) 0.6 to 3.6 liters of seed 
clams ere used to plant one square meter of suitable bottom, and the planting is done dur
ing April and May or in October. 

According to evidence trom the Fukuoka Fisheries Experimental Station, 
the survival at the time ot harvest is 25-35 percent of the number of clams planted. 

The young clams bury themselves almost at once and are then left to grow 
in their new habitat for from one to two years. When the clams have attained a marketable 
size of five to six centimeters in length, the beds are dredged and the clams removed and 
sold. The weight of a marketed clam is about three times the weight of a seed clam planted 
two years before. 

(2) Harvesting Method and Gear 

As Meretrix and Venerup1a are found together on the same beds and are 
harvested together, the same gear is used for both species. This gear has alreaqy been de
scribed in the discussion of Venerupis. 

f. Enemies and Damage 

The only serious enemy which Meretrix has in the Japanese waters is the large 
drill Rapana thomasiana (Figure 7) whicb may do considerable damage to young clams. Damage 
by ducks in winter is very slight because the seed generally is planted in lIay, after the 
spring migration from the area has taken place. 

Among the elements, wind, waves, and flood are natural enemies of the species . 
Occasionally IllUd carried by nooded streus suffocates the clams, but the damage is gener
ally less than that done to Venerupis because the ballooning" habits of Meretrix permit at 
least a limited degree of escape. 

g. Utilization 

Products (Table 1) include the following items: 

Dried Hard Clus The soft body is t&lcen out of the shell, washed, and dried 
in the sunshine. Often they are impaled in III series on small bamboo spits and sold while 
still spitted. 

Boiled and Dried Hard Clams The clam is boiled in salt water until the shell 
opens. The 80ft body is then removed trom the shell, washed, and dried in the sUDlfhine. 
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Boiled and Seasoned Hard Clam ("Shigure" ) 1 The .ott body is remoTed trom the 
sheil, washed, and boiled in fresh water flavored by ginger tor one Jlinute. It is then 
further seasoned by boiling in seasoning nuid for 15 Jlinut.es. Sugar, .alt, aOT, and .... t 
wine are used as condiments. 

Canned Thick Soup: The liquid whicb reuina atter tJw Sb1gure hard cLam bu 
been boiled is cooked and tilen c i.Dlled. 

By-Product Clam Ashl The emptT shells are piled in an aYen and beated. 

In olden times a game called "Kaiobi" involving abell. of Meretrix ID8retrix 
lusoria was very- popular among ladies of tile "bigher" olasses. A pair ot gold-lacquered 
octagonal boxes called "Kaioke" contained respecthel,y the separated right and left valv .. 
of 360 Meretrix, the number s;ymbolizing tbe day-s of the y-ear. The inner surface of eacb 
ValVA was decorated with a beautifully painted picture; the same picture appeared on both 
valves of one shell 'rut was not duplicated on any other abell. 

When the game began the person in charge opeoed the box conta1n1ng th J iett 
valves, removed 12 valves, and arranged them in a circle. Around this she arranged a sec
ond circle of 19 shells, contirruing the circles with 26, 32, 4IJ, 47, 55, 61, and 68 shells 
each, to complete the total of 360 shells. The nine circles represented the beliet beld 
by the Japanese astronomers that heaven consisted ot nine lay-era, one above the otiler. All 
sbells were placed with the pictured surface bidden, face down against tb1 noor. 

The plaTers tilen took their places around the outer circle, and the lceeper of 
tbe boxes took from the second box a single right valve whicb abe placed tace down in the 
center of the inner circle. Then eacb play-er in turn tried to lIatcb this lone abell. Aa 
all pictures were concealed the plaTers could guide their judgment only bT Jlinor variationa 
i n the shape, size, or color markings of tile valves. When a play-er suoceeded in matching 
two valves, anotiler right valve was brought out to be matcbed. The lad1 gaining the .oat 
matched shells won the game. As etiquette demanded modest decorum both in lIlUlDer and in 
speech, the game was considered to be bigbl,y moral and very genteel. Up to tbe tille of tbe 
Melji Restoration tilese boxes and clam shells were considered essential articles that the 
bride of the bigher social classes must take with ber to her husband's hODe. 

h. Regulations 

The closed season and size limit set by tile variou.s prefectures for this ape
cies are sbown in Table 3. 

3. Fulvia mutica (Reeve) 
Japanese name 1 Torigai 

a. Synonolll1 

1844 Cardium muticum Reeve, Conch Icon, sp 32 
1860 Cardium japonicum Dunker, Mal Blatt; 61233 
1261 Dunker, Moll Japanl 28; pI 3, fig 16 
1904 Cardium ~ Pilshr1, Proc Acad Nat Sci Pbila; 561 ;;7. p1 4IJ, fig 20 (immature) 

b. Characteristics and Distri'rution 

Shell considerably inflated and rather thin. Surface alllOSt Sllooth but with 
46-47 fine radiating ridges. Umbo smooth. External color 1ellowisb-white, grad1.og into 
pale pink at the UDIbo. Ligament short. Color of the inner surface reddiah, gradU&l.l.:r be
coming deeper in tone toward the margin. Cardinal and lateral tootil one respective4. Av
erage length 95 millimeters, height 95 millimeters, and breadth 63 a1ll1aetera (Figure 10) . 

This species is distributed from northeastern Honshu southward to l,7uahu and 
southern Korea (Frontispiece). Ise-wan and Osaka-wan .are notable regiona tor the !)rodue
tion of this species. 
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Living Conditione 

Detalled ecological studies pn the living conditions of this species are lack
ing, but the Hiroshima Fisheries Experimental Station reports (unpublished) that this cIa. 
prefers water tro. 6 to 40 meters deep over a muddy bottom in which the clam buries itself 
5 to 15 centimeters deep. In Hiroshima-wan this species occurs abundantly within a salin
it,. range ot 0.015 to 0.024, and within a water temperature range of frOID 7.5~ to 28~. 

d. Reproduction and Development 

(1) Spawning Season 

According to Yoshida (1940), the breeding season of Fulvia mutica occurs 
between JUDe and November on the southern coast ot Korea. The Hiroshima Fisheries Experi
Mntal Station reporta that the spawning season in Hiroshima-wan is believed to be from May 
to October. 

(2) DewloJDBnt 

Yoshida identified the veUger larvae of this clam, having obtained them 
from plankton samples. Indentification was possible through the characteristics of the 
prodissoconch. The shell ot the larva is very brittle, and its prodissoconch is clearly 
distinguishable troll the rest of the shell subsequently developed (Figure 11). The pro
d1ssoconch is 0.26 millimeter long and 0.24 to 0.29 millimeter wide, and the expansion of 
the Ullbonel region is notable. The length ot the prodissoconch of the fully developed ve-
11ger l&rYa is greater than its height, and the anterior edge protrudes and is more slen
der than the posterior edge. The color ot the prodi.soconch at this stage is brownish
yellow, with p1J'ple only at the umbonal .portion and along the upper edge. 

The tull.y grown veligers swill normally by means ot an apical plate, but 
sometimes th81 crawl around by means of the t107 toot. Yoshi<ia reared his veligers in a 
glass jar, at which time they measured 1.31 by 1.06 mil11lleters. When the veligers attain 
a length of 0.25 to 0.27 millimeter, they begin the bottom stage of their lite and attach 
to the wall or to the bottom of the jar by Mans ot the glutinous byssus, and the apical 
.pl.te disappears. The smallest young shell Yoshida has obtained trOll! the sea is 0.74 by 
0.68 1I1l11meter in size. 

The dissoconch, newly tormed during the early bottom lite, is granular 
on the surta.ce, which gives it a distinctly ditferent appearance from the prodissoconch. 
When the l~ae attain a length ot about 0.75 to 1.0 millimeter the radial stri&e begin to 
appear as two or three ainute tolds at th posterior portion ot the shell. This develop
Mnt contiDllea rapidly, and when the shell ls 8.0 millimeters long 46 radial striae are 
yuibl. and the young shell resembles the adult in all important features. Young shells 
are al~ tOUDd on aand7 bottom in shallow water, not on mud in which the adults find the 
opt1llua conditions. Yoshida believes that the benthic larvae bury themselves in the sand 
and attach thfDselves to the sand grains by means of their byssus. As they grow they move 
.1ow17 into d •• per water and seek a mud environment. 

(J) Growth 

The growth rate of Fulvia mutica to maturity (Fisheries Society, 1916, 
no locality, given) is as followsl One year, height 0.8 centimeter; two years, 1.5 centi
-terai tJlre. Y"&r8 {aature}, 3.0 centimeters. 

e. Harvest Method and Gear 

According to the unpublished report of the Hiroshima Fisheries Experimental 
Station (1949b) the harvesting season extends trom late December to May, the most profita
ble period being tram January to Yarch. The Hiroshima Pretecture Regulation Act tor the 
protection of breeding marine an1m&ls prohibits harvesting ot this clam trom 1 August to 
.. 0 Dec ber, but in neighboring Yamaguchi Prefecture no regulations ot any kind are in ef
fect. 
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The harvest is gathered by means of dredges. One type used success fully in 
the Inland Sea area, is shown in Figure 12. This gear normally is operated on IllUddy bo~ 
toms and is called "Dorogeta", "Ishigeta", or "Okoshi", meaning mud dredge, stone dredge, 
or ground-breaker respectively. It has two stones, weighing 7-8 kilograms, on the lateral 
angles of the lDOuth of the net frame. When the net is thrown onrboard (Fig 12, A-I) it 
reaches the bottom with the mouth of the net faee downward, literally standing on its head 
because of the structure of the net and weight of the atones. It 18 then pulled f orward 
by lRe&D8 of a rope 8tretched from the boat. It the net is pulled by hand it JUIlPS upward 
and forward, and when it falls back to the bottom the weight of the stones drives the teeth 
of the net into the mud (Fig 12, A-2,3,4), breald.ng it up and freeing the clus. They 
slide over the teeth into the IIOUth of the net as the net moves torward and so into the net 
bag. This jumping-digging process i8 repeated over and over again as the boat 1R0ves for
ward. As a result of the form of the Det and the method ot handling, c18lls are both dug 
and collected at each Jump. 

Two modifications are used in handling the dredge. One inTol",es a sailing 
trawler JIII1Dned by two to four fishermen. Tbis boat is not sailed but is permitted to drUt 
sideways, broadside toward tbe wind, and drags 6 to 10 dredges (Figure U, B). A '! ; ;::000 
modification, much more recent, involves the use ot a motor boat drawing two dredges (Fig
ure 12, C). Both of these moditic tions utilize the principle described for the handling 
of the single dredge, that of jumping, digging, and colleoting, owing to the weigh t ot the 
stones, their position, and the slightJ.y down-curved teeth on the mouth ot the dredge. 

f. Production and Utilisation 

Althougb not actually cultured, this is one of the most widely utilised edible 
clams of Japan (Table 1) and has been included among the cultured speoies in this report 
f or that reason. It i s otten called the "bird shell" by the Japanese because of the 8Wee~ 
ness of its meat. The fresh meat is used in making "Sushi", a rice ball having a slice of 
clam meat on top. The meat also is dried and canned. The palatability is best in spring. 

4. Anadara (Scapbarca) subcrenata (Lischke) 
Japanese D8IlI8: Saru~ Mirokugai, Magai 

a. Synonoll,}" 

1869 Arca subcrenata Liscbke, 
1869 Arca subcrenata Lischke 

-as "nodosocrenatan ) 
19()) Area kagoshaeneis T 

Mal Blatt, 16, 107 
Jap Maer Conch 1, 146, pI 9, figs 1-.3 (Name Printed on plate 
~~. , . , .. 

? 
ga, Jour Coll Sci Imp Univ Tokyo, 21 (2): 59, pl .3, figs 2la, b 

? 

b. Characteristics and D~tribution 
.,;fL 

This species be~se resemblance to allied species ot the genus , espe
cially to Anadara ~anosa bis~geaa1~ and !. broughtoni (Figure 13). The shell is almost 
oval, inflated in shape, thick; an'd robust. Each valve has 32 or J3 radiating ribs. The 
lett valve is sllghtJ.y larger than the right and bears minute granules on the ribs which 
are lacking on the ribs of the right valve • . The outer surface ot the shell is pale brown, 
covered with coarse hair; the inner surface is white. A bySSU8 is present near the foot. 

The northern limit of the species in Japan seems to be Tsugaru- kaikyo between 
Hokkaido and Honshu. From here it extends southward on the Japan Sea coast to K,yushu. On 
the Pacific coast it is distribut6d tram ifiyagi Prefecture southward to the Inland Sea. It 
is tound also along the entire coast of Korea. The principal production centers are Naka
noumi in S~e Prefecture, Kojima-wan in Ok~ama Prefecture, Shimane Prefecture, to whicb 
it was introduced first Ariake-kai along Saga Prefecture, and Tokyo-wan. 

c. Living Conditions 

This clam inhabits brackish water which 1s usually abundant in eel grass Zos
tera marina, and in this respect resembles Anadara granosa bisenensis. The Japanese ~ 
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"Mogai" (l1ter&ll1. "seawMd abel.l..f1ab ll ) is due to th1e DC 1& t.ionwi to 
wbich the spat attacb. 

P'ujiaorl (1929) showed that the opt specUlc grarlt1 tor tb ap 18 
1.<l220 to 1.0235. A sandJ"-mud bottom containing 50-80 percent sand La 
preseoce ot substances tor .attachment, such a3 sea ed a de sh.1l ., 1 
1I0rl reported this olam a8 abundant on the l.r1ake-lcal Udal fiats ra.ng1 b'oa 0 to 2 
terse However, the clam lives bes t in water from 4 to 20 _tar , the aha.ll tar l.1..a1t 
being about one DIeter at l ow tide ( lebo and OshiAa 1938). 

d. Reproduction and Devel opment 

(1 ) Spawning 

When mature the ovary is reddIsh 10 color, the testi llorlah (FuJi-
.ori). Tbe egg is 0.05 m1.llt.meter in diameter Hlguruhi 1934). The l1t.rature doea not 
mention the spermatozoa. 

FUJimorl (1929) f irst reported the spawning .. sson, s~ that in the 
Arlake-k.&1 it occurred between early July and early October, rlth the peale !'rOIl the nd at 
July to the end of August. At this ti.llle the water te~rature ranged !'rOO! 22.0OC to 28.SOC. 
More reoently lcho and Oshima (1938) and 0.a1d (1942) reported the breeding .. SOQ !'r 
July to September. Higurashi (1934) described it as !'rom August to Sep her. 

(2) Developll8nt 

Following fertUization the zygote sinks to the bottom and atta.obea i 1",

selt to the seaweed or to other objects by its bys8US. They separats th hes !'raI th1a 
temporary attachment about one year After hatcbing and bur7 t.heuelves in the d at th 
bottom. Yoshida (1937) traced the development of the species and identified tbe vel r 
by tracing back the prodi8sooonob on the umbonal portion o~ the young abell. He coll..,t.d 
samples by plankton net at Nakanoumi, Shimana Prefecture, which is • br .. d1.ng groo.nd at 
this speoies. In raising the larvae no special food was added to the a.quar1UJ1. The aall
est vel1ger traoed was 0.11 by 0.09 millimeter . The tully grown veliger asured 0 .28 
X 0.20 to 0.30 x 0.22 m1.1l1meter (Figure 14). Yellow in color, 1 t bad • f .. br1atl 8 and 
about 10 nearly conoentric lines on its IlUrtaoe. In the laboratory it b7 M4nS at it. 

DEVELOPMENTAL STAGES OF ANADARA SUBCRENATA 

A B 
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apical apparatus or crawled by u.1ng its toot, or .ometime. attaohed to t.M botta. .. terW 
by its byss"'. The apical plate graduall,y disappeared, and the larva began i t. benthic 
life attached to the bottom by its by •• us and .eldom crawled around. The dlJlenalona at 
this stata were about 0.28 x 0.20 to 0.)2 x 0.22 lI1.ll1Mter. The nliger l arva ot A. eu~ 
crenata resembles that ot the olo.el,y related A. broughton1 but can be dl atingui shed tit 1 ta 
sharper Wllbo, smaller number ot ooncentric line., and larger .he. The nn dia.ocoocb .hlch 
is formed after the larva has entered into it. benthic exiatence ia gray in color and du
tinct from the prodisaoconch . When the young .hell attained a length ot aboQ t ODe .11.11-
meter, the radiating striae IlWIIbered about 30 anel the shell a0e. :ired the in characterb
tics of the adult. Young shells are tound attached to .. aweeds , 8ryosoana, dead allelh, 
and other available objec ts by _an. ot the bjUIU untU they enter their benthic Hte aDd 
bury themselves 1n the mud. 

(3) Growth 

'lbe growth rate ot cultured Anadara aubcreoata in the fir.t e1gtlt IIOntha 
atter sowing was detenined at the O~ fisherie. P.:xper1.mental Station (Table C) . The 
later development ot the claa (Table D) .as deterained by the FUkuoka flaherie . or ta.n -
tal station. In a oOllparison ot Table. C aDd D, the .iI IIOntM' ditterenoe 10 the sowtnc 
period should be noted. 

1ujiJDor1 (1929) and Higuraahi (1934) de.cribed the g:r th r ate a. ahown 
in Table E. FuJilIlori reported the length o! lite at about eight or nine YMrS with a a&X

!mum size ot 8.3 centimeters in length and 6.2 centimeters in height ( Figure 4) . 

TABLE C. - GROWTH C8 A!WWtl S~REN1U DURIl«l FIRST EIGHT ..:>1miS 
~cenU-ter.l 

'-rag. An rage 
Date Lell(th He 1&bt 

20 Apr ~ 1.30 1. 20 
14Jun 1.60 1. 40 
14 Aug 2.58 2.18 
22 Oct 3.2.4 2.64 
14 Dec 3.JO 2.65 

AI Date ot sowing 
s:lUliCEa H1gurasb1.t al (1937) 

TABLE D. - LATER GRQ'I'TH TABLE E. - ADULT QRDI1mi 
OF ANDARl SUBCRENll'A UTE OF ANADAR! SUB::RENlTA 

Months Shell Shell 
Uter Length Weight 

Date Soring (ClI) (gru.) 

Age Le rwt.b ( CA) 

(,.ea.r;') 1u,jt..ori Higuraabi 

1 2. 0 2.8 
Oc~ 1912 0 3.53 6.8 2 3.8 4.0 
IIa1' 1913 7 3.80 10.9 
Feb 1914 15 5.~ 26.6 

3 5.4 5.0 
4 6.3 6. 0 

liar 1915 28 5.84 41.6 5 7.6 HD 
6 8.3 RD 

SOOBeR, H1guraebi et al (1937) 
NO, No data anliable 
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e. Culture 

(1) Culture Methods 

The culturing on this clam is limited to seed collecting and transplant
ing, Nakanoumi in Shimane Prefecture being the center of the seed collecting activity. 
Here about 12,000 hectares of tidelands in .aho-wan are utilized for that purpose. This 
bay is connected to the sea b.Y a narrow mouth and has an almost flat bottom covered by wa
ter up to eight meters deep, affording an ideal environment for the clams. The bottom is 
a gray-green mud about 1.5 meters deep, overlaid b,y a yellow-brown stratum composed mostly 
of decayed vegetation 6 to 16 centimeters thick. 

Experimenting with planting seed of A. subcrenata, Higurashi (1937) rec
ommended that 3 to 8 aho of seed having a length of 2.0:2.5 centimeters be planted per 
taubo. This idea was modified by Oshima (1938) who recommended that from 500 to 600 sho 
of seed 6 to 9 millimeters in length be planted at the rate of 2.3 sho per tsubo. He ob
tained better results by planting more of the smaller seed clams. The planting season is 
August and September. Because of the difficulty involved owing to the depth of thd water, 
neither experimenter gives figures as to the yield per unit area derived !'rom their re
spective methods of planting; as A. subcrenata is not a shallow water species like.!. gra
nosa bisenensis making an accurate count within definitely known boundaries proved impos
sible. 

Wor~ing on the problem of raising !. subcrenata in Okayama Prefecture on 
the Inland Sea, Icho and Oshima (1938) ~ncountered areas heavily overgrown by seaweed which 
were in other respects good grounds for the species. Using a German aquatic weed-cutting 
machine mounted in a flat-bottomed boat, they mowed a portion of the area, cutting the sea
weeds flush with the bottom. They then planted areas of three different types with seed ot 
the clam, using the same DUllber of seed per unit area in each type of environment. They 
found that the growth of A. subcrenata was poorest in the nondisturbed weed area, and best 
in the area tree of eaaweed. They also found that the mowing of the dense weeds greatly 
improved the growth rate, presumably b,y permitting a freer flow of current and the con
sequent increase of aftilable food for the clams . The clams averaged 1.48 centimeters in 
length when sown in April. By aid-October, their average lengths in the three environments 
wertH no seaweed, 2.67 centimeters; mowed seaweed, 2.47 centimeters; heavy seaweed, 2.27 
oentimeters. 

(2) Harvest Method and Gear 

Freshly planted areas are left undistv.rbed by immediate harvesting oper
ations which reach their peak in April and May. The dredge used is "Mogai~i" (~seaweed 
shellfish dredge") which is a slight modification . of the koshimaki or hand dredge. The 
mouth of the dredge is triangular with a wooden framework of beams 0.8 meter long at each 
aide and an iron beam armed with 25 teeth 18 centimeters long at the bottom. To this frame
work is bitted the net, and from the framework a wooden handle 8 to 10 meters long extends 
directly upward. The net is made of hemp string, with a mesh of 1.7 centimeters. 

Two fishermen man the boat on the fishing grounds. One pushes the boat 
backward b,y means of a long bamboo pole, and the other works the net, keeping the teeth of 
the net in the bottom IllUd and regulating the depth of digging by means of his handle. As 
the boat is poled along, the man in the stern who handles toe dredge works it from side to 
side and forward, scooping up the clams as slow forward progress is made. 

t. Enemies and Damage 

As this clam inhabits relatively deep water (deeper than that in which !. ~ 
~ bisenensis is found) the damage by elements-- cold, heat, and rlood--ia relatively un
important. 

Among the animals which prey upon ~ 8ubcrenata can be listed ducks, octopus, 
crabs, and drills. 
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Among the ducks, the "Magsmo" (Anas ~l&tyrhynohos ~latyr~Chos) and "K1ku
rohaj iro" (~ fuligula) are the most important predators, oaus1!1g8IDage from ear~ 
December to late March in Okayama Pr efecture. They feed at night, and i n the shallower 
portions of the waters where this speoies i s found the ducks can prey upon the maliuska 
without reference to tidal conditions. Investigation has shown that each duck consumes 
an average of one go of young clams per day. Once the duoks find the clam area they be
oome regular viaitors. 

Both the common octopus ("Madako", PolyPUS vulgaris ) and the smaller "Iidako" 
(P. ~siao) prey upon the clams from late March to l&~ October. The blue crab (Nep
tunus trltuberculatu~) (Figure 15) becomes an eneD'G" during the late autumn, feeding on the 
smaller shells, most of them newly seeded. Protection against the crabs is afforded b,y 
spreading a net around the culture grounds. 

The gastropod drill Harana thomasiana attacks from late March to late October. 
Another snaU, ~ maculosa, does most or its damage during the rainy season. Yet an
other harmful mollusk is the bivalve Brachydontes senhausl1 (Figure 7), which autrora.tea 
the clam by secreting a thick mass or b,yssuu over the bottom. 

CRUSTACEAN ENEMY OF CLAM CULTURE 

Neptunus trituberculotus 

~ Sea Ie 2.5 cm , 
LOin 

NArURAL RESOURCES SEer/ON Figure 15 



g. Utilization 

This clam commonlT is sold tresh and alive in the markets throughout Japan, 
but the meat also is sold bolled and dried when removed from the shell. Drying 1s alWa.Y8 
accompU shed by hanging or spreading the meat in the sun. 

5. Anadara granosa bisenensis Schenck & Reinhart 
Japanese name: Haigai, Fukurogai, Mogal, Chinmi, Unegai 

a. Synonomy 

1938 Anadara granosa bisenensis SchencK & Reinhart, »em Mus Roy Hist Nat Belgique, (2) 14: 
44; pI 4, fig 2; pI 5, fig 1 

According to Dr Kuroda this Anadara may be retained as a local race of ~ 
~ from which the present form is probably transitional.~ 

b. Characteristics and Distribution 

SimUar to A. subcrenata but bears 16-17 nodular radiating ridges. 
area very wide and rhombic in shape. Both umbones swollen and widely separated. 
on the ventral margin ot the valves are comparatively strong (Figure 13). 

Ligamental 
The folds 

Tbis clam is distributed in southwestern Japan, the important culture grounds 
being Kojima-wan in Oka.Yama Prefecture and !riake-kai in Kyushu. It is living today also 
in Ise-wan. It has been identitied from kitchen middens in northern Honshu (Groot, 1951). 

c. Living Conditions 

'Ibis clam prefers warm water and inhabits areas where the water is calm and 
approximately two to four meters deep. It buries itself about 26 centimeters in a IlUddy 
bottom. Incoming fresh water is desirable. Optimum conditions for larval occurrence are 
a lack ot algae, exposure of the ground at low tide, an admixture of fresh water, and the 
bottom matrix composed ot IlUd at least 0.3 meter thick. Growth is most rapid in sheltered 
bays having entering fresh water and a good t idal current, where the water is 2.5-3 meters 
deep at high tide but exposed at low, and where specific gravity is 1.008 to 1.014. A mud 
superstratum at least 1.5 to 2.0 meters thick is desirable (Icho and Oshima 1938). 

d. Reproduction and Development 

(1) Spawning 

Almost nothing is found in Japanese literature regarding the lite his
tory of this clam. H1gurasbi (1934) states that tbe eggs have a diameter ot 0.09 millime
ter and that tbe gonad of tbe male is pale yellow while that ot the temale is pale red. 
lcho and Oshima (1938) give the spawning period as covering Ju~ to September. 

(2) Growth 

One-year-old clams have a length of 0.5 centimeter. Growth continues as 
follows: two years old 2.0 centimeters; three years old 3.0; tour years old 4.2} fiveye&ra 
old 4.7; six years old 5.3. The maximum Ufe span is said to be about 10 years, and the 
greatest length attained is about seven centimeters (Kojima Shell Culture, Ltd, 1903). 

e. Culture 

(1) History ot Koj iDIa-wan Culture 

For many years naturally grown !. graDosa bisenensis have been harvested 
in Kojima-wan, Oka.Yama Prefecture. It was in 1859 that lchisaburo and Yoahisaburo Maeda 

21 For a full synono~ of some 60 titles see Prashad, B~ (1932) Siboga Expedition Lamelli
branchia. 
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tried to rear this clam for the first time, following the general pla n used in oy ter cul
ture as practiced in the same bay. Their results were exoellent froID the s tart, and tber.-
after clam culture was undertaken by many people until in 1869 it dev lop in the pr in-
c i pal business of the whole bay area. In 1873 Iohisaburo Maeda began exporting the cul-
tured Anadara to China, and his suocess in this venture further p d th v lop ent 
of the culture industry. But the rise of exoessive competition amon th oulturi ts 
to sell to China, combined with ~be increasing difficulties of getti adeq te s d clama 
to keep up the required supply, proved a serious handioap to the individual ers. In 
1885 Mototaro Fuj iwara organized /lD association to oontrol oompetition and to consolidate 
the industry, and in 1888 he organized the KoJ ima Shell Cul ture Co which had a c plete 
monopoly on the olam production of Kojima-wao. 

Sinoe the early days of the Neij 1 Era (1868-1 12) to fUl in 
Kojima-wan had been under oonsideration. !tter DUI1Ierous surveys th area w a d1vided io~ 
regions and the worle of fUling was started in 1899. Despite peated pro a t ll by the fish
ermen in the bay area the work of reolaiming the land went slowly rut steadlly torward . 
The XoJiIIa Shell Culture Co fought t.he project oona1atent~ but at th a t ' worked io-
tensi'Yely on the denlopllent ot culture methode for !. g~ biaenensia. !.. s ub:: . ta 
fro. Shiaane Prefecture and Sinonovaeula oonstricta fro Saga Pref ture were transplanted 
into IoJt.&-wan /lDd their culture intensive~ undertaken. 

However, difficulties aoon began to appear. '- the tU in continued , 
not only were the culture grounds slowly reduoed in area yeu after ye r, t those gr a 
which remained under cultivation were adversely affected by the neuby c gee in nTiroo-
unto The tidal now was reduced, and the deposition of mad began to prove an inslU"llOUnt
able handicap. The culture of ~. ~aDOSIl bisenensis in KoJiaa-w should finally aban
doned in four or five years, aocording to the progress ot the work. The p gr as ot re 
cla1m1ng the bay and the consequent reduction 1n area avallable tor cla. cul tun, aocording 
to the Inland Sea Fisheries Experimental Laboratory, 1950, was as tollows I Region 1 (1 
1905) and Region 2 (1899-1912), 1,765 hectares} Re~ions 3 a nd 4 (1912-35), 1,215 tares ; 
Region 6 (1913-4l), 925 hectares; Region 7 (1944-1), 1,658 hectares . 

The culture activities in KoJiJDa-wan consisted ot two pha 88, the rais
ing of seed c18111s and the culture of adult clalls. Both were under the control of the K~ 
Jilla Shell Culture Co, and the seed elus raised by one braDcb were pureh&s~ by the co .. 
pany tor Wle of the second branch. The output ot KoJiM-wan in tens ot aeed produced and 
annual barnst is ginD in Table 4. 

(2) Culture Methods 

This Anadara ia cultured only by the SOwing Il8tbod. SUitabl eultur 
condi tions are described by lebo and Oshi.. (1938) as requiring an area tree of a lgae J ex
posed at ebb tide, /lDd having an admixture of f resh water and a soft botto 15 to 30 centi
meters in depth. The seed clal!a are collected during September and October, at whic h ti 
they are approximately two IIIOnths old and vary in size trom 10,000 to 50,000 per sho o Ap
proximately 2.1 kolru of seed averaging 40,000 to 60,000 per sbo are planted per tan. The 
relation between the size of the shells and the number per sbo is as follows (Higuraabi e t 
~ 1937)$ shell length 6.6 m1l.liJDeters) 40,000 per sho; 9.9 1IIIl, 12,000 per sho; 19 . 8 mm~ 
1,000 per sho; 33.0 II1II, 200 per sho; 46.2 IDIII, 120 per shoo The standard 8II0unt or seed to 
plant per tan in Kojima-wan varies with the size of the seed c1811s. This relationship i s 
shown in Table F. 

TABLE F. - SE.ID OF !NADmA GRANOOA BISENENSIS PLANTED 
{pe r tan} 

Thousand Sho Planted Thousand Sho Planted Thousand Sho Planted 
per Sho per Tan per Sho per Tan ~r Sho ~r Tan 
80-100 llO 9-20 300 1- 3 1,200 
~ 80 150 7- 9 600 0 . 8-1 1,350 JJJ- 60 no ~ 7 750 
20- 40 240 J- 5 900 SOURCE, Higurashi et al (1937) 



When gathering seed clama the fishermen go to the seed culture grounds 
in slll&ll boats. While the tide is out tl-", fishermen work on nat, wooden, eJd.-l1.D sleds. 
Kneeling on the board, they push thelll8elves along through the mud and shallow water with 
one foot (Figure 16') and collect the seed clams by means of a short rake (Figure 168). 
The gathered seed are placed in a bamboo basket on the front of the sled, and the .ud and 
dirt removed frOM them by washing in sea water. 

COLLECTI NG GEAR FOR 
BISENENSIS ANADARA GRANOSA 

IN OKAYAMA PREFECTURE 

~~------------------- 380cm~------------------

B 

A 

~----------------------------- 220cm----------------------------~ 

NATURAL RESOURCES SECr/ON 

Figure 16 

For sowieg the seed on the culture grounds a fiat-bottomed boat called 
"Hiratabunen is used. This is manned by three fishermen, Olle of "hom poles the boat along 
slowly over the rearing bed while the other two men scatter the seed by lIeans of a metal 
or wooden scoop, ODe operating on each side of the boat. Experienced sowers are able to 
plant rather accurately the amount of seed desired per unit area. They watch the environ
ment carefully; it' they encounter protected areas where the current is sluggish or areas 
of sand, they reduce the amount planted because growth will be slower owing to the less 
desirable conditions. 

The seed is left as it falls during the tirst year. In the following 
spring the bed must be thinned according to the growth of the seed. This is done usua1l.7 
twice a year, in spring and fall, but it' the crowding is not too dense it 1s undertaken 
only in the spring. A portion of the crop is removed and replanted in another bed. Thus 
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the rearing ground gradual ly is increased i~ area. This me t hod i s called "Tokogae" (bed 
changing) , uWakidashi" ( sow out) , or "Teire" (tr eatment) . 

When the clams reach a size equivalent to .300 per sho a final t ransplant
ing is undertaken, to somewhat deeper beds which are washed b.1 a m~re rapid tidal current. 

(3 ) Harvesting ~!et.hod and Gear 

The harve3ting season is during the cool weather, f r om autumn to spring, 
but as the clams are most palatable in coLi weather the peak of harvest occurs during the 
winter. A odified hand dredge called a "Mizuagetamo ll is used for harves t ing (Figure 16a) . 
This woven metal basket net has a seri es of steel teeth a t the lower edge of the mouth. 
The net is attached to a wooden handle four to six meters long. One fi sherman operating 
a boat handles the gear. With the boat anchored , the fisbennan reaches out as tar as pos
sible in setting the net. Placing the handle on his shoulder and both hands on the handle 
he forces the teeth to penetrate into the bottom matrix frOI'J 15 to 20 centimeter s. He then 
works the net toward the boat. "hen the net is alongside the boat it i s raised and shaken 
vi60rously to wash out the mud and dirt . An ave age harvest by this method is fro:::: L5 to 
40 liters of C18lll8 per hour. 

r. Enemies and Dama~ 

Among the environmental enemies of this species can be listed the red tide, 
floods, and excessive heat and cold. Floods result in lower salinity, severe heat raises 
both the temperature and the sal inity, and cold produces a reverse effect. 

Among the animal predatol'5 ducks, which come to feed on the clams from late 
autunn to early spring , are said to cause considerable loss. Among the fish the sea br eam 
Sparus swinhonls and the Gobenoid fishe s Taenioldes rubicundus and Boleophthalmus pectini
rostris, and the blue crab Ne.J1.~\glus trituberculatus prey upon the clams. If the sea bream 
beco:ne too abundant a gill net is spread around the culture area to exclude them. Mollus
can enemies include the drill Rapana thomasiana, Natica maculosa, and Br achydontes senhau
sii. If abundan t this latter mollusk interferes with the burying activities of the clam 
by spreading its thr9adlike byssus into the bottom matrix, making ~-rowing almos t impos
sible. 

g. Regulations 

In Saga Prefec~ the closed sea son is from 1 August to 30 September and the 
&hell size is limited to animals larger than five 00. The regulations prohibit possession, 
sale, or collection of the species during the closed season . 

6. Mactra sulcataria Reeve 
T ?an9se name: Baltagai 

a. t.. ....nomy 

1854 (~ch) Mac~.·a sulcataria Reeve, Conch Icon, sp 5 
1854 (June) Wactra sulcataria Deshayes, Proc Zool Soc, 21 (185.3) 
192 Tomlin, Jour Conch J 17 153 

b. Characteristics and Distrirution 

Shell very similar in form to that of i.leretrix meretrix lusoria but more frag
ile, nollen, and considerably thinner. Concentric-ridges gradually bec'ome- clear near the 
"ntral portion . Surface covered by a yellowish-brown P'lriostracum. Several darker bands 
radiate fro the Ullbo to the margin. Interior white, with a t1n.5e of purple a t the beak 
cavity and along the dorsal margin. Few lateral teeth, two on the right and one on the 
l ett aid •• YaxiIll!XB! she about 12 . 5 by 9.6 centimeters (Figure 17) . 
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The species is distributed abundantly in 70kyo-wan} Mikawa-wan, and in the In
land Sea but is uncommon in the Japan Sea. This distribution is shown in Frontispiece. 

c • Living Condi tiona 

lcho and OahiJDa (1938) have determined the environmental conditions needed 
tor the suitable growth of thia clam. The water must be relatively calm, with hardly any 
admixture of fresh water. The bottom must be rather flat and soft, to enable the clam to 
dig down 10 to 25 centimeters, sandy in composition but with 5-20 percent of mud mixed with 
it. The specific gravity range is from 1.020 to 1.026, the optimum being from 1.023 to 
1.024. The clam rarely is found in water with a salinity below 1.015. Water from two to 
six meters deep at neap low tide is optimum. 

d. Reproduction and Development 

(I) Egg and Sperm 

Miyazaki (1936&) reports that t he ovum is pear-shaped when frear:.l ex
truded from the body but that it rapidly changes to globular with a diameter of 0 .55~ . It 
is surrounded by a jelly envelope 12 }l th ck. The germinal vesicle is about 30 }1 in diam
eter and contains a large and a small nucleus. The spermatozoan is very motile when freshly 
discharged from the testis. The head is conical and the middle piece consists of several 
chondriospheres. The gonad of the male at the breeding season is reddish in color, that 
of the female faintly yellow. 

(2) Spawning 

The spawning season varies somewhat with locality. According to Miyazaki 
(19)6b) spawning lasts from late April to late autumn in Tokyo-wan. Icho and Oshima (1938) 
report that it extends from February to September, with the peak of spawning in March and 
April. Hanaoka and Shiaazu (1949) state that the peak of the spawning season at Urayasu, 
Chiba Prefecture, occurs in Yay and June, and that the clam becomes mature at the age of 
one year. 

(3) Development 

According to Miyazaki (1936&) the polar lobe is nat visible . At the time 
the eight.-cell stage is reached the embryo begins to rotate in the sea water by means of 
its fine cUia. The apical cilia are rather conspicuous during the early stages of devel
opllent, but they can DO longer be seen i n the shelled larva stage. Young she:.led larvae 
which stUl contain abundant yolk granules .measure about 80 ~ in length, &J).1 in height, 
and 54 ~ along the hinge line. When the shell is about 93 ~ long and 78 ~ high the growth 
lines are distinctly observable. At this stage the color of the shell is light yellow, 
deep yellow along its margin, and purple along the hinge. The yellowish liver can be seen 
through the shell. Asymmetry of outline becomes obvious when the shell is about 132 p long, 
and the posterior end is more strongly curved than the anterior end. When the clam attains 
a length of about 140 Jl the umbones begin to project. Teeth are seen along the hinge of 
the shell which assUlled a IlUch depressed oval form when about 163 Jl in length. The largest 
individual embryo raised by Miyazaki measured 177 Jl in length and 166 Jl in height. 

Miyazaki (1933) also reports the effect of temperature and salinity on 
development of the eggs of this clam. Matured clams were collected from tl:e coastal water 
ot Kanaza .. city, Kanagawa Prefecture, and artificially fertilized in the laboratory. 
Growth occurred within a temperature range of 16"C to 32OC, the optimum being between 220C 
and 280C (Figure 18). The formation of the larval shell was accelerated by higher temper
atures up to )DOC but was retarded above that t emperature. The percentage of abnormalities 
among the larvae vaned inversely with temperature. Development of the larvae was possible 
in salinities ranging from 1.019 to 1.036, but the optimum development occurred within a 
salinity range of 1.024 to 1.032. 
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TABLE G. - GROWTH OF YAPTR4 SULCATW4 (4) Growth 

Age 
(years) 

1 
2 
:3 
4 
5 

(centimeters) 

Shell LelUl:tb 

3.3 
4.8 
6.4 
8.2 
9.7 

Shell Hei2ht 

2.3 
4.2 
5.2 
6.0 
6.7 

The average growth of Mae
tra su1cataria (Higuraahi 1934) is shown in 
Table G. AccordiDg to Hanaoka and ShiIlflZU 

(1949), in Urayasu, Chib8 Prefecture, this 
clam measures less than one centimeter in 
August, reaches a length of five centi
meters in December, and thereafter grows 
very slowly. 

A bottom composed of a 
SOURCEs Higurashi 1934 mixture of sand and IllUd which is influenced 

to some extent at least by fresh water is 
recognized as best suited for the develop

aen~ of the young Yactra sulcataria, but subsequent growth is found to be poor under these 
conditions. Therefore young shells propagated in such places IllUst be transplanted to other 
grounds having a higher ~lni ty, where they are harvested in from one to three years. 

e. Harvesting Gear 

This clam is harvested in Chiba Prefecture from DeceDIber to March or early 
April. The gear uaet\ il! practically the same as for !sari (Venerupb semidecusseta) and 

47 



Hamaguri (Meretrix meretrix Illsoria). In Futtau, Chiba fr f otu"" a p oul 
(Figure 19) is used. Here the edges of the teeth ar conneoted, od th an 
is controlled according to the hardness of the bottom. 

on dredge 
of b tee 

DEEP WATER DREDGE USED IN CHIBA PREFECTURE 

45cm 

, , 

NOTE uSED FOR MERETR I ~ AN a MA CT RA 

NATUI?AL I?ESOUI?CES SECTION 

Figure 19 

f. Enemies and Damage 

Any sudden ohemical or physical change in water condition or properties cau..es 
damage to this clam, expecially to the young, which are rather delicate. 

A host of animal enemies attack the pelagic larvae and the young clalla Ju.t 
after settling do~n. They ere fed upon by fishes such as the gobies, thread herring, 
flounders, and Enedrias nebulosus and by varioua shrimps. starfish, ootopus, drill s (Ra
pana tholllf\siana), and the snails Po nices ~ and ~ III&culos are natura l 8neal .. 
the adult clams (Ioho and Oshima 1938 • 

g. Utilization 

The meat of Motra sulcat&ria is sweet , and it is one of the IIOre dalectable 
of the Japanese clams. The clams are sold on the public market either raw or dried in the 
shell after boiling. The adductor muscle is especially flavorful and is prepared as .te. 
pura" (fried in deep fat) or canned. The shells are used tor ohicken tood and fertiliser 
after being piled in an oven, heated, and cruahed into shell ash. 
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b. Regulations 

In areas having regulations for the barvesting of M. sulcataria, the closed 
season is determined by local fisheries associations. The closed season for various pre
fectures (Bureau of Fisheries 1938) is as follows: Wakayama, ~ Jun-JO Sap; Hyogo, 1 Apr-
30 Sep; Ebime, 1 Apr-30 Novi TOk~sbima, 1 May-~O Nov. 

7. Mactra sachalinensis Schrenck 
Japanese Name, Hokkigai, Ubagai 

a. Synonomy and Importance 

1861 ldactra sachalinensis Schrenck, Bull Acad Imp Sci, St Petersb, 4(4) I 412 
1864 J4actr~ luhdorfU Dunker, Mal Blatt, 11:99 
1867 Schrenck, Moll Amurl.1 575, pl 23, figs 3-7 
1882 Yactra straminea Dunker, Index Moll Mar Japan: 183, pl 7, figs 5,6 (non Lamarck) 

Yactra sachalinensis is an important edible clam in the northern reg~ons of 
Japan, ranking with Pecten yessoellsis. 

b. Characteristics and Distribution 

Shell ovate, thick, inflated. Outer surface smooth at umbo but with irregular 
growth lines on other surfaces. Shell covered by dark brown perlostracum except at umbo. 
Inside of shell whitish, beak cavity deep. Pallial sinus elliptical. Tooth bard and low. 
Reaches a maximum size of about 100 millimeters in length, 85 millimeters in height, and 
55 millimeters in width (Figure 17). 

This species inhabits suitable environmental areas between Hokkaido and Chiba 
Prefecture on the Pacific coast of Japan, and between Hokkaido and Toyama Pr)fecture on the 
Japan Sea coast. 

c. Living Conditions 

This species lives in rather cold water which faces the open sea and which is 
not influenced b,y incoming currents of fresh water. It lives in 8 sandy-~d bottom where 
the water is shallower than three meters. According to Kinoshita ~ al (1935) the composi
tion of the bottom is optimum for the species when it contains 30-80 percent fine sand, and 
unfavorable when there is more than 70 percent mud or more than 40-50 percent of medium 
coarse sand. 

According to Kinoshita and Hirano (1934) the lower temperatures are best if 
this clam is to survive out of water. When exposed to air the weight decreases gradually 
until the animal dies; this death point is the loss of 25 percent of the body weight. The 
length of survival at various temperatures is important in relation to transportation and 
marketing. Experiment has shown the following survival periods, at 27.5OC, 34 hours; 
19.2OC, 49 hours; 10.3OC, 145 hours; 5.6OC, 210 hours; -l.OOC, 522 hours. 

d. Reproduction and Development 

(1) Spawning 

According to Kinoshita and Hirano (1934) and Kinoshita and Shibuya (1940) 
the spawning of this species varies according to Hokkaido localities. The relation between 
peak spawning activities and temperature is cited b,y Kinoshita and Hirano for different lo
calities as follows: Hakodate, mid-June, l5.7OC, OtaI'll, mid- to late June, l4.4-l5.9OCJ 
Oakkeshi, mid- to late August, 14.4-l5.4OCJ Shiraoi, mid-July, l8.2OC. 

(2) Development 

The development of ~ sachalinensis is but poorly known, and this 
only up to 40 hours following fertilization. This early development, the result of work 
by Kinoshita and Hira.no, is shown in Figure 20. The diameter of the egg is 50)1 and the 
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~ahaped larva is reached after 4D hours of development . The lower and upper limits of 
water temperature in which de'Yelopment can take place are 80C and 28<>C, with the optimum 
between 16°C and 23°C . The number of days required to f or m t he shell, at different temper
atures, is: at 8.5

0
C, 8 days; at 11.00C. 4 days; at 13.40C, 3 days; at 15.90 C, 2 days. 

(3) Growth 

Table H. 
The growth of this species accol-ding to Kinoshita (1939a) 1s fJhown in 

TABLE H. - GROWTH 
OF IUCTRA SACHALINENSIS 

Age 
(years) 

Shell Length 
(CII) 

2 3.5 
3 4.8 
4 6.4 
5 7.2 
6 7.6 
7 7.9 
8 8.1 
9 8.2 

10 8.3 
12 8.5 
14 8.7 
16 8.9 
18 9.1 
20 9.4 

e. Harvesting Method and Gear 

The sandy beaches from southern 
Miyagi Pref ecture southward to Chiba Prefecture 
are the center of the dredge fisheries for Mac
tra sachali nensis. Fishing of this type is con
ducted in t he open Pacific beyond the surf line 
and in water up to 15 meters in dept.":!. '!'he clams 
are harvested with dredges about 100 centimeters 
wide, equipped .w1th digging teeth 50 centimeters 
long, spaced at i ntervals of four centimeters. 
The dredge digs to a depth of about 20 centime
ters. Each boat uses two dredges. The aft 
dredge is dropped overboard first and the line 
payed out about 1,000 meters. This line, a 
bronze cable, is attached to a hand winch in the 
forward part of t he boat. This completed, the 
forward dredge is dropped and enough line let 
out so that the dredge will operata properly yet 
not interfere with or tangle the aft dredge; the 
line then i s attached to the winch, which pulls 

SOURCE, Kinoshita 1939a both dredges. Each boat has a crew of four or 
five men, usually including the owner . The boats 

average 10 meters in length and are equipped with four sweep oars for propulsion. The 
catch is di'Yi.ded between t he crew, the owner taking two shares and the members of the crew 
one each. 

The dredge used in Holckaido (Figure 21) is very similar to the type used in 
the Miyagi-Fukushima area and the methoo of operat i on is almost the same. However, each 
boat has a crew 0: two but still operates t wo dredges. The time required for a single 
dredging operation is about 50 minutes, and from 100 to 380 clams per .day can be gathered 
per boat in the Muroran district. The fishing season in Hokkaido extends from mid-August 
t o mid-April, and the seasonal harvest varies from 5,000 to 12,000 clams per fisherman. 

f. Production and Utilization 

In the vicinity ot Arahams, Miyagi Prefecture, these clams are harvested from 
20 December to 30 April, an open season establ ished by the local fisheries association to 
protect the resource. In 1948 the association at the village had 78 members , each one 
by regulation entitled to operate a single boat. The harvest io this town and the number 
ot boats engaged in the fisheries are shown i n Tabl e I. 

TABLE I. - " HARVEST OF :UCTRA SACHALIYrnSIS AT ARAHAMA, 1942-48 

Number of . Production Number ot Production 
Year Boats (Jean) (pounds) Year Boats (lean) {pounds) 

1942 17 4,790 39,565 1946 .34 60,465 499,441 
1943 3.3 19,966 164,919 1947 .36 83,560 689,380 
1944 24 33,529 276,950 1948 !I 41 42,550 351,463 
1945 22 30,660 253,252 

51 As of 27 March 1948; DO further data availabl e. SOORC&. Glud (1947) 
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DREDGE U- ED FOR MACTRA SACHALI NENSIS IN HOKKAIDO 

NArUI7A L I7ESOUI7CES SEcnON 

Y1gure 21 

The animals were sold in the shell at 1240 per lam of aeat ( lUI of 191,6) . The 
shell lIIeight is considered 88 one-third of the total lIIe ight . The average production u 
reported as about 20 kan of meat per boat per day. 'felll Meretrix are t4lcen by the.e dredg
ing operations but not in sufficient numbers to be of coamercial t..port.a.nce. 

Production is . shown in Table 1. The Mat is very neet and 1e sold raw, dried, 
or canned. 'lb6 shell 18 utilized as fer t Uizer after burning. 

8. Pecten (Patinopecten) yes80enais Ja:r 
Japanese Namel Hotategal, A1dtagai 

a. Synonomy and Importance 

1857 Pecten 1-essoen8is Jay, Perry's Narrat Exped Aaer Squadron China Sea. and Japan, 
21293, p1 3, figs 3,4; p1 4, figs 1,2 

1861 Pecten brandti Schrenck, BuD.. Acad Imp Sci St. Pete, 41411 
1862 (7) Dunker, Novit. Conch. (2(4)7)1 61J pl 21 
1869 Pecten yessoensi8 Lisch1ke, Jap Year Conch 11 165, p1 10, figs 3, 4 
1871 Lischke, 1.c 2. 157, p1 13 
1886 Kobelt, Conchy, Cab. 7(2)1139 p1 38, fig 7; p1 39, fig 1 

This species, the largest scallop in Japan, is the IIOst important shellfish in 
the cold current areas of Hokkaldo. In the Kitami and Nemuro coastal regions or this north
ern island the fisheries involving this shfilll can be compared in importance to tba.t of the 
herring fisheries in Hokkaido. 
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b. Character and Distribution 

Right valve swollen, the left almost flat. The two ears almost the same size, 
the ligamental line straight. Outer surface of the lett valve pale purplish~ brown with white 
radiating lines; inside white with a large muscle scar. Righ t valve white. At the center 
of the hinge line is a t riangular pit. Kinoshita (1936) reports a wide variation in the 
number of radiating ridges among the Hokkaido shells , the right valve showing from 15 to 32 
with 21 to 24 the most frequent, the l eft valve bear ing 13 to 31, with 20 the average num
ber. There seems to be no direc t relati onship bebeen the number of ridges and latitude. 
Length 200 millimeters, height 190 millimeters, width 45 mUl imet ers (Figure 10). 

This spec ies i s distr i but ed in the cold current areas between Hokkaido and 
Tokyo-wan on the Pacific side and between Hokkai do and the Noto-hanto (No~ Peninsula) on 
the Japan Sea coast. 

c. Living Conditions 

(1) Bottom 

Nishioka !-t al (1948) cultured the spat of this scallop in three aquaria 
having different types of bottom condit ions, gravel, mud, and a mixture of sand and mud. 
After four days of qui e t and normal conditions during which growth and survival were normal, 
the bott om material and spat were gently st i rred with a piece of rope. The aquarium having 
the gravel bottom becBlDe turbid but cleared again in 30 minutes. Thp. otLer two aquaria re
quired 10 hours to return to the original condition. The stirring of the latter two aquaria 
resulted in high oxygen consumption and a high death rate among the spat (Table J), but the 
survivor s lived long enough to confirm t he fact that spat can grow even on muddy bottom, es
pecially if it is not disturbed. The disturbance produced no ill effect on the spat in the 
gravel- bottomed aquarium. 

TABLE J . - EFF~T ON P~TEN YESSOENS IS SPAT OF BOrTOlI! DISTURBIu'lCES 

Aquarium Bottom Oxygen Content per Liter (cu CID) 
Number Type Before Di sturbance After Disturbance Survivors 

1 Gravel 4.7 4.3 20 
.2 Mud 4.7 0'.7 3 
J Sand-mud 4. 7 1.0 4 

SOURCE. Nishioka ~ al (1948) 

Nishioka (1948 ) i nterpreted the above results as evidence of the impor
tance of controlling trawl fisheries in order to promote scallop production and deduced that 
the depletion of scallops in Mutsu-wan was due to the over- use of this type of apparatus. 
This is contrary to his former \ Nishioka 1943) conclusions, drawn from his study of the age 
composition of harvested scallops and yearly statistical records of production) that the de
pletion was due to reduction of larval occurrence resulting from periodiC changes in phys
ical and chemical character of the water rather t han to overfish!ng. 

1mai (1941)reported that the best bott om condition for this clam is one 
containing 40 to 60 percent gravel. Icho and Oshima (1938) and Ozaki (1942)state merely 
that sandy bott om is preferable. 

The optimum depth was found by I cho and Oshima t o be about 20 meters, 
within a range of 15 to 30 meters. Nagamine (1935) studied the scallop in Notoro-ko, an 
almost landlocked bay northeast of Abashiri, Hokkai do . Here he found the animal growing at 
a depth of 1.5 to 13.5 meters. 
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(2) Movement 

The scallop has two methods of propulsion. To mo forward it opens i s 
shell and takes water into the mantle cavity, then squirts the water out obl1 u posteriorl1 
from the vicinity of the ear to torce the shell ahead. To move baclnrard th olam opena and 
closes the shell rapidly and repeatedly. Because of this clam's ability to 'I. ra ther ra~ 
idly, the location of the fishing grounds cbangee from year to year and production 1& re
fore uncertain. 

Isahaya (1929, 1930, 1933) studied the problem ae to whether or no hie 
scallop migrates. In 1929 scallops were tagcied with glass tags fitted on th shell by ce
ment and were replaced in the sea off Mombetsu. Good results were obtained . In 1 2 , 2 
tagged shells were recovered between 1 July and 30 September ou t of a total of 1,8 J incH-
viduals tagged and liberated 21-29 May. The general movement was south, d the aver e 
distanoe travelled was five to eight miles. Results were e1.milar in 1930 . Ho ev r , no def-
inite information was obtained to show whether this was a migrati on or mo ent r eul ing 
from the ocean currents. Fishing for ecallops eased in Septem r so nothing is leno about 
movement after that time. 

d. Reproduction and Denlopmen 

(1) Egg and Sperm 

According to Yamamoto (1943) the head of the erllatozoan is 5 }.I 10 , 
triangular, and acutely angled at the top. The tail is 55-60 ~ 10 The lIatur eg8 ia 
spherical and 0.09 and 0.10 millimeter in diameter. 

Despite the fact that &lropean and American callop. are onoecious, tht. 
Japanese Pecten is dioecious. The sex of the individual canno be told exteroalJ..y rut cab 
be distinguished by the color of the gonads during the Sp&WDing 15 aeon . At this tie t e 
testis is milky white , the ovary clear orange red. This condition is found in tsu-wan 
between December and late Wa3 or early June. 

Nishioka et al (1948) studied fertilization in the labontory and found 
that if the eggs were taken -from the gonad and immediately fertUiaed, the percen of euc
cesaM insemination was 'Yery low, averaging about three percent . However, if a period of 
time elapsed between the removal of the eggs and their insemination the ra te of successful 
fertUization slowly increased in proportion to the period of lapsed ti Maxim ferti 
lisation was obtained when four hours bad elapsed between the freeing of the eggs and fer
tilization, at which time 2J percent of the eggs were fertilized. No infonca 1.on is avail
able as to this phase of development in natu:'e, and further studies are needed to clar11'y 
the point. 

(2) Spawning 

Yamamoto (1943) reported that in ~utsu-wan matur~ ova and sperma ozoa 
were present in the gonads from February to June anc that the spawning was most active dur
ing April and Yay. He also found that the spawning season varies according t.o the locality 
by as much as 2 1/2 months, probably owing to differences in water temperature . This varia
tion of th" spawning season was described by Isahaya (1933) as followsl Soya, early Way to 
late Yay; Mombetsu, mid-~ to mid-June} Nemuro, mid-June to mid-July; Shibotsu- sbima, earli 
June to early July; Muroran (in harbor), early June; Muroran (beyond harbor), mid- une; 
HigashishilMlU!ld, mid-April. 

Kinoshita (1934b) reported that the local variations in the spawning sea
son depended on local differences in temperature and that the mi.nimum temperature for spawn
ing is above 9°C. According to Kinoshita (1940), the variation in the amount of setting of 
seed depends on the ocourrence of a rise in water tempera ture during the spawning season 
and the setting is heavier wben the critical temperature occurs l a te in the spawning season 
and amall when it occurs early (Figure 22). 
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RELATION OF WATER TEMPERATURE TO SETTING OF SPAT OF 
PECTEN YESSOENSIS 
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Figure 22 

Kinoshita (1943) experimented on the i nduction of spawning in this scal
lop. According to his experiment the spawni ng was induced by r apid artificial raising of 
tbe water tempera~ure and pH. A rise ot only one ot these critical tactor s proved not to 
be etfecti'Ye, and the rise of both at the same time was necessary to induce spawning. Best 
results were obtained when a relati 'Yely low temper ature was r aised by 50C and at the same 
time the pH raised troll 8.2 to 8.4. 

Nishioka ~ al (1948) , experimenting on the same problemJ succeeded in 
·inducing apawo1Dg by keeping the scallop in water of lower temperatur e and lower salinity 
than normal for one or two days after col lection and then returning the animals to the nor
mal conditions of the habitat. Spawning ensued. This method seems to be more efficient 
than lUlloshita's alkali treatment as the eggs need not be washed after treatment. 

(3) Development 

Nishioka et al obtained a large quantity of ripe eggs by the method just 
described, inseminated them, and raised the larvae for three weeks. At this age the larvae 
had attained a shell length of 200)1. From another experiment they concluded that the tem
perature range for development of the zygote is from l OOC to l5OC, with· the optimum at 12OC. 
They found that larvae did not develop in a salinity lower than 1.0030 or above 1.0047, 
with an optimum salinity for development at 1. 0037. 

The relative growth rate over a period of five years in 11 localities in 
Hoklcaido was given by Kinoshita (1934&) as shown i n Fi gur e 23. lcho and Oshima (1938) sum
marize the growth rate as follows but do not state t he locality where observations were 
made I one year, length 3.3 centimeters; two years, 8.3 ; three years, 11.5; four years, 14.2. 

The age of the scallop can generally be determined by counting the growth 
rings of the shell but sometimes pseudo--growth lines make an age determination difficult. 
lsahaya and Sakuma (1933) found that the growth lines as shown in a ssc tion of the triangu
lar ligament which binds the shells together show exactly the age of the shell in years. 
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NATURAL RESOURCES SECTION 

Figure 23 

(4) Food 

Kinoshita and Hirano (1935) obtained apeoiJDens of Pecten yessoenab fro 
various localities in Hokkaido and examine th t') contents of the alimentary canals. A sum
mary of their results shows that the ingested items inoluded 33 species of d1a and 19 
species ot protozoa, besides minute crustacea, Chlorophyoeae, spores of algae, Echinoderm 
larvae, and a few other forms in lesser quantities. The bulk of the food consisted ot di
atoms and protozoa. Fragllaria spp. were predominant. 

e. Culture 

(1) Seed Collection 

Only rather recently has artificial gathering ot aeed ot this species been 
tried. The first seed collection was obtained experimentally in Saroms.-Ico, Hokkaido, in 
1934 b,y the Hokkaido Fisheries Experimental Stetion. That first work was important becaus e 
of the magnitude of the scallop fisheries, which in the shallow waters of Hokkaido is ot 
importance second only to that of the kelp fisheries, and because the decrease in s callop 
production had already been recognized and attributed to overfishlng. 

Kinoshita (1934&) obtained the larvae of ~ ~S8oensis acoidentally 
on cultch for oyster seed set in Saroma-ko in 1933. These collectors were se t 20 August 
1933 and harvested 28 October. 
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Following the i dea these accidentals gave him, Kinoshita (1935) tried 
seed collecti on of this species in Saroma- ko in 1934 and made the following observations. 
Scallop seed could be collected successfully b,y the usual hanging method whioh employed 
the soallop shells as cultch for collecting oysters (Cabn 1950). It was found best to 
collect seed in coastal waters wher e currents are sluggish and which are seldom ravaged 
b,y exc~ssive wind and wave action. The water zone between 0.6 centimeter and 1.0 meter 
below the surface proved best f or seed collecti ng. rt was found that the young scallop 
could be permitt ed to at tain a length of one centimeter before being r emoved from the 
cultch; if they were not t oo crowded on the cultch they could be permitted to reach three 
centimeters in length before removal without injury to the young scallop. Kinoshita 01>
tained a survival of 70 percent after 70 d~s of rearing these young in metal baskets. 

(2) Culture Method 

For culture purposes collect or s ar e set i n t he water when observation 
has shown a large number of pelagic l arvae to be present (Ki noshita 1941). The deep, cup
like right valves of the scallop shells are pi erced by a wire and strung back to back, with 
about 80 shells making one chain or series of collect ors . The series is suspen~dQ from a 
raft, exactly as is done in collec ting oyster spat (see Cabo 1950 for discussion of raft 
and rack structure). If the wat er i s shallow the rack method fa used, the rack being fixed 
in the sea bottom b,y stakes. One raft can. suspend about 350 series and can gather about 
30,000 larval scallops per series. 

The attached shells grow rapidly. By the end of July colored larval 
shells about two m1llimeters long are found attached to the cultch that was hung in early 
June, and by late August these shells are 10 mUlimeters in l ength. The rate of seed har
vest varies from year to year. In the 1939 harvest in Saroma-ko, which proved an exceed
ingly rich yield, one collector shell averaged 166 seed. On this basis a single raft of 
cultch produced 4,648,000 scallop seeds. I n a poor year thp harvest never tell below 
1,000,000 seed per raft. 

These colleoted larvae must be sown in August. They lack a byssus and 
enter the benthio lite usually when they attain a length of about 10 millimeters. If the 
site of their transplantation is near, the seed scallops are transported attached to the 
collectors. If the transportation distance i s great, the seed soallops are scraped oft of 
the oultch and put into boxes especially designed and constructed for this purpose. The 
transportation box is made or wood and consists of an inner and an outer box. Eight wooden 
frames with wire net bottoms, on which the seed sca llops are scattered, are piled one OD 

top of another and placed in the inner box. The space between the outer and inner boxes 
is f Uled wiUl ice to keep the inside temperat ure at about l~. The outer box is 1.2 me
ters long b,y 0.91 meter wide b,y 0.45 meter high ; the inner box is 0.91 meter long b,y 0.6 
meter wide b,y 0. 45 meter high. One of these boxes can carry about 1,000,000 seed soallops. 
WhUe the box is in transit ice is supplied and sea water sprinkled over the boxes at in
tervals of two hours. 

The experimental seed collecting of 1934 founded the local culture pro
gram beginning in 1936. As of 1950, seed scallops f r om Saroma-ko were being transplanted 
to many Hokkaido culturing grounds both near and distant, including Muroran, Akkeshi, No
shappu, Shari, Abash1ri, T~koro, Yubetsu, Saruru, Esashi, Hamatonbetsu, Yuchi, Kishibetsu, 
and Shomubetsu. Prior to flarld War II they were shipped also to Kunash1ri-jima, the south
ernmost of the KurUs. 

Seed production in Saroma-Ico during 1936-40 waSI 1936, 32,000,000; 1937, 
80,000,000; 1938, 59,000,000} 1939, 155,000, 000} 1940, 550,000,000 (Kinoshita 1941). 

Long-distance transplantation ot seed was attempted b.1 Nishioka et al 
(1948) when they transported spat collected in Saroma-ko to Mutsu-wan. The spat were care
fully packed and carried in the box previously described, and transported for 69 hours 
prior to planting. To complicate the problem, the experiment was begun on 24 August, the 
hottest period of the season. When the box was opened all of the spat were found to be 
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quite healthy, and were clapping their shells vigorously. Subsequently, the water at Mutau
wan proved to be too warm for survival, 20 to 260(;, and moat ot the apat died, but thie 
does not invaiidate the fact that the spat ot Pecten yeasoensi. can be tran ported .uccess
fully for long distances . 

f. Harvesting Methods and Gear 

This large scallop usually is harvested in sWll/lll8r and autumn. Small-aized in
dividuals are protected, and the fishing usually is closed during the breeding season ( aee 
"Regulations") because production is declining. 

The gear used to harvest the scallop is known as "Hotate Ketaami" (scallop 
dredge). Its struoture and the fishing methods are variable, but the following dredge and 
method of use found in the Abashiri district is typical. The tront iron beam of the dredge 
is fitted with 2.l heavy iron teeth about 0.3 .eter long. a.h1nd this is attached a M1Ip 
net about three meters long (Figure 24). J.t each aide ot the torward end of the net a U
shaped iron bar projects to act ae a sort of runner to slide the net alo:1i on the hottoll 
and to keep it from digging in. Six or senn f shermen in a 14 ton boat drinn b7 a 40 
horsepower IIOtor drag two. dredges slowly along the bottoll. In 80 placee the tide is uaed 
inetead of a motor to propell the boat, in others a sail. The peld in the J.bashiri d1e
trict is between 800 and l~OOO barrels per IIODth per boat, with troll 170 to 200 shell!! per 
'uarrel for offshore shells and abcut 400 per buTel of the s_ller coaet&l "helli. 

This method is effective only on clear bottom where no obstacles interfere 
with the proper dragging of the dredges. Where dredging is impoasible other lIIethods of 
harvesting the scallop are used, such as by spearing the shells with th help oj.' • glaes
bottomed "peep-show", or by using divers. 

The spearing method is used in Mutsu-wan, Aomori Prefecture, but the depth at 
which this is possible is limited both by the transparency of Ute water and by practical 
difficulties. A very skillfUl fisherman under optimum conditions oan collect shells to a 
cepth of 20 meters, putting the speared shells in a bag hung from the ship into the sea. 
Scallops thus collected are inferior in quality ~cause of the decreasing weight due to 
loss of body fluids through the incised wound (Nishioka 1943). 

The diving method is prohibite1 in Mutsu-wan, but in NeDlUro an ll-ton, 28-
horsepower motor boat manned b,y a crew of six and two divers operates success!Ully. The 
depth of diving is usually from 15 to 30 meters. At 20 meters divers fish for three hour 
periods; at a depth of 30 meters they work for one hour. The catch averages about 2,000 
to 3,000 shells per day per boat (Kinoshita 1949). 

g. Enemies and Damage 

Starfish, drills, and flounders are the major enemies of Pecten yessoens~s . 
No study of either the damage done by the starfish or the means of controlling it has been 
made in Japan despite the fact that depredations are reported as severe. Flounders of the 
species Limanda schrencki have been found with their stomaohs literally fUll of young Pec
ten y:essoensis; this is especially true in midsummer. Among the mollusca, Natica jantbo,stoma 
and Trophonopsis clathratus, both gastropods, are reported to do heavy damage (Kinoshita 
1936). Kinoahita also reported damage done in the Notoro-ko reg_on, by Stllochus iJ1m&i, 
a Turbellaria, w!lich eats the meat after invading the shell . 

Kinoshita (1939b) studied this scallop in the Shari, Hokkaido, area, and found 
that a species of polychaete, Polydora ciliata, was parasitic on it. This worm drills holes 
io the shell and produce!. swellings inside the shell. Kinoshita disoovered a very heavy 1D
festation of this parasite, with allIost every scall.op over four years old infested. However, 
the infestation apparently did not lower the qual1tl of the meat except where the dr1ll1ng 
occurred near the 1ductor muscle. 
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h. Production and Utilization 

Since 1940 the production of Pecten ~essoensis shows great fluctuation, and 
data are believed to be incomplete. No statistics on meat production are available , but 
Table 1 gives a basis fo l' computing this factor. The shell production since 1941 , in met
ric tons, is as follows I 1941, 21,531; 1942, 69,233; 1943, 39,366; 1944, 18,174, 1945, 
2,032; 1946, 9,970; 1947, 18,498; 1948, 8,)60. 1Q/ 

The muscle is ~idely used raw, dried, canned, baked, or fried. The dried meat 
was an important export to China. When boiled and dried, the muscle is removed from the 
shell, salted for one day, boiled in salt water , and then dried in the sun. Pressed muscle 
is prepared by steaming or roasting, followed by pressing, seasoning, and drying in the sun . 

The body is not usually used as food but is dried and used as fertilizer. The 
shell is burned and the ash used as fertilizer. Ihe natural valves are one of the most im
portant components of the collec tor series for gathering spat of oyster. The cupped right 
valve is sometimes used a8 a dish or plate. 

i. Regulations 

To conserve the stock and prevent further decline in production various regu
lations for harvesting have been promulgated by prefectural governments covering l arge or 
l ocal areas. These are summarized in Table 5. 

9. Atrina (Servatrina) japonica (Reeve) 
Japanese Names Tairagi, Tairagai, Tachigai 

a. Synonaay and Importance 

1858 Pinna japonlca Reeve; Conch Icon, sp 47 
1891 Pinna lischkeana Clessin; Concbyl Cab 8 (1); 73, pI 28, fig 1 
1929 Pinna (Atr1na) pectinata japonica Vlinckworth, Proc Malac Soc London, 18 (6); 288 

Kuroda (1947) synonomizes A. lischkeana Clessin with this species . 

The fan shell (sea wing or pen shell) is the largest of the edible clams of J a
pan. The adductor muscle of this clam is considered by the Japanese to be among the finest 
of marine foods available to them. Ariake-kai, Tokyo-wan, and the Inland Sea are the most 
important fishing grounds for the species, but the annual production is steadily decreas i ng 
because of extreme over-fishing. 

b. Characteristics and Distribution 

Shell shaped like a partially opened fan, being in general form an isosceles 
triangle (Figur; ?5). Reaches a length of 37 centimeters and a width of 18. 5 cent imeters. 
Valves connected along the dorsal line; opposite (ventral) line curves slight ly , like a 
bow. Shell very fragile, fractures as it dries out. No teeth along the hinge l ine, the 
valves being connected by a ligament. Growth lines crossed by several radiating ribs on 
the surface of the shell. Outer shell dark green, inner surface black. 

It is distributed inyJapan from To~o-.an on the Pacific Ocean side through 
Kyuahu, and from Aldta Prefecture ~outhward to Kyushu on the Japan Sea side. It occurs also 
along the southern tip of Korea (Frontispiece). The depth of the habitat r anges from 8-10 
meters to as deep as 60 meters, but the habitat aeems to be slowly changing t o t he deeper 
waters as a result of the constant over-fishing of t~e species in the shallow water. In 
Ariske-kai off Fukuoka Prefecture the young shells often develop abundantly in t he zone be
tween low low tide and water ranging to a depth of one meter. 

lQ/ Statiatical Yearbook, Ministry of Agriculture and Forestry. 
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Figure 25 

c. Living Conditions 

(1) Bottom 

'Ibis species buries itselt vertically in the s oft bottom, keep~ the 
upper edges of the shell at or a 11 ttle above the surface. The f avored bot 15 aa.nd or 
sandy mud. The mollusks maintain themselves in their upright position with the aid or the 
dark greehish byssus which bas a sllk-l1lce luster; this qy-S8US attaches to the bottoa 
terial surrounding the ventral portion of the shell. During the S ar the shells lie al-
most buried in the sand but in winter they work themselve s upward so that onlY ntral 
tip is buried (Maru.lca1ll'l 1930). According to the observations of •• tanabe (193 95 per-
cent of the shells are buried in t he S8JII4I position in re lat ion to t e ourr t, l.y t b 
the open portion of t he shell facing toward the curren t. 

(2) Temperature 

Atrina japbnica can resist a wide range of lIater 
tide in winter the temperatur e of the wet bo to Y be &!I low as lOC 
fecting the mollusk, and during low tide in SUIIIller t.he botto 
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ranges up to .39~C, also without causing injury, Throughout this range of temperature the 
mollusk maintains normal organiL functioning because its vital organa are s i tuated tro. 7 
to 10 centimeters below the bottom surfaoe where the temperature 1a lower than the 8Url'aoe 
temperature by 5 to ~C during the hot weath.r. 

(J) Salinity 

The specific gravity of th. oul ture grounds in the .lr1..ab-ka.1 1..a u~ 
trom 1.020 to 1.024, and the olam apparently ia rather resistant to low specUlo grarlU ... 
In the rainy season of 19.35 the specific gravity of the ar .. fell to 1.005-1.007 .. the r.
sul t of severe fioods which discharged great V01\111le8 of fre.h water into the •••• UtAI' 
three days the specUic gravity had risen only to 1.017, but J.k.1gt .howed no ill etrect. 
other than a slight alowing up of its reaction time. 

d. Reproduotion and Development 

(l) Spawning 

The speci.s is dioecious, Spawning ooour. troll Jun. to S pte ber in the 
!riake area. The critical water temperature for spawn.1.ng is trOll 22.00c to 28.5~ with 
the optimum occurring from late June to early August at water teaper.turea betwe.n 24tt 
and 2?oc. During the spawning the avary ill reddiah brown, the teatia pale yell white 
(Watanabe 19.38). Sexual maturity is reached on. year after fertilisation. In .lr1.alc&-lcai 
the young shells sometimes propagate in shallow water between 1.5 to 2 . 0 tera above 1 
water and .3.0 meters in depth at low tide. \\ithin tilia range the botto 1.a tr 
percent sand and highly suitable for propagation. Th. number of Toung ahell 80 a 
reaches between 2,000 and .3,600 per two aquare m.ters (Watanabe 19.38). Results of propa
gation are best in years when the water ia calm and til. rainfall light (J.laruk.aw 19.30) . 
There is no literature on the embryology of this speci.s. 

(2) Growth 

The typical growth of this species is shown in Tabls K. Th. aise atta.1ned 
by this clam is about 18.5 centimeters in length, 37.0 cent1lleters in beight, and 8 . c.nti
meters in thickness, Fujimori (1929) reported the growth rate of adults as ah in Table L 
(also see Figure 4). 

TABLE K. - GROWTH RATE OF ATRINA JAPONICA IN ARliB-W 

Shell Measurements Sbe of Adduotor Mu301e 
Date or Length Height Weight Long Diu Short Dia.m 

Measuring Remarks (011) (c_) (grlllllB) (cm) ( ell) 

21 Apr .36 200 taubo 12.1 5 • .3 2.3 . 2 1.9 1 • .3 
planted 

19 Aug .36 4 Dlonths after 15.1 7.4 5.3.2 2.9 1.6 
planting 

28 Oct .36 6 months after 18.5 9.4 86.2 3.6 2.0 
planting 

1.3 Jan .37 9 months af'ter 19.9 10.1 109.8 .3.9 2.6 
planting 

26 Jul .37 16 months a1"ter 21.4 10.4 112.8 3.6 1.6 Y 
planting 

!I Adductor muscle smaller despite increase in length, height, and weight of the shell 
because it is measured just af'ter spawning. 

SOORCEa Watanabe (19.38) 
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TABLE L. - ADULT GROW'lli OF ATRINA 
JAPONICA IN ARIAKE KAI 

Age Length "eight 
(years) (CII) (grams) 

1 9.9 15 

2 16.5 75 

3 2.3.1 150 

4 28.1 262 

5 31.4 356 

SOURCE. Fuj1aori (1929) 

(3) Food 

According to Watanabe (1938) 
diatolll8, copepods, and protozoans constitute 
the normal food for this species. Food organ
isms ingested by Atrlna japonica in Ariake-kai 
were identifIed as follows: Protozoa, Pulvi
nulIna,rare: Copepoda, Calanus, rare; Ditt.
toms, §~~anophixis and Conscinodiscus pre
dominant, Asterionella, Triceratium, Rhizos
~, and Navicula abundant, and Melosira, 
Biddulphia, Fragilaria, ar.d Pleurosigma rare. 

e. Culture 

(1) Culture Methods 

According to the work of 
Watanabe young shells spawned in June or July are gathered during March and April of the 
following year when they have attained a lengtt of from about 10 centimeters. They are 
carefully pulled out of the mud either by hand or by the use of a pincher or clip developed 
for the purpose, and special care is taken to see that the fragile shell is not broken. 
Although the use of the hoe would be more convenient, the fishermen generally agree thst 
its use produces a bad . effect on the remaining seed shells by mechanical injury to both 
shell and byssus. The number of shells gathered varies with tho conditions of the ground, 
but generally one man can gather between 2,000 am 4,000 Atrinas a day. The seed shells 
are placed in straw bags or in bamboo baskets and transported to the culture ground. Here 
they are kept under water by means of a weight on the container while wai ting for the proper 
time for the transplanting operation, which occurs at low tide the next d~. Prolonged ex
posure either to air or rain injures the vitality ·of the young shells. 

The seed shells are gathered below the low low tide level and transplanted 
to culture grounds which are one to two meters above low tide level. Usually about 200 to 
350 are planted per tsubo. Too dense or too sparse planting is disadvantageous both to the 
yield and to the eventual harvesting operations. The most effective method for planting is 
as follows: 

Lines marked by red or white pieces of cloth spaced at intervals of 20 
centimeters are stretched on the sowing ground, and an Atrina is planted at the spot indi
cated by each marker. An Atrina trowel is used for the planting of the shells, wl·ich are 
hand placed one by one. This trowel varies in shape with different localities but commonly 
it is an iron blade 20 centimeters long, 10 centimeters wide, and 1.65 centimeters thick, 
fitted with a wooden handle 3.3 centimeters in diameter and at right angles to the blade. 
Two or three helpers assist six or seven planters b;/ delivering the seed shells for plant
ing and by moving the marking lines as required. With shells planted at 20-centimeter in
tervals and lines spaced 10 centimeters apart, about 200 shells can be planted per tsubo. 
As the tidal current in Ariake-kai is rapid, 95 percent of the Atrinas orient themselves in 
a position parallel to the current. Therefore in artificial transplantation every effort 
1s made to conform to the obvious preference of the species and they are oriented in a sim
ilar manner. The depth of planting is regulated with care also. If they are planted too 
shallow, the seed will be washed away by wind or wave action, and if too deep they are suf
-focated. In planting the upVer edge of the shell is placed at or a little above the bottom 
surface. Usually the seed is planted when it attains a shell length of 10 centimeters, but 
occasionally some shells measuring 17 to 20 centimeters are used. When these larger shells 
are planted .special care must be taken to see that the byssus is not cut when the shells 
are gathered, for cutting of these threads has an injurious effect on the visceral organs. 

The shell of Atrina is very thin and fragile. Breakage near the adductor 
muscle is a deatt wound, but damage to the edges beyond the mantle is not serious and re
generation in this peripheral region takes place within a few days after planting. Young 
shells can live in air for a considerable time. Transportation from Fukuoka to Pusan, Korea, 
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requiring f our days , has been accomplisbed i n late March a t - temper_tur ot 150 C. Al
though 25 percent or the shells suffered breakage, the remainder ahowed no appreciable • -
tect ot the j ouraey and exposure. 

The newly planted beds must be guarded against theft. U i nd ividuals 
die, they are removed immediately to avoid pollution and contamina tion ot other individual s. 
The number of shells harvested represents about 80 percent ot the original planting, the 
loss bei ng attributed to carelessness in handli ng and to poaching . 

Deapi te the fact that successful cul ture methods have been deve l oped in 
!riake-Ieal, no culture is practiced in Tokyo-wan, the At rina-inhabi ted areas being lett 
entirely to natural growth and development. In the water oft Futtsu, Cbiba Pr t c t ure , 
some attempts were made to culture the shell according to the Arialee III thcxl rut these taUed, 
apparently because the transplanted shells did not establish themselves . 0 de tail ed in
format ion is available as to the cause of the failure . Aa (he pbyll1cal conditions arouod 
Futtsu differ considerably from those in Ariake-kai, some mcxlifications of tb Ariske _ tb
cxls a re inevitable for suooessful results. The population of "trioa in Tokyo-wan hill! f all,.. 
en dangerously low owing to extreme overfishing , and investigations into prac lc~ .athcxls 
for the cuI ture ot Atrina in this area are needed illaediately it the species is to surd va 
on a commercial bas~ 

(2) Harvesting Methcxl and Gear 

'lbe harvesting seaeon is from October to March in Ariake-lcai and !'rom De
oember to April in Tokyo-wan. The methcxls ot harvesting differ in the two localities. 

In Ariake-lcai the fisherman walks over the fishing grounds at low tide at 
night, towing a paU in which to put his catch and carrying a torchlight to spy out the 
shells . This torch is a long stalle made of woven straw or pine wood, lighted a on end 
(Figure 26). A hook at the end of a stick is used to extract the shell, the hook be1.ng in
serted between the gaping upper edges of the shell, t wisted, and then driven r ough one 
side of the valve. An ancient legend reters to "Shiranuhi"--an enchanted l1gb~wbich ap
pears at night in this district. According to Jujimori (1929) the origin ot this legend 
lies in the aboYe mentioned fishing methcxl. ·Shiranubi" is so famous that AriAke-1cai is 
orten called ·Sbiranuhi BaT'. Sometimes dredging Dlethcxls are used to flsh fo r 1trina when 
they occur in deeper water. This procedure has an advantage in that otber edi bl e s hell s pe
cies a re gathered along with Atrina, but the disadva.ntage lies in the unavoidable damage 
done to Atrina because of injury to t he byssus attachments of the ungathered shells. 

In Tokyo-wan the harvesting is done by divers operating !'rom a boat. The 
boat is a three to seven ton craft with _ crew of four or t ive men, including two divera. 
Clad in canplete diving outfit and supplied by an air bose , the divers alternate in four to 
six bour pericxls, working in water about 20 meters deep. The diver carries a basket f or 
bis catch and is armed wi tb eithe r a hook or spear to gather his clams. The IJpear is the 
more convenient for it can be used to capture both At r ina and Schizothaer us , which occur in 
the same area, wtereas the hook ca n be used only on Atrina because or the gaping shell. 
The spear is about 50 centimeter s long and has an arrow-shaped barb a t the tip. It enters 
between the valves in the area of the inhalent siphon and penet rates one valve of the shell. 
The cl8111 i8 held by the barb as it is pulled out of the bottom matrix. 

At Futtsu, Cbiba Prefecture , Atrina fishing has been carried on by diving 
since 1890. In those early days the shells propagated naturally and abundantly and were 
easUy collected. In 1917 the shells were so abundant tha t the diver could not walk on the 
bottom without crushing Atr i na shells; the density was calculated as 330 shells per taubo. 
B,y 1930 the density had decreased to only one shell per tsubo because of over-rishing (Maru
leawa 1930). Now the density is even less, and the shallow water stock is exhausted. Cases 
are on record of divers suffering from "diver's disease" as a result of having followed the 
c18lll8 into water of IIUch greater depth. 



Figure 26 

t. Enemiea and Daaage 

The IIOSt illlportant biological eDeIDT ot the Atrina claas is Rapana tJuwee1eM, 

the "oysterll drill. Rapana are thought to migrate into the !trina beds atter periods cd 
heavy rainfall (Watanabe 1938). The octopus Polypus vulgaris is, to some extent at least, 
Ii predator upon !trina. ---

11 though the species has strong resistant powers to change in both .. ter ..... 
perature and salinity, sometilles tue clams are seriously damaged b,y accumulatioDB of .ud 
brought down by floods. The clam can wash out a thin layer of Iald b,y opening aDd abuttiDg 
the valves, but it the accumulated layer reaches two to ~ree centi:aeters 10 thickDe .. , 
death w111 tollow. 

g. Utilization 

Nothing 1s wasted 10 the utilization of the catch of Atrina, every part beiDg 
used for some purpose. 

The posterior adductor muscle is the largest aDd .ost important aDd 18 brought 
to the marke t fresh. The flavor of this .eat is best during the harvesting seaeon wbea the 
fat oontent is greatest. In summer the taste is inferior Dad the quality sinewy. '!be cl_ 
meat, exclusive of the muscle, is brought 10 and sold either raw or as dried ~t following 
bolling. It is a highly esteemed food. 



The Italians reportedlJ' have utUiHd the b)' .. us .a .. terial tor ilOfta, bate, 
and shawls eSter washing with soap and spinning. About 1920 m effort w .. .. d. in ft7oIo 
Prefecture to make cloth trom byseU8, but it was not IIUOC .... tul. 

The discarded shell 1a u.eed as oul tch tor Hed o,...tera and, n uOUDd, .. 
fertilizer. 

h. Regulations 

Small Atrillas arfl not taken, but this alODe is not .nough to eat.cuard the 
stock; cultural methods are neceaaary if the area is to aaintain aQTtb1ng re ... bliDg -.x1-
mum productive possibilities. The number ot divers p raltted to operate 1.a deterai..Ded aDd 
limited b)' action of local fisheries aS8ociations. 

Saga and Fukuoka pretectures have a olosed aeuon 1 June-JO Sept.aber and a 
she limit ot 15 centimeters, Ishikawa Pretecture a olosed a aeon 1 Abr-31 Auguat aDd a 
size limit of 15 centimeters, Kumamoto Pretecture a closed 8e .. on 1-30 June, and Chiba Pre
fecture a size limit of 16 centimeters. 

10. Sinonovacula constricta (Lamarck:) 
Japanese Name 1 Agemaki, Kam1sorigai 

8. Synonomy 

1818 Solen constrictus Lamarck, Anim sans Vert, 51455 
1874 SOIeCurtus const rictus Sowerby, Conch loon, ~ 29 
1882 SUiquaria constricta Dunker, Index Moll Mar Japonl 175, pl 7, tig 25 
1924 Sinononcula, Prashad, Proc Yal Soc London, 16145, text tigure 

b. Charar.teristics and Distribution 

Shell elongated, cylindrical. Anterior end roUDded, posterior angular; both 
ends of the shell open. Umbo situated slightly anteriorly. <Alter urtace of shell with 
many coarse ooncentrio lines . Shell covered b,y darlc yellow periostr cua} inner .urraoe 
white. Main teeth two on the right and three on the left nlveJ no lateral teeth. Le~ 
10 centimeters, height 3 centimeters. The body protrudes beyond the ahell and the 8iphon. 
attain a length of 45 centimeters (Figure 10). 

This representative spec es of edible clam inhabit.. soft auddy bottoe in shal
low bays. The culture centers are in the Ariake-llAi in western KJ'uahu and in Koj iAa-n.n 
on the Inland Sea coast of Ok:ayama Pret ture. The 1C0j !Jaa-wan a1 te U the result ot veq 
successful transplantation of shells trOll the Ar1alc.e area dur1.ng 1892-93. The species is 
also found along the Yellow Sea coast ot Korea and on the coaat ot Chinn. 

c. Living Conditions 

Atter studying the enviroll!llent in which~. constrl.ota thrives beat, Ioho aDd 
Oshima (1938) described the optimum environmental conditions tor the surviTal ot thla ca
as follows. (1) the sea calm and somewhat dUuted b)' incoming tresh waterJ (2) a 8pe01tio 
gravity between 1.005 and 1.015; (J) water temperature DOt lower than 20C or higher than 
JQOC. The best bottom is composed ot 1.7-2.6 centiutera ot 80ft ..,.d at the aurfac., below 
which lie8 10-13 oentiaeters ot a sand-mud aixture, aDd below this • subatratua ot 60 centi
meters ot IlUd. The bottom in which the clams are buried IlUst be e~osed tor about three 
hours at normal ebb tide. 

Fujimori (1929) e~erill8nted on the growth rate ot th1a c1&11 in aquar1a ba'fiDa 
different specific gravities. Three large jara were prepared with suitable atd botto.a, 
and )O.§... constricta were planted in each. 'lbe jars then are placed at three ditterellt 
.tations in water having dirterent specific gravities. Fro. reaulta ot th1a work (Tabl. 6)" 
Fujiaori concluded that a specific grant,. c10ae to 1.01916 is optiDwl. 

66 



Tha tiJle ot exposure during ebb tido is extremely important. Even i1' the wa
ter and bot tOil concii tions are sui tablA ttoe clam's growth is retarded ilia terially if the ex
posure during ebb tide is too long. Worldr.g at Miike, Kyushu, fujimori studied this sub-
ject. Ten stations were selected in a line perpendicular to the water level. Fifty spec-
1ntens of ~. constricta, planted in Ootober, were harvested the following April and the 
growth averaged at each station. From results of his work (Table 7) fujimori concluded 
that growth was best st the lower levels where the clams were exposed for fewer hours at 
ebb tide, and that growth was inversel,. pr::>portional to the number of hours of exposure. 
The relationship is pl~babll associa~eJ with the hours required for feeding, wh ich can oc
C'lr onl1 when the shells are covered with water. 

fujimori also proved the close relationship between bottom t1Pe and growth in 
~. constricta in a field experiment in the Ariake-kai. Young clams of the species, all the 
same stze, were planted in five stations in a line perpendicular to the water level. The 
suini tl of each station was simUar, well wi thin the optimum required ranee for growth. 
His results are shown in Table 8. Although the exposure time in the lO'"er stations (Nos 
4,5) should have produoed the best results, the unfavorable bottom conditions prevented 
this, the best growth being obtained under the conditions of bottom represented !.... ;:;tstions 
2 and J. Thus the two factors of exposure time and bottom t1Pe play important roles in the 
growth rate of this species. 

d. Reproduction and Development 

No one investigator has trac~ the life history of S. constricts from ferti
lization to maturity, and the knowledge of the life history is ot necessity pieced together 
from the investigations of several scientists. Even then it is very incomplete. 

(1) Egg and Sperm 

The mature gonad of the male and female of this cl8.111 is milley white in 
each sex according to Pujiaor1 (1929). The egg has a diameter of 0.08 millimeter and is 
spherical. The spermatozoa is not described. 

(2) Spawning 

Acoording to Fujimori the breeding season in the Ariake-kai is frore late 
September to late October, with the peak ot spawning activity nQrma.lJ..y falling between 10-
20 October when the temperature ranges from :WoC to 250 C. 

(J) Development 

'!be eggs hatch out 10 d8,18 after fertUization (leho and Oshi.Jla 1938). 
The larvae reach the trochophore stage five to six hours atter hatching at a temperature 
of 200c and L~ water having a specific gravity of 1.015 (Hamada 1922). 

As 8 result of his investigations in the lriake-kai, Fujimori concluded 
that the speoific grav1tl ot the sea water played a veTl import.&nt role in the development 
and life history of S. constricta but was intimately and inextricably associated with bot
tom t1Pe and exposure hours. In general he found that the rearing grounds for this clam 
are best within an area bounded by lines paralleling the tidal level at 1.5 meters above 
the low low tide and 4.0 meters ~bove low low tide. However, within these optimum limits 
he found a very confusing variation of salinities, from 1.00 to 1.022 depending on the con
dition of the tide (spring or neap), tha direction of its movement (ebb or flow ), and the 
t.rpe of bottom. His only clear conclusion was that a salinity below 1.00500 was fatal to 
development or growth. 

(4) Growth 
s. conatricta is extremely sensitive to the factors composing ita environ

ment. Hence the life history ot the species is dependent upon and varies with the enviroo
mental conditions. As some of these are unstable, definite statements or figures deserib--
ing the life history are ditricul t to obtain. 
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Studying the growth of this clam in the Ar1alce-kai fir.t on natural 
grounds and then OD the culture grounds, P'ujimorl proved the advantage of transplanting the 
70UDg sheUa trom a "natural" area to a selected culture area where conditions were opti-
1IlIII. Be tound that the best larval hatching occurred in water ha'Ying a low saUnit1 and 
that this was the prefere~ce ot the young clams, 10 contrast to a preference ot a higher 
aal.1n1t7 b7 the adults. AIJ a result, in natural grounds the growth rate is slow because of 
this 10ll8r lI8l1oit7 tactor. U tile young clams are transplanted into areas of higher sa
l1n1t7 which obtain OD the culture grounds, more rapid growth is attained. This Fujimorl 
mows b7 collparing the growth rate of clams on the natural ground with those transplanted 
to a culture area (Tables 9, 10). 

Growth practically stops duri~ the taU (spawning seasoD) nnd winter and 
is aoat active trom April to September (Table 10). Growth is IIOst rapid during the first 
year, becoming alower each S'.lcceeding year (Figure 4). The maximum size is attained at 
about six )"8&r8 of age, with a length of 12.5 centimeters. 

(5) Food 

The work or Fujimori showed t.hat the principal tood of ~. constricta con
sists ot such diatoms as Biddulph a, Coscinodiscus, Melosira, Nitzschia, Pleuros1gma, and 
Skeletooe.a, and otiler t01'll8 INch as Navicula and Grams tophora. 

e. Culture 

(1) Culture Methods 

As &l.ready indicated, the young shells develop on the higher ground in 
water ot lower specific gravity, "hereas growth is better at lower levels and higher spe
cUie gravities. ThiB taot is the basis of the oulture of 1.. oonstricta. 

When about one 7ear old the seed clems are suitable tor transplanting and 
aow1Dg (lebo and Oshiaa 19.38). The so"ing usually takes place from June to August . When 
t.raDsplauted to the culture grounds the seed is usually about J.3 to 4.3 centimeters long 
a.:d IUlberS trom 600 to 800 per shoo 

Gathering the seed is rather ditticult because, although the natural seed 
grouod is usually so high that the area is but slightly covered with "ater, the young clams 
bur)" theaselves to a depth ot trom 20 to 26 centimeters. The tishermen go to the seed 
grounds at low tide equipped "ith a wooden pail (·Hangirioka") and a broad wooden board 
(-aaneita") (Figure 27). With one knee on the board, the1 push themselve8 over the soft 
.ud with the other toot, the board actiag as a sort ot pontoon to keep them floOIll 8inking 
deep4 in the semiliquid mud. The clams are gathered b7 picldng by hand or by using a hoe. 
Although the density ot the seed clams varies greatly, one skilled "orkman on a well con
cent.rated bed can gather 7:7 to J6 liters on !I single low tide. Tbe gathered clams are kept 
wet b7 8pr1nkli!l~ repeatedly with sea water and are transported as quickly as possible to 
the rearing grounds "here they are planted immediately I even though it may be at night or 
bigh t.1de. From two to three sbo usually are planted per tsubo, but wbere the bottoll con
dit.1oDS are best tour to five aho can be planted "ith prof! t. 

One year after so"ing a mortality ot trOll 40 to 50 percent is found, but 
the lDcrease in size obtained througb transplanting.l as we bave said, 1I0re than cOII1penaates 
tor this aortality. While the mortalit1 aay be 50 percent, the increase in "eight is tour 
or ti" told. 

(2) Harvesting Method and Gear 

In the Ariake-kai the barvesting season Is trom spring to autumn, but in 
other regiona at the species range it is during the fall snd winter. The same " ski-board" 
type ot equipment as that used in gathering the seed clams is used to navigate over the 
gI'OUDds. The unsldlled fisherman gathere the clams b1 hand, but the skilled workman uses 
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NATURAL RESOURCES SECTION 

Figure 27. ~ Transporth.g seed of Sinonovaoula oonstriots at Ariake-kai 

a bamboo stick tipped wi tb a book. The men locate tbe respiratory hol e made by the clam 
in the mud, enlarge it by inserting a finger , and pull the clam out by using the book. 

f. Enemies and Damage 

As this clam is a low salini ty species~ if covered even for a ff!lfl hours by 
water of higb salinity it suffers great damage, especially when yotmg. In the Ariake-kat 
propagation of this species rose rapidly from 1901 to a peak in 1905. However, It began to 
to surfer damage in 1906 and both the natural and artificially cultured Sinonovacula con
stricta were decimated thereafter by an unknown f actor. The damage was greatest from late 
April to late June and again during October and November. According to Fujimori (1929), 
who made a chemical and biological study of the problem, increase in t he specific gravity 
of the water was one factor responsible . He believed that ocean currents change locally 
for some reason, causing a rise in salinity; as this clam is especi a lly sensitive to sa
linity; it was almost annihilated. The death rate was given further impetus by the decom
position of the many of dead clams, polluting the shallow wat ers . 

Among animal enemies of this species lcho and Oshima (1938) list crabs (~ 
tunus tr1 tuberculatus), starfish, drills, and almost the same enemies which damage oysters. 
Also as this clam extends its foot through the shallow mud in movement it is easily preyad 
upon by two Gogynoid fish (Acanthogobious tlavimanus, Taen1sides rubicundus) and two her
ons, eastern gray heron (Ardea einerea ~) and egret (Egretta ap.). 

g. Utilization 

S. constricta is utilized mostly in soup or as a canned product. Prior to 
World War II the meat was dried after boiling and was then known as "Kantei". In this form 
it was exported in quantity to China. This export trade began early i n the Jieiji Era, and 
culture rose steadily until 1905 at· which time the annual production had. a value of 11,500-
000. The last specific figure available is tbat of Fujimori for 1928 at which time he 
places the annual production value at ¥6o,OOO. The production in Ariake-kai has never re
covered from the chemical damage previously described. 
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OTHER EDIBLE CL.&lI sm:IES 

1. General 

Population press.u-e plus the limitation of arable land have foroed the people of 
Japan to turn more and more to the sea for an unfailing suppl1 of food anilable the 1-.r 
round. Because of this urgent need, aquioulture is reoeiving more and more attention. Al
though the species of clams pre iously discuas. d are favored as food speoies. they by DO 
means constitute all species eaten. The shallow waters abound in marine bival:na, and -.ny 
other species are used as food. although in many caSei onl1 locall,.. The basic Japen ... 
philoaophy in regard to life in the aea aight be aUJlllD&l'hed thus I It it 1& .li ve, catch 
it; if ,.ou oatoh it, eat it} if you oannot .at it, use it for fertiliser. 

While the .pec1es already deeoril Jd constitute the olaJla preferred &II food, the 
followi ng list inoludes speoies almost as important but thua far unoul tured. F1.n&lly. a 
list of species of lesser importanoe is appended in order to complete the list of &dible 
clams of Japan. ill are of food value, and some have det1n1te oulture potentl.alitiea in 
the future. 

2. Anadara (Scapharca) satcrrl (Dunk r) 
Japanesd Name Satogai 

1882 Arca (Scapharca) Index Moll mar Japenl 2.3.3, pl 9, ti, 1-.3 

This speciea is distributed in shallow .ater to a depth of four to ten meters 
along the sandy beaches of Honshu. In general appearano. and in ita choice of l1rlng con
ditions i t closely resembles Anadara broughton!. It is s ler in size. the posterior ven
tral margin is not projected, and the radiating ribs are fewer in nUllber, usu.all,. J6 0.39. 
The size attained is 80 millimeters in length, 65 in height, and 58 in width. The dredge 
shown in Figure 16 is used in Chiba Prefecture . 

.3 . Anadara broughton! (Sohrenclc) 
Japanese Name: AlCagai 

1867 Arca broughtoni Schrenclc, Reis Amuir. Zool Moll: 578. pI 24, fig 1-3 (Oc t ) 
1844 Arca 1nflata Reeve, Conoh loon, sp .30 
1906 Arca tenuis Tokunaga, Jour Col Sci Imp Un!v Tolc 21 (2) IS8, pI 4, fig 1 a, b 

Living at a depth of from 10 to 40 meters in calm inner bays having a muddy bot
tom, this species is distributed over a wide range trom southern Bokkaido to !yuabu (aee 
Frontispiece). 

In appearance the shell olosely resembles !.. aubcrenata, but in the adult stage 
it is very much larger. The umbo is highly projected; radial riba number 42 or 4.3 ; sur
face of the shell is covered by a yellowish-brown coat except in the urobonal region, where 
it is white; many minute teeth are arranged in series. Adults frequently attain a length 
of 150, a height of 95, and a width of 70 millimeters. The spawning season is in ~er. 
Harvesting is done by dredging. 

The meat is purplish-red because of the presence of hemoglobin in the blood an 
unusual condition among the mollusks. The meat ia eaten fresh, with vinegar, or is ~anned. 

The shell is utilized as the collecting gear of small octopuses (Octopus rangsi.o) 
in Inland Sea. Two valves are bound to a long line and laid on the sea bottom as a cOlllrDOn 
octopus pot. The octopus hides itself between the valves. 

4. Mytilus crassitesta Liscbke 
Japanese Name: Igai 

a. Synonomy 

1868 MytilU6 crassitesta Lisc'hke, Mal Blatt, 15 :221 
1869 Lischke, Jap Meer Conch, 1:151; pI 11, fig 1, 2 
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a. S,ynono~ (Cont'd) 

1890 Clessin, Conchyl Cab , 8(3):67, pI 20, fig 1, 2 
1869 ~ilus dunkeri Lischke, Jap Meer Conch, 1:153, pI 10, fig 7, 8 (non Reeve) 

b. Chara.cteristics and Distribution 

Shell black, wedge-shaped. Anterior margin straight, posterior projecting; 
many growth lines present. Inner surface purplish-red or purplish-green, 1rrideecent. 
Teeth indistinct. Size up to 130 millimeters in length, 60 millimeters in height, and 45 
millimeters in width (Figure 28). 

Widely distributed along the rocky coasts oi: Japan from ltul.su-wan, Aomori Pre
fecture, both on the Pacific and Japan Sea shores, in water trom 10 to 20 meters deep _ 

MYTILUS CRASSITESTA 

Scole 

o 3cm 
,-' _~~_.....J' 

NATURAL RESOURCES SECTION 
Figure 28 

c. Living Conditions 

This gregarious species congregates on rocky shores, a ttaching itself to f1.x.ed 
surfaces by a byssus in aread that are well washed by clean S88 water. To move, it extends 
its foot and secretes a mucous which nOW's through a groove in the foot, coagulates, and 
becomes a new byssus. The old byssus is then abandoned. Locomotion is therefore a III 
process, as the byssus must be renewed several times in order to advance the ani.JDal 2.5 
centimeters. 
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d. Reproduction and Development 

(1) Egg and Sperm 

When the ovum is extruded from the body it has a length of approximately 
77 }1 along its major axis and about 60 }1 along the minor axis. The color 1s a pale yellow 
brown. 

The head piece of the sperm is oval, terminating anteriorly in a conical 
protuberance and tapering posteriorly . It measures 5 }l in 1 ength and 2.6 }l in width. The 
middle piece is strongly refractive and consists of two chondrlospheres. The tail piece 
is 60 Jl in length. When freshly extruded from the testis the sperC",atozoa are immobile , ac 
tive movement in sea water starting after a lapse of about 30 minutes at a temperature of 
80-~e . The movement is a counterclockwise spiral. Artificial fertilization has not been 
successfully accomplished experimentally. 

(2) Spawning 

The spawning season varies according to its habitat. Miyazaki (1935) 
reported that the season lasts from the last 10 days of December to the f irst 10 days of 
April at K&nazawa, Kanaga1l8 Prefect ure, at a fttrigger" temperature of 100e. The Tolcushw 
Prefectural Fisheries Experimental Station found the season in that area to be from March 
to September, Yoshida (1936) reported spawning from January to June in Korea, while Ozaki 
(l~) noted that during the spawning season in Korea, the water temperature varied from 
100c to 160C and the specUic gravity was above 1.025. 

The &pawnlng started without any movement of the open shell. Once begun 
1"t--tasted-for-atlolIt an hour anel waBlrot ---tnterrupted by either a sudden change of water tem
perature (lOOe to 300 C) or by mechanic&l. stimulus. When the mussel was removed from the 
water during the act of spawning the discharge of eggs was stopped by the closing of the 
shell; as soon as it was replaced in the water it opened its shell and resumed the extru
sion of eggs, In one instance a disoharging male was removed from its shell and replaced 
in the water without any cessation of sperm discharge (Miyazaki 1935), 

(J) Development 

The early development of this mussel is shown in Table II and Figure 29. 
These developments were at a water temperature of 1l.2OC and a specific gravity of 1.02330. 

TABLE II. - EARLY DEVELOPMENT OF IlYTILUS CRASSITESTA 

After Fertilization 
Hours Minutes Developmental Stage 

0 25 First polar body extruded 
0 40 Second polar body extruded 
1 20 First polar lobe appears 
1 25 First segmentation begins 
2 0 First polar lobe retracted 
2 25 Second polar lobe appears 
2 37 Second cleavage; second 

polar lobe retracted 
3 20 Five-celled stage 
3 30 Eight-celled stage 

16 25 Embryo begins to rotate 
53 50 Shell developing 

SOURCE: Miyazaki (1935) 
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Later developmental stages of this lllU88el were obtained easily b~ lI&ki~ ::race 
tows These naturally grown larvae were tound alft7l' to be taster in dey OplDen n 
corr~sponding larvae reared under art1!icial conditione in the laboratory, where:; t:
perature underwent greater variations than that in the sea. As ~e i ... terda~~~he ~.ter 
the laboratory was not controlled, growth ft8 irregular. TaLle g vd 
development of II crassitesta these being averages obtained trom laboratory obserntioJa . . , 

TABLE N. - LATEll DEVEUFIIENT OF IIITILUS CRASSlTBST! 

f---
Atter Fertilization 

Leagth 
Days (~) DenlopMntal stage 

.3 9S Hinge .traight; intestine ahort, 
th1clq yolk granules abuDdant. 

6 100 fioanaperent; anterior adductor macle 
appe s; intestine thinner, longer, 
looping on the len .ide. 

12 11.4 Binge Jellowiah 

.34 129 LiTer delble; posterior adductor 
macl. appear •• 

72 173 Statoo,..t appear. 

86 203 Ullbo stage; eye-.pot torlled; toot ftry large . 
-

Yoshida (19.36) ~',udied the deve10paent or the ve1lgers. When the tul.l7 grown .... -
llgers attained. length or 0.28-0.32 a1ll1aeter the velua beeue reduced, the pelagic ft

l1ger stage ended, and the lllU88el entered ita benthic exist.DCe. Thereafter, tbroagb the 
more rapid and broader growth or the ventral-posterior portion or the shell aDd the .. swap
tion of the dorsal-anterior portion or an acute angular tara, the change in the direction 
of the axis of the shell is att&1ned. aDd the adult tOl"ll results. During growth the teeth 
on the dorsal-posterior ra ot the shell beco.e reduced aDd eventaally tUsappear but those 
o~ the dorsal-anterior rim never disappear (Figure 30). 

Tbe clam reached a length ot D1De cent1aeters during the tirst year and I-:~ 
sexually mature in three years (lcho and O~ 19.38). 

e. Cul ture and Harvest 

Because so many IIOre tavored bivalves are ava1l.able tor huaan cOD8Ullption in 
Japan, this species is not cultured nor bas its culture been atta.pted.. Other specie. or 
the genus Y,ytilus are cultured in Europe, especially in France aDd lte1,., aDd there ..... 
to be no reason why similar culture could not be oarried out in Japan 1! o1rcwutance. 
warranted . This is not the ease at this tae. 

In those areas where II. crassitesta is harvested th1s is usually done by di
vers because at the depth ot water inval ... ed.. Where praoti,cal a long-handled r ake is Wled. 
The harvesting season is from December to larch (lobo and 0ah1Jaa 19.38). 

r. Utilization 

In Japan this speeies is used as tood only in the neighborhood of the InlaDd 
Sea. The meat is red in color, aDd best for eating purpose during winter and spriDs. 
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A 0.40 x 0 . 38 mm 

8 0.46 x 0 .47 mm 

C 0 . 76 x 0 .92 mm 

0 1.5xl.9mm 

E 2 . 5 x 3 .2 mm 

F 4.1 x 5.9 mm 

NArllRAL RESOlJROES SEOTION 
F~e 30 

Formerly the meat was boiled and dried into "Tansai" and exported to China . 
For home consumption it is used in soup. Much of the harvest 1s utilized as fertilizer . 
The shell is worked up into buttons and other decorative products, or c~ushed to make cal
cium. It is also used as cultch for the collecting of oyster spat. 

5. Pecten (Pecten) albicans (Schroeder) 
Japanese Name: ltayagai 

1842 Pecten 1agueatus Sowerby, Thes Conch, 1:46, p1. 15, fig 101 
1844 Pecten anton!i Philippi, Abbild Besch, 1:99, p1 1, fig 1 
1922 Pecten excava tus Yokoyama, Jour Coll Sci Imp Un! v Tokyo 44 (1) :183, pI 15, fig 6, 7 

(Non Anton) 

This is the species commonly referred to in literature as Pecten laqueatus Sowerby. 

This species inhabits sandy bottom in water from 20 to 40 meters deep and is dis
tributed along most of the coast of Japan where environmental factors are favorable. In 
general form the shell resembles Pecten yessoensis, but the valves are smaller and thinner . 
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The right valve i s deeply cupped, and the l eft valve is concave rather t han nat; the ear. 
are well developed and approximately equal in size. The radiating ribs are protlinent on 
the right valve and number 8 to 13 . The tully grown adult l118asures approxillatel;y120 1l1l
limeters in length, 105 in hei ght , and 35 in width. 

The harvest is gathered by dredging or by diving . The a dductor lIIU8cle 1. bolled 
and dried; formerly it was an item of expor t to China. The right valve , titted with a bam
boo handle, is used as a dipper. The shells also are used extenaive1y as spet collectors 
in oyster culture operations. 

6. Chlamys nipponensis alcazara Kuroda 
Japanese Name: Alcazara 

1932 Kuroda Venus 3(2) apPfll"ji1.x: 91 

This clam usual1 was conaidered to be a northern type ot wha t was formerly Chla
mys farreri nipponensis Kuroda (now f.. nipponens is). It is distributed along the cold wa
ter coast of western Hokkatdo, Aomori, Iwate, and Uiyagi prefectures (Frontispiece), where 
it inhabits water from 4 to 10 meters deep. It is found attached by its byssus to r ocks 
and pebbles in areas not influenced by incoming fresh water . The color of the outer sur
face is purplish-brown with an indefinite pele purple pattern. The normal size 1a usuall;y 
about 70 millimeters in length, 80 in height, and 32 in width. Since the depletion of Pec
ten yessoens is this species has been recognized as having greater importance than tormerly . 
In Aomori Prefecture a simple culture has been developed, consisting of scattering stones 
in water of the proper depth to afford a location for attachment and subs equent growth 
(leho and Oshima 1938). The muscle is bolled and dried prior to sale. 

7. Corbicula sandai Reinhardt 
Japanese Name: Setashij1m1 

a. Synonomy and Importance 

1878 Corbicula sandai Reinhardt, Jahr Deut *1 Gee, 5, 187 pI 5, tig 2 
1907 Corbicula biola Pllsbry, Annot Zool Japan, 61158; pI 7, tigs 7-10 

The genus Corbicula is a group of small fresh-water clams represent ed in Ja
pan Proper by four species and three ~!U'ieties (Kuroda 1938), three spec ies of which are 
used as food by the Japanese. These, with their general distribution, are as t ollows: 

(1) Corbicula sandai Reinhardt 1878: Biwa-ko, Shiga Prefecture; Ityoto Pre
fecture. 

(2) Corbicula leana Prime 1864: Honshu. Shikoku, ~shu. 

(3) Corbicula japonica Pr:1Jne 1864: Honshu, Shikoku, Kyushu . 

(a) 2.. japonica atrata Reinhardt 1878: Kyushu , Shikoku, Honshu. 

(b) C. jeponica sadoensis Pllsbry 1901: HOkkaido, Sado-shima . 

(c) .2.. japonica t ransversa von Martens 1877: Xanagawa Prefecture, Bon-
shu; Nagasaki and Saga pre fectures, Kyushu. 

A fourth species, Corbicula awaj i~nsis Pl1sbr y . al so is found i n northern Kyushu and the 
southern half of Honshu, but as it is seldom used for f ood because ot its small size it 
1s disregarded ~ this report . ' 

The three species above listed are the only fresh-water clams regularly eaten 
by the Japanese . Their culture is relatively crude. The species C. Japonica will be dis
cussed as a whol e and will not be subdivided into its component varieties, a s these are 
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not recognized by the clam fishermen and hence are not separated subspecifically. While 
the fresh-water clams comprise but a small part of the total molluscan food supply of the 
Japanese people, they are of considerable local importance. 

b. Characteristics and Distribution 

~. sandai is a peculiar form of Corbicula inasmuch as the umbones are unusu
ally high and prominent (Figure 31 ). The young shell has the shape of an isosceles trian
gle but this gradually becomes wedge-shaped as the clam approaches the adult stage as a 
result of the extension of the posterior region. The concentric rings on the sh:ii are 
very rough and quite regular in arrangement . The outer surface of the shell is orange yel
low during juvenile stages but becomes lustrous black with age nnd maturity. The area out
side of the pallial line on the inner surface of the ahell is dark purple, the area within 
the pallial line sutfused with light purplo . The hinge line is thick and strong and three 
main teeth are !Xl"ominent. The angle of both groups of lateral teeth is less than 900 and 
the posterior lateral teeth are long. 

Corbicula sandai originally was found only in Biwa-ko, but. now it :! ~ ~ound 
also in the waters of Kyoto City and in other nearby districts which belong to the system 
of this lake . 

This Corbicula had been transplanted from Biwa-ko to Suwa-ko in Nagano Prefec
ture. Kuroda (1936) reported that the form changed from the original triangular to round, 
owing to the influence of the environment. The clams did not propagate in spite of the 
success in transplantation, and their flavor was inferior to that of original Biwa-ko Cor
bicula. 

c. Habit and Habitat 

This Corbicula inhabits bottoms composed of sand having an admixture of peb
bles and shows a marked distaste for muddy areas. A weak current is also a requirement. 
The clam buries itself from two to six centimeters deep during the wintp~, reappearing at 
the surface in late March or early April. 

The life history and development i s unknown, but Miyazaki (1936) reports Q.. 
sandai to be dioecious. According to Kawabata (19.31), this .corbicula reaches its maximum 
fatness during April and May "when the wisteria flowers open" and suddenly decreased in 
meat weight in June "when the wisteria blossoms fall". He states that spawning occurs dur
ing these months. During the period June to September the weight is light and the flavor 
poor. To illustrate the relative quality of the clams at various seasons Kawabata gives 
the following figures on the volume of unshelled clams (gallons) required to produce one 
gallon (4.4 liters) of '~eat: Oct-Dec, 14-15, quality bad; Jan-Mar, 12.5, quality good; 
Apr-May, 7-10, quality best; Jun-Sep, 13.5, quality not good. KaW8bata also pointed out 
that the quality varies with the habitat. Clams inhabiting muddy places are poor in qual
ity and taste, while clams from sandy or sandy-pebbled areas where the water i~ clear and 
fast flowing are superior in quality. 

d. Harvesting Methods and Gear 

Two types of dredges are used to gather this species. In the deeper parts of 
Biwa-ko the "Ka1b1kiam1" is use,d while in the shallower Seta-gawa which flo\fs from the 
southern end of the lake the "Shijimikaki" is used. The Kaihikiami is a simple dredge made 
with a wooden or metal frame and fitted with a net. It is drawn from a rowboat at the end 
of two towing lines. The Shijimikaki is a hand dredge used from a rowboat. It consists 
of a dredge fitted with a thick cotton net, from which a vertical bamboo pole rises as a 
handle. Tbe fisherman in the boat pushes the gear into the bottom and, by using the side 
of the boat as a fulcrum, rakes back and forth with it as the boat moves or drifts slowly 
along. 

e . Production and Utilization 

In Biwa-ko the clamming operations are carried on throughout the year , except 
tor a closed season in late spring. At Seta on the Seta-gswa, the Shijimikaki is used the 
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year round with no closed season. One person is able to gather frOID 53 to 95 liters of 
clams per day. The total ot this species taken in Bi .. -ko during 1942-48 is given in Ta
ble 11, and the uount caught in the Seta-ga .. area duriDg 1947-49 is shown in Table 12. 
The meat of this species has the best navor just before spawniDg; therefore the harvest 
is ueually large during February-early lay and largest in April: 

The shelled clams 6l'e sold tresh in the Kyoto and otsu markets under the D&II8 
or ltawashijimi. By another method, in use for sOlIe 150 years, the clalls are placed in ~
~ fresh water for one night to alia1nate the sand in the alimentary canal. They are 
then boiled, and the meat is separated trom the shells by straining through a bamboo bas
ket and is sold as "Shigureni". The shell is powdered atter burn1na. 

f. Regulations 

The Fishing Regulation Act of Shiga Prefecture prohibits the taking of Cor
bicula sandai trom 15 May to 30 June, and the tak1l:!g of young shells less than 1.5 centi
meters in length at any time. The Seta-ga .. area is, however, specifically excluded traa 
this law, so that no closed season is in force on Q.. sandai there. How long INCh ;;. limited 
area can support an annual harvest such as is indicated in Table 12 without the aid of cul
ture activities is an open question. 

g. Influence ot Water Level on Production in Suwa-ko 

In Suwa-ko, Nagano Prefecture, the distribution ot the shellfish Corbieula is 
limited to a depth of 50 centimeters when the water level is 759 meters above sea level 
(lliyaaa1ca 1949). Water around two meters with sandy bottOll 1s best for the breeding at 
this shellfish. Since the construction of a dell, all sorts of fishes in this lake have 
been depleted, presumably owing to the fiuctuations of the water level which range within 
about one meter. The water level often falls in winter, and this coincides with the spawn
ing of Corbicula. The depletion of Corbicula production (Table 13) may possibly be the 
result ot this fiuctuation, although other factors such as over-fishing must yet be inves
tigated before a definite answer can be given. 

8. Corbicula leans Prime 
Japanese Name: Mashij1m1 

1864 Prime, Ann Lyc Nat Hist New York, 8:68; fig 14 
1878 Corbicula pexata Reinhardt, Jahrb Deutsch Mal Ges, 51193, pI 5, fig 6 
1907 Corbicula orthodonta Pilsbry, l.c.p 156, pl 7; fig 1, 2, 5, 6 

This species is distributed in Honshu, Kyushu, and Shikoku, where it inhabits 
areas with sandy bottom. Anterior and posterior II8l'gins are almost symmetrical, the umbo 
forming a rounded projection. The surface is glossy black and covered with rough, regu
l arly concentric lines. The young shell is faintly yellowish-green with an irregular brown 
pattern. Inner surface is bluish-purple. There ere two _in teeth on the -right and three 
on the left valve, with a long lateral tooth. The size usually attained is 43 by 37 by 22 
millimeters. The ovary of the mature animal is grayish, the testis grayish-white . Young 
shells attain a length of one centimeter at the age of one year, two centimeters at the 
age of two years (Icho and Oshima 1938). 

This clam is one of the most common or the Japanese fresh-water species and in
habits clear brooks and ponds. The spawning season extends trom June to October (Icho &DCl 
Oshima 1938). According to Miyazaki (1936) this clam is monoecious and incubates its young, 
the inner gill lamellae being dU'ferentiated structurally for marsupial purposes. The 
early larva is furnished with a velum which is useless for swimming. The D-stage larva 
within the mother shell attains 237 J1 in length and 193 u in height. When compared to the 
same stage of marine bivalves, it shows more advanced development in its general organiza
tion, the larva already having well-developed functional gills, a foot., and a byssus (Fig
ure 32). Immediately after the discharge trolD the .other shell the larva enters the bot
tom life, and when it reaches a length of 1.5 millimeters brown pigment appears on the 
outer surface of umbo (Miyazaki 1936b). 
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The meat is seasoned and eaten fresh or is canned. The shell is frequently used 
for making shell toys or is IDf1de into tertilber. 

9. Corbicula japonica Prime 
Japanese Name: Yamatoshij1JD1 

1864 Prime, Ann L;VC at Hist New York; 8:68; t1g 15 
1877 Corbicula biformis Reinhardt, Sits Ber Cee Nat Freunde Berlin, p 70 

This clam prefers the brackish water of river mouths and is found in Honshu, Kyu
shu, and Shikoku at a depth ot about eight meters on a bottom 70 percent sand and mud. As 
compared with Corbicula leana, the umbonal region is larger and the ventral margin forms 
more nearly a straight line. The outer surface is glossy black ta.nd usually bears a radial 
patten. Young abeD s are yellowish-hrown. Concentric lines are rough and sometimes ob
scure, the anterior lateral tooth longer than posterior lateral tooth. The inner sm-face 
is pale purple, blending to milky white in the deepest part of the valve. The sue is usu
ally 40 millimeters in length, 35 in height, and 22 in width. Uiyazaki (l936b) reports 
that this species is dioecious and non-incubatory. 

The most intensive fishing tor this species occUrs in the mouth ot the Tone-gawa , 
at Shiishiba, Chiba Prefecture. Here two methods are used, both involving the same gear, 
which consists of an iron rake , a basket, and a bamboo pole (Figure 33). In one method 
the dredge is held by hand at the stern of the boat and the boat is moved by means of • 
lOO-meter loop attached to a winch and fixed to a pole planted in the bottom. In the sec
ond method two dredges are held by hand at the stern of the boat, and the boat is moved by 
means of a "water sail" measuring three by three meters. This sail is of canvas or other 
IDf1terial, with a weighted frame below and a bamboo pole above to act as a noat. Submerged, 
it drifts with the current, pulling the boat alowly along. The direction and speed is con
trolled by a dragging anchor. 

Fishing is engaged in during the entire year, but as the table quality of the clam 
is best in winter the peak of the harvest occurs during that season. The Japanese believe 
that soup made from the meat of this species is an effective remedy for jaundice. 

10. Meretrix lamarckl1 Deshayes 
Japanese Name: Chosen-haaaguri 

1853 Meretrix, Cat Conch Brit Mus: .39 

This clam is very similar to Meretrix meretrix lusoria but differs from it in the 
following details: the shell is larger, thicker, and heavier, the ventral margin is .ore 
nearly a straight line, and the width is somewhat less in proportion to the length of the 
shell. The distribution is limited to the open ocean shores, whereas J!. !!. lusoria is 
found in bays and s1milar sheltered localities. An individual of normal size measures 100 
millimeters 1n length, 75 in height, and 45 in width. 

The breeding season is from June to August, but nothiDg is reported regarding its 
development or growth • 

.nong the open ocean coasts of Ibaraki and Chiba prefectures on Honshu and Oi ta 
Prefecture in Kyushu the shell is especiel.ly abundant, and these areas a!'ford exce.llent 
harvesting grounds. The harvestiDg is accomplished either by 8 deep-water dredge (Fig
ure .34) or a hand dredge (Figure .35). The meat is greatly desired as food. The shell 18 
used to l118ke high grade buttons and the whl.te "stones" used in the popular Japanese game 
of "Co". 

11. Mactra veneriformis Reeve 
Japanese Name: Shiofuki 

1854 (April) Reeve, Conch rcnon, sp 2 
1854 (June) Mactra veneriformis Deshayes , Proc Zool Soc, 21 (1853); 15 
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1854 Mactra qusdrangularis Reeve, Conch Icon, sp 3 
1854 Mactra qusdrangularis Deshayes, Proc Zool Soc, 21:15 
1871 Yactra veneriformis zonata Lischke, Jap Mear Conchyl, 2:121; pl 9, fig 7, 8 
1858 uactra bonneaui Bernardi, Journ de Conchyl, 7:92, pl 2, fig 2 
1917 lAactra qusdrangularis Lamy, Journ de Cochyl, 63:222 

Like Mactra sulcataria, M. veneriformis is an important food species. It also 
closely resembles the former in its distribution, breeding habits, and earlier develop
mental stages . 

The shell is triangular and very much swollen in a heart shape, the umbo highly 
pointed. The shell is covered by yellowish-brown periostracum, inside grayish-white and 
purplish at ventral margin. It has one cardinal tooth, two lateral teeth on t he right 
valve and one on the left. It reaches a length of 45 millimeters and is 38 millimeters 
high and 26 millimeters wide. 

It is widely distributed along the sandy coast of Honshu, Shikoku, and Kyushu. 
The spawning season ranges from April to July (Taki 1933). 

According to Miyazaki (19)6a) its breeding habits and developmental stages are. 
much like those of Mactra sulcatar ia. The young s helled larva is still rich in yolk; it 
measures 84 ).l in length and 68)l in height and has a faintly purple hinge. The largest 
form raised by Miyauki is a young spat which measures 403)l in length and 354)l in height; 
the umbonal region is dark blue and the liver brown in color. 

This clam is collected by the same gear used trrr Meretrix meretrix 1usoria, Vene
rupie, and Mactra sulcataria. 

The meat is used raw after shucking or is fried or otherwise cooked. 

12 . Schizothaerus keenae Kuroda and Habe 
Japanese Name: 1I1ruku1, Mirugai 

1950 Kuroda and Habe; III Cat Jap Shells, No 4, May 10 

This is the species referred to in Japanese literature as Schizothaerus nutt.aJl1 
(Conrad) 1837, which is an American species. The Japanese species was not separated untU 
1950 by Kuroda and Habe. 

Distribution is in Honshu, Kyushu, and Shikoku, and the clam is particularly abun
dant in Tokyo-wan and In the Inland Sea . The shell is thick. Because of the curvature of 
the valves there are two openings, at the anterirrr and the posterior margin, where the 
valves faU to make contact . The posterior opening is large, and a big siphon proj~ts 
from it. The Japanese name Mirukui (nCodlum eatingn) is derived from the fact that the 
poster i or margin of the ehell often is covered by Codium, a green alga. The outer surface 
of the shell is covered by a thick dirty white coating; the inner surfaoe is white. There 
is one V-shaped tooth on each valve, and two lateral teeth on the right but only one on the 
left valve. The size generally attained I s ).20 millimeters in length, 85 in height, and 
54 in width. Some of the largest reach a length of 150 millimeters. 

In Tokyo-wan the spawning season is normally from late March to early AprU and 
the harvest season from December to April. On the advice of the prefectural govermaent 
fishing usually is not carried on during the spawning season, al though th~e i s no law pre
venting it . The fiBhing gear is the same as that ueed for Atrina japoniea because the.e 
two species are taken during the oame season on the same grounds. 

Juveniles are preyed upon by Rapana thomasiana, Natica maculoss and starfish 
but the octopus is the only enemy of the adult. " 

The big siphon protruded from the valves i9 eaten raw or Is fried after the blaok 
akin has been removed. The Japanese consider it a delicious food. 
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13. ~ gould1 Conrad 
Japanese Name: llategai 

1867 Conrad, Am Jour Conch 3 apped 28 
1861 Solen gracilis Gould, Proc Bost Soc NS 8:26 

This species is distrib'!lted in Honshu, ShikoJcu, Kyushu, and south Korea. It is 
particularly abundant in the Inland Sea. 

Solen gouldi is a long, Blender clam having thin valves. The front edge is trun
cate and oblique to the longitudinal axis of the shall. The outer surface is dirty yellow, 
the inner surface grayish-white. The ligament is long and black. One main tooth is in 
the hinge. The dimensions of an average adult are 120 millimeters in length, 15 in height, 
and 12 in width. The foot is well developed and is used effectively in digging in the bot
tom mUd. 

The usual enviroment is a mud bottom under 4 to 20 meters of water. At low tide 
the clam's presence is indicated by the hole it keeps open to the bottom surface. If a 
pinch of table salt is dropped into this hole the clam literally jumps out of its burrow. 
This method is used for low tide harvesting. The clam is also gathered at low tide by in
serting a slender bamboo splint into its burrow and piercing it. On grounds which are not 
exposed a gear furnished with hooks is used from a boat. 

The meat is deliciOUS, particularly in autumn and winter, and is served with vin
egar and bean paste (miso). It is also used as bait in angling. The dried product was 
formerly exported to China. 

14. ~ (Arenomya) japonica Jay 
Japanese Name: Onoga! 

a. Synonomy 

1857 Jay, Rept J ap Exped Comdr Perry, 2: 292 ; pI, fig 7 10 
1875 ~ acuta Sowerby, Conch Icon, sp 12 (non Say l822~ 
1898 ~ intermedia Dall, trans Wag Free I nst , 3:857 

This is the clam r epeatedly referred to as !';l! arenaria Linne or as ~ are
naria japonica in Japanese literature. ~ arenaria is found along the northern coasts 
of the Atlantic and Pacific oceans on the American continent and is not the same shell as 
that which Jay described from Japan. ~ arenaria is commonly known as the soft cld, 
soft-shelled clam, long-necked clam, etc , and is highly valued in America as a food spe
cies. In Japan, however, ~ japonica is not used to any great extent as food. Reports 
concerning it are few, and data meager. 

b. Characteristics and Distribution 

Shell oblong-ovate, the left valve slightly smaller than the right . Anterior 
and posterior ends open, the anterior rounded, the posterior protruded. Shell covered by 
a thin dark gray periostacum, the inner surface white. Pallial sinus extremely large. 
Chondrophore flattened, situated just under the left umbo. Both siphons are thick and 
long, and together are bound in a chitinous she.ath. Length 90 millimeters, height 53 mil
limeters, width 32 millimeters (Figure 10). An extremely large specimen measures 170 1'11-
limeters in length. 

The species is distributed around the entire coastline of Japan from western 
Hokkaido to southern Kyushu, on both the Japan Sea and Pacific Ocean sides. It is appar
ently absent from the northern coast of Hokkaido In the Sea of Okhotsk . It also occurs 
on the Japan Sea coast of Korea (Frontispiece). 
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c. Living Conditions 

According to a survey by the Hiroshima Fisheries Experimental Station (1949a) 
~ japonica is widely distributed on sandy mud bottom 1I1 water which is somewhat brackish. 
The tidal zone inhabited is that which is exposed four hours after the spring high tide. 
It prefers a bottom type which is somewhat more muddy than that inl~bited by Venerupis or 
Meretrix. It buries itself deeply in the bottom matrix, the depth of burial varying with 
the size, season, and bottom type. Clams two to three centimeters in lengt h are usually 
found buried from five to six centimeters deep, while clams eight centimeters in length 
are found at a depth of from 0.4 to 1.8 meters. 

d. Reproduction and Development 

Yoshida (1938) reported the spawning season to be from May to June in Chinkai
wan, Korea. According to t he study by the Hiroshima Experimental Station (1949a) the sea
son f or spawning in Oleayama Prefecture is believed to be from April to October but no con
clusive evidence was obtained to narrow the season more closely. 

Yoshida (1938), working in Chinkai-wan, Korea, identified the young of this 
spec i es (Figure 36) by the characteristic features of the prodissoconch during the breed
ing season from May to June. Numerous vel.igers were obtained from hauls with plankton nets. 
The young shell is thin, fragile, grayish-white, and semitransparent. The ve1 igers were 
raised in the laboratory to the end of metamorphosis. At this time one of the larger indi
viduals measured 3.2 millimeters in length and 1.8 millimeters in height. The swi.nuning 
larvae, which are from 0.24 to 0.30 millimeter long, begin their bottom life by attaching 
to the substratum wi th the glutinous threads of the byssus , and the apical plate disappears . 
As an indication of their habitat choice, no specimens were found among seaweeds of the 
genera Enteromorpha, Ulva, or Sargassum. 

The growth rate of ~ japonica in the Hiroshima region has been given by the 
Hiroshima Fisheries Station (1949&) as follows: one year old, 4-5 centimeters long; two 
years old, 6-7 centimeters; three years old, about eight centimeters. 

e. Culture and Harvest 

The culture of this clam thus far has not been considered because of the abun
dance of better known species already under culture, but the Hiroshima Fisheries Experimen
tal station believes that this species could be cultured successfully and that i t has valu
able possibilities in the future. 

At Otoshima, ~kayama Prefecture, harvesting is carried on as a joint operation 
by the local population under direction of the local Fisheries Association and about 230 
men annually engage in this task. In 1945-46 one person could harvest an average of 30 lean 
per day, but the catch has become reduced to five kan per person per day because of over
fishing. 

At low tide the clam is dug by means of a hand hoe called "Taguwa". On areas 
where the clams are abundant a harvesting method called "Jinotoribori" (fort digging) is 
practiced. Earthen banks are constructed around the harvest grounds at low tide to prevent 
water from entering the area, and then the clams are dug out carefully. 

In deeper water a specially designed gear (Figure 37) called the "Oukogi" is 
used from a boat. A six-toothed iron fork is attached to a pole six to eight meters long 
by a ratchet-like apparatus operated from the other end of the pole by means of a pull line. 
The fork is inserted into the bottom with the teeth vertical, and the pull line working on 
the ratchet raises the teeth through the bottom stratum to a position at right angles to 
handle (Figure 37 A-E). The four middle teeth are set at an angle slightly below the level 
of the outer teeth at each end , thus formir~ a sort of shallow basket which contains the 
clams dug and prevents them from slipping out sideways when raised to the surface. The 
teeth, being curved, prevent the shells from slipping out over the tips of the fork. This 
type of gear has been in use since 1944. By this method two or thre~ fishermen in a boat 
harvest from 10 to 15 kan per day. This method is used principally from November to March. 
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Local association rules prohibit the takiQg or cl ... UDder six centimeters 
long, and harvesting is prohibited during the epawning e .. eon which is free Apr1l. to Octo
ber. Despi te regulations, however, the annual harveet is declining sharpl:y. Almost DO 

detailed production recorda are ava1l.able; hownw, at otosb1ll8, Okayama Prefeoture, the 
Biroshiu Fisheries Elcperimental Station reporte that the harvest in 1945 .. s TT6 metric 
tons while that in 1947 was only 86 metric tone. 

15 . Miscellaneous Species ~~~.!s.io~1 .~.~ _a.!,_.Food 

a. Salt-Water Species 

Scientific Name 

Barbatia obtusoides (Nyst) 
Trisidos tortuisa kiyonoi (~) 
Anadara scapha (Menschen) 
Anadara trisenicostata (N:yst) 
Chlamys erythrocOIII8ta (Dall) 
Volsella difficilis Kuroda & Babe 
Volsella metcalfi (Hanley) 
Volsella trailli (Reeve) 
Lithophaga curta (Lischke) 
Pinna attenuata Reeve 
Amusium japonicum (Gmelin) 
Glycymeris vestita (Dunker) 
Chama refl.exa Reeve 
cardIum burchardi Dunker 
Cardium enode Sowerby 
Cardium californiense Desha:yes 
Dos1ni.a japonica (Reeve) 
Dos1nia bilunulata (Gray) 
CycltDa sinensis (Gmelin) 
Gagrarium divaricatum (Grael.in) 
Circe stutzeri (Donovan) 
~sta chinensis (Halten) 
Ca1lista brevisiphonata (Carpenter) 
Sunetta menstrua1is Menke 
Pi tar sulfurea Pilsbry 
~ puerpera L. 
Saxidomus purpuratu8 (Sowerby) 
Gomphina mel ana egis Ro.ser 
Gomphina aeguilatera (Sowerb:y) 
Chione squamosa (Linne) 
Mercenaria stimpsoni (Gould) 
~ euglypta (Philippi) 
~ amabilis (Philippi) 
Paphia schnelliana (Dunker) 
Paphia vernicosa (Gould) 
Paphia variegata (Sowerby) 
Protothaca jedoensls (Llschke) 
Protothaca adamsl (Reeve) 
Arcopagia diaphana (Deshayes) 
Macoma tokyoensis Makiyama 
Tellina venulosa Schrenk 
Gastrana yantaiensls Crosse & Debeaux 
Sanguinolaria ollvaceB (Jay) 
Sanguinolaria adamsi (Reeve) 
Sanguinolaria boedinghBUsii (Lisehke) 
Salen gordonis Yokoyama 
Solen grandis Dunker 
Mesodesma striatum (Gmelln) 
Mactra maculata Gmelln 
Mactra antiqua Spehgler 

Japanese NaIIle 

l.ariganegai 
B70bugai 
Ryukyusarubo 
HagorOlllo 
Kamionish1ki 
Esohibarigai 
lokegarasu 

I shlma te 
Habokigai 
TauJdhlgai 
Tamakigal 
ltikuzaru 
Zarugai 
Ragazarugai 
Esoiahikegegai 
lagam1gai 
Hinagai 
OJd.eh1j 1m! 
'-angai 
Shiraogai 
Ilatll\J18l8waeure 
Ezowaaure 
Waauregai 
lwohamaguri 
NwlOlllegai 
Uoh1llurasald 
Kotamagai 
Okiasari 
Shioyagai 
Binosugai 
Sudaregai 
Satsumaakagai 
Ohsudare 
Awasudare 
Himeasari 
Oniasari 
Ezonunome 
Ichoshiratori 
Goisagi 
Saragai 
Shiratorilllodold 
Ieoehijimi 
llurasakigal 
Fujinam1 
Alcamategai 
Ohmategal 
llIOhalllagtn'i 
Iqulcyubakagai 
Ari80gai 
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b, Fresh- llater Species 

Scientific Name 

Lanceolaria oxrrhyncha (Martens) 
Unio douglaaiae nipponensis Martens 
Unio biwae Kobelt 
~r~s reiniaD8 (KObelt) 
Inversidens hIrBser- (Haas) 
Inversi dens ~nensis (Lea) 
Pseudodon omiensis Heinburg 
HyiOiOpBIB schlegeli (Martens) 
Cristaria plicata spatiosa (Clessin) 
Anodonta japonica (Clessin) 
Anodonta laut& Martens 

TOTAL CLIW PRODUCTION 

Japanese Name 

SasaDOha 
Ishigai 
Tateboshi 
Otokotateboshi 
Setaishigai 
Matsukasagai 
Katawagai 
Ishigai 
Kara8Ugai 
Tagai 
Numagai 

An attempt to arrive at sstisfactory statist1cs regarding annual production ot 
the various species of edible clams discussed in the preceding pages 18 both diff1cul t and 
confusing. This is due to two factors: (1) the annual figures are in themselves very in
complete; (2) the Japanese fiaherman does not distinguish between many of the species col
lected and hence various species are grouped together and claas1fied merely as "Others". 
During some periods a given species may be reported annually and consistently; then tor no 
apparent reason it suddenly appears lumped together and reported under the heading "Others-, 
Thus anrntal production for many of the species utilized tor food cannot be determined, even 
when they are produced in considerable quantity. Statistics are relatively complete tor 
only t wo species, the ABari (Venerupis semidecussata) and the Hamaguri (Meretrix meretrix 
1uBoria), which are two of the princi pal species from an economic point of view. Complete 
figures exist for the Torigai, Fulvia mutica, from 1909 to 1944, after which time it ap
pears inseparably under "Others". statistics are available for Hokki.gal (Mactra aachali
nensis) for 1922-48, but prior to 1922 this species was lumped with "Others". In many in
stanoes no ssparation is made in the Japanese statistics between clams raiaed llnaturally" 
and clams which are "cultured", and beyond the available printed ligures there is no way 
of ascertaining further information or breakdown. 

Using all available Japanese data, Table 1 has been compiled to show the annual 
production of edible clams in Japan 1909 through 1948. 

Production reached its peak in 1943, when 323,883 metric tons were produced, the 
aecond largest harvest being 305,865 metrie tons produced in 1942. These figures indicate 
the pressure that was being applied on the people to provIde food during the late war years. 
As the population of Japan in 1943 was 73,980,000, the production of that year yielded 4.38 
kilograms of clams as food per capita. Talti!\g the figure of J2 grams of animal protein per 
kilogram, the production in 1943 yielded 140 grams of animal protein per capita for that 
year. 

During the post-Surrender period the annual harvest bas returned to about that of 
the best normal prewar years. For the total 1909-48 period, the harvest ot clams amounted 
to 5,842,833 metric tons, for an annual average production of 146,070.78 metric tons. 
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GLOSSARY 

1. Technical Terms 

The following definitions of technical and semi-technical terms are offered as an 
aid to the reader. Each term is defined. in the sense in which it is used in this report 
not in the all-inclusive sense found in a dictionary or in a biological vocabulary. The' 
shell features of a bivalve ars illustrated. in Figure )8. 

acrosome 

adductor muscle 

apical plate 

aquiculture 

benthic 

A minute body at the anterior end of the spermatozoan. 

The powerful muscle extending between and attached to the two hal .... a 
of a bivalved mollusk shell, the contraction of which closes the shell . 

A group of nervous or sensory cells found at the anterior end of the 
larvae of mollusks. 

Culture of things that inhabit water. 

Living in the sea bottom. 
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SHELL FEATURES OF A BIVALVE 
A -UMBO 

B - LIGAMENT 

C - LUNULA 

D - ESCUTCHEON 

J - CARD INAL TEETH 
1(- ANTERIOR LATERAL 

TEETH 
L - POSTERIOR LATERAL 

TEETH 
E - DORSAL MARG I N M - ANTERIOR MUSCULAR 

SCAR F - EXHALENT SIPHON 

G- INHALENT SIPHON 

H- BYSSUS 

N - POSTE RIOR MUSCULAR 
SCA R 

0- PALLIAL SINUS 

I - FOOT P - CRENATION 

A 

NArllRAL RE50llROES SEOr/ON 
F1iUn 38 

chondr1oaphere8 

cbondrophore 

ol1ia 

collector 

cultoh 

d1oec1oaa 

40rMl 

patropod 

A group of touch tllaent8 secreted b7 a gland in the toot of a bi
valved mollusk b7 which the an1lllal attaches itself to some t ixed object. 

Large or aggregated 8pherical bodies composed ot IIinute granules pres
ent in the c7topla- of cells. 

A cav1t7 or proce8s of the shell of a bivalved mollusk which supports 
the internal hinge cartllage . 

Hairlike proces8es tound on III8D7 cells, capable of rlbratory or lash-
1Dg lII<n'_ent. 

Any uter1al sucb as shells, laid down on a breeding ground to prorlde 
attacbaent tor spat; cultcb. 

Collector8 tor 8pat. 

Oppoa1te sues located in ditterent 1ndividuals ; an indirldual which 
1s d1oecioua 1s either male or temale. 

The larval shell ot a bivalved mollusk in the veliger stage . 

The back, or perta1n1Dg to the back of an animal . 

A lIIolluak ~ which the shell is a single colled unit; anall. 



ge£minal vesicle 

gonad 

hemoglobin 

height of shell 

hiDge 

larva 

length 

ligament 

mantle 

mollusk 

monoecious 

neap tidtl 

noriculture 

nucleolus 

nucleus 

ovum 

pallial line 

periostraC1lll 

Polar body 

prodis8oconch 

spat 

spermatozoan 

teeth 

trochophore 

umbo 

The nucleus of the egg prior to the formation of the pOlar bodie •. 

An essential sex gland such as the ovary or testis. 

The substance which gives red color to the blood. 

Distance fI 'om the umbo t o the ventral margin of the valve . 

The movable union between the two valves of a shell. 

Early embrynic free-moving stages of the clam prior to tixation. 

The distance between the anter ior and posterior margins of the valTe. 

A tough band of tissue which connects the artioular surtace. ot the 
valVNI. 

The curtain-like fold of tissue lying between the body of the cl .. 
and the shell . 

A soft-bodied salt- or fresh-water animal living within a oalTar80U8 
shell whicb is the product of specialized cells of the mantle; in 
this report clams, oysters , and snails. 

Two sexes wi thin a s1ngl e individual; hermaphroditic. 

The least tide in the lunar month. 

Culture of "nori", a gelatinous reddish s eaweed (Porphyra ) used as 
food by the Japanese. 

A rounded body found within the nucleus of most living cells. 

An essential agent of life processes tound ir. living cella. 

The egg or female germ product. 

The line or scar made by contact of the mantle w1 th the i nner surface 
of the valve. 

A chitinous layer covering the outer surface of a mollusk abell . 

A minute cell which separates from the egg in the early s tages ot its 
JllBturation. 

The ru~~entary or embryonic shell ot a bivalved mollusk. 

Veliger larvae of the clam (and oyster) which have attached themselves 
permanently to an object. 

The active male sex cell; sperm. 

Articulating projections on the b.iIlge of the valve which interlock 
and prevent slipping. They bear no relation to mammalian teeth in 
either structure or function. 

A free-swimming larval stage of mollusks having a per oral ciliated 
ring and in which the shell has not yet begun to form. 

The lateral prominence just above the hinge of the bi valved mollusk 
shell; the beak or shoulder. It is the first part of the shell to be 
formed. (Pl ural. , umbones) 



valve On ot the two halvea ot the b1val:Yed .aUuak all 

veliger A larval molluak 1n the nlUIII-b 1..n« etag • . 

velua A larval aw1.Ja.l.ng organ developed fro. the cUiAt.d r1.nc ot th 

ventral The under or belly aide of the a.ru.-l.; oppoei till to doraal . 

zygote The fertilized egg. 

2. Japaneee Cllllll Namea 

Japaneee N ... 

Agemald 
A.lcagai 
Altazara 
Akl taga 1 
Arieogai 

Aaarl 
Badagai 
Bakagai 
Ch1nm1 
Chosen-halllagurl 

Fukurogal 
Haiga! 
H~gurl 
Holck1.gai 
Rotategai 

Igai 
Itaysgai 
Kamisorig.l 
Ka.rasugai 
Maabijimi 

Matega 
Uirokugal 
Llirokki 
Mirugai 
~j1.ruku1 

Moga i 
Onogai 
Sarubo 
Satogai 
Setashlj 1:m.i 

Shiof'uki 
Taehigai 
Tairaga.i 
Ta irag 1 
Toriga1 

Ubagai 
Une a1 
Yama toshij 1m! 

Scientifio 

S1.nonovacula oanatric ta 
Anadara broughton! 
Chlamya n!pponenai . aleez.ara 
Pecten yassoeneie 
fllaetra speetabil1e 

Venerupis sem1deeuaaata 
Anadara brougbton! 
Uactra sulcatariA 
Anadara granoea biaenenaie 
Mere t rix laaarckll 

Anadara granoe. bi8.uen8i. 
Anadara gra.noaa bbenen.1e 
Meretrix meretrix luaoriA 
1!actra eachal1Denaie 
Pecten yessoenaia 

Uytilua or s8itesta 
Pecten albicana 
Sinonovacula oonstricta 
Itytilua or.seiteeta 
Corblcula leana 

Solen gould! 
Anadara subcranata; A. broughton! 
Anadara broughtoni 
Schbothaerua keenae 
Schi~thaerua II: ana. 

Anadara eubcrenata; A. 
Wya j aponica 
Anadara Bubcrenat.a 
Anadara aat 1 
Corbleula eandal 

. etra 
Atrlna 
Atrina 
Atrina 
Fulvia 

van rit ara.ie 
j a poniea 
japonica 
japonica 

tica 

Mactra eachalin naia 
Anadare grtUlo bie enaia 
Corbieula j nice 



3. Japanese Generic TeJ'IUS 

gai (kai) 
-gan (-kan) 
-gun 
-banto 
-j1ll& (-eh1.m) 
-1ad 
-lea1qo 
-lea_ 
-ko 
-retto 
-eh1.m 
-ehio 
-wan 

4. Uni til at "sur_ant 
a. Metric Unite 

Metric !agllsh 

1 IIicron - O. ()()()())9 1Doh 
1 millimeter - 0.039 inch 
I centimeter - 0.394 inch 
1 _ter - 3.281 teet 

k1loaeter - 0.621 1111. 

ebell 
riT8l" 
nhd1T1aiOll at a prefecture 
pen1nnla 
ial.aDd 
shall 
strait 
rl'ftr 
lake 
island. 
1a1.aDd 
curreut 
bay 

.. tric 

1 cubic c.att.eter 
1 sr-
1 Jd.lograa 
111t.r 
1 _trl.c ton 

1 lIqWU'e aeter - 10.764 &quare teet 10 oent.1.gnde 
1 hectare - 2.471 acree 

b. Japanese Unite 

Japanese lletric 

Ibn - 0.303 ccrt.iJleter -= 
1 8\1Jl (10 bn) - .3.030 centbletera = 
1 tllUbo - 3.J06 square _ten -
1 tan (300 tsubo) - 9'll.7 aq-.re _tent =0: 

1 go - O.lSO litera -
1 abo (10 go) - 1.804 litera -
1 koku (100 llbo) 180.4 U ter. -
1 Jean - 3.75 1d.l.ogrue -

100 

BDgliah 

o. ~ cub1c 1nch 
0.035 cnmce 
2.205 pouDda 
2.113 pint. 

2,205 ~ 
5/9 (O,abrenbelt - 32) 

Ebglieb 

0.119 1ncb 
1.193 inobell 

35 .583 ~ teet 
0.245 acre 

11.008 cWnc inabell 
O.J. 765 US gallon 

47.654 gallonll 
8.267 pound II 



~ 

V. .. ",ph 

TABLE I. - ANN UAL PRODU CTION OF EDIBLE CLA MS IN JAPAN, 1909-48 

(met ric tons unshucke d cla ms 9J) 

~~ JlWJ:I. ~ 
IIg!lllll!l!!!Ill . ,ald·9U1t&t , l.l!I.Qili lY!!! orut loa ~:7' /o_ •• o.Dal. 

·",rt- ·Baaagurl· ·Tori~ "&b .. l· "BokII:l .. 1· • t ata .. l l V Ot.b.ro Total 

~ 
~ 
~ 
~ 

Yaar Jetural Cultured .. tural CUltured 

19O'1 1.4,178 9,188 7,102 tcr> 
1910 18,255 1.4,410 5,670 1m 

1911 18,450 U,862 6,645 ID 
1912 20,141 U,521 6,)00 ID 
191) 11,400 6,151 5,))6 ID 
191.4 21,660 20,188 5,2110 ID 
1915 2),9)2 16,657 5,151 tcr> 

1916 24,847 17,626 ),9)7 liD 
1917 26,940 18,686 ),742 ID 
1918 28,556 21,782 4,507 ID 
1919 27,412 19,628 7,042 lID 
1920 . )0,573 19,281 7,102 III> 

1921 29,876 19,543 5,707 lID 
1922 9,)07 22,599 ),461 III> 
192) 11,505 20,48) 5,)74 III> 
1924 9,)56 18,239 5,088 III> 
1925 19,)76 24,:11' 6,0)) III> 

1926 12,821 19, '102 7,~ In 
1927 18,172 2',615 6,_ I!) 

1928 17,868 JO,44' 6,2:11 I!) 

1929 15,866 31,164 5,096 I!) 
19)0 16,725 24,'96 ',6211 I!) 

1931 16,)46 28,02 6,014) lID 
1932 19,'2) 29,')0 10,192 II!) 
193) 21,176 )5,m U,452 II!) 
19)4 16,98) ",522 12,817 II) 

19)' 1.8,750 0,840 lO,68' lID 

19)6 18,776 42,'98 8,400 lID 
19)7 17,9'17 61,72) 6,667 lID 
19)8 19,50) 51,767 5,6)6 lID 
19)9 19,601 ",084 4,8)) JIll 
1940 20,6811 59, 822 3,9)7 II!) 

1941 41,)77 64,766 11,032 10,67) 
1942 34,072 62,418 10,976 11,465 
1943 70,117 73,846 11,175 11,8)2 
1944 76,0781/ 57,9)4 ~ 16,OlS 
19J,5 fFI,766 1/ 30,569 1.4,0:11 

1946 II 27,0f!7 ~ 11,798 
1947 ~ 29,9)) )7 ,)48 
191.8 2),lI.8 tI 6,568 

TOTAL 9)7,749 1,24.3,945 2)9,06) 119,7)0 

Wal,ht of _t 11 cODildared about 1/15 of t h ... 1lJ11t ot tile "".huck04 olaM . 
"lJIagal " includa. ADadara. in .... rel. 

.atural Natural .at ural letunl latural d/ 

9,517 ~ ~ ~ 
)) , 5)1 

8,066 44,750 

7,09S t ~ 0,664 
7,4sa ~ 42,1.82 
7,10 V 45, 456 
8,178 if if V 60,691 

10,20) tI 65 ,762 

8,OU ~ ~ ~ 1.8,4)8 
4,601 42,6)1 
6,982 

~ 
tI 

~ 
46,244 

6,840 ~ 64,177 
8,628 66,189 

15,2)6 tI tI tI 56,787 
16,488 1,931 2,)47 ~ 

)O,@89 
2,9'17 2,017 2,921 25,944 
2,006 2,280 4,901 ~ )0,04) 
',2)2 ),157 2,m )5,409 

2,992 2,426 3,990 ~ 75,982 
2,4'" 3,01 ),94' 71,))2 
2, 606 5,475 4,7.l6 

~ 
84,as8 

1,646 6,96' 7,U6 76,215 
2,051 5,"7 ',840 66,401 

2,651 5,OlO ',265 tI 59,6U 
l',Ul 4,470 4,860 

~ 
1.8,450 

6,)82 ',495 4,'" 67,747 
',981 4,451 ',25' 1ll,566 
6,086 ',292 ',501 104,,6' 

6,0)7 2,647 6,123 t.I. 85,065 
10, '192 1,2)7 6,o<n ~ 77,1172 
12,341 1,0?6 6,900 ",301 
8,872 1,'97 ',617 ~ ",'41 
6,457 1,488 5,9" 120,367 

1,)0) ),465 12,678 21,5)1 59,074 
7,lSl 6,881 11,467 60,2)) 79,146 

12,)11 5,156 4,005 39,366 @6,269 

~ ~ 1,722 lS,174 ",626 
1,24) 2,0)2 20,)68 

~ tI 2,754 9,970 108,1.6) 

~ 4,6lS lS,498 90,00 f; 4,4sa 8,360 97,~M 

246,142 77,502 U5,00 178,164 2,557,916 

rlctan alb1_ 11 included, altllOllCh lell 1l1pOrtaDt. 
IIIcludo. VOl!I!ruph .llI1d."", .. ta (1946-48); ~ ... ratrilr lwooria (l946-48lJ P'ulYia IlUtioa (1944-48lJ ADadara .pp. (1909-21, 1944-48), ~ra .. chaltneDllll 
(1909-40" ~ Ja201111a, ~ Ja2OI11 .. , Schhot burwo k ...... ' ~ .ubcranata, 4r.dara crllDO .. bl ....... h ; ~ ferreri; ....., ..... auborenata, I tO. 
JDcluded ~ l"'oena . , liiidara cruel' bieeDlllli. ; ~ tarreri , lnadATa lubCNData, ete . 
IlIOluded ln "otblra (.aturalY;;--
IlIC1ud.a llaratrilr .ratrilr l ... or1a (1944-45 ) 
Included in V ... nmh .. lI1d~ (1944-45) 

lID. ~o data uailabla 
SOURCI. StaUaUoal Yearbook , M1l11atry of Acr1cu1t ure aDd 'ore.try , ar.e gapeDabadl (1947) . 

Cultund II 
ID 7) , 51.6 
ID 91,151 

lID 89,716 
In 89,902 
ID 75,486 
In 115,99'7 
In 121,70S 

ID lO2,861 
III> 96,600 
ID 108,071 
ID 125,099 
III> U1,77) 

III> 127,149 
ID 87,022 
III> 71,221 
III> 71,9U 
III> 93,~ 

I!) 124,918 
III> Ul,9,6 
ID 151,6l6 
ID l.44,_ 
III> 124,798 

III> 124,1.67 
II!) In,956 
II!) 149,865 
II!) 195,'7) 
I!) 222,717 

I!) l69,646 
II) 182,)65 
II) 152,')1 
II) 151,14' 
II!) 218,714 

12,357 238,456 
22,056 )05,865 
9,806 32),883 
9,742 253,294 
6,9)6 l.44,942 

10,m l'7'l,659 
16,'116 197,026 
19,209 159,608 

107,''19 5,842,8)) 

(1909-21) I rooten zwa_n&l. 
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TABLE 2 . -GROWTH OF MERETPl2$. MERETRIX LUS0RIA 

ON THE CHIBA CULTURE GROUNDS 

Y.ar 
Oat., of Days A.tt&r Length ;>idth W.ight 

Measuring Plant,ing (or) (em) (gr .... ) 

A Apr 2!! 0 2 .m 1.'/5 2.20 
Way 27 29 2.10 ].~ 2.f,r, 
Jun 2!! 61 2.27 l.~ 3.31 
Jul n !4 2J,7 2.1~ 4.18 
Sop 9 123 2.S!! 2.42 6.}6 
Oct 8 153 3.10 2.59 7.82 
Nov 8 1!4 3.17 ?~ 8.I.n 
n.e 9 215 3.18 2.71 8.51 

8 Jan 7 2.1!4 3.19 2.71 8 ·52 
fob 5 274 '.19 2.71 8.56 
War 8 303 ,.19 2.71 8.'9 
Apr 18 345 3.20 2.71 8.77 
Jun 21!!5 414 3.62 ,.n, 12.2! 
A"829 476 4.06 3.,2 16.06 
Oct 10 518 4.30 '.48 18.64 
Doe 12 572 4.'9 '.5' 19.32 

C Fob 24 646 4.J.l '.55 19.69 

~URC~. Higuruhi ot a1 (1937), .... ur_nt. bl' Chiba 'ish.ri •• 
Sxporimont.&t '!rutlen. 

TABLE 3 . - CLOSED SEASON AND SIZE LIMIT FOR 

MERETR.!.)5 MERETRIX LUSDRIA Qj 

Pretoct"JNt Closed Sealon Sh. LWt ( .. ) 

"omori Non. 4.0 
Niya,1 1 Jun-}l Jul ,.0 
FuIcu.hI.aa 1 WIJ-30 Jun 6.0 
Ibarak1 1 Wo,y-30 Jun 5.0 
Chib6 None 1.5 

TolO'o Non. 1.5 
Kanasua Non. 1.5 
Shhuolc& Non. 4.5 
H chi Nona ,.0 
WI. 1.-,1 Jul 

Wakayama 1 Jun-30 Sop Non. 
O,alc& Mono ,.0 
Hyolo 1I0ne ,.0 
Ok,,>,""'" 1 4"8-,0 Sop ,.0 
Hirosh1aa None }.O 

r~"chi None }.O 
Ehlao 1 lIo,y-n AU( -. TokusMu 1 \14;1-'" 'loT , .0 
Olt. 1 Jun-n ~U( """" [_to 1-30 Jun }.5 

SsE" 1 JI1I>-31 Jul ,.0 
Fukuolc& 1 Jun-}l 4ua lion. 
S>li....,. Mono } .II 
t,.Mka .. a Nono l'O Toy ..... Non. . ~ 

'!I Meretrix lOMrckU Is al00 Included. altho"", U 10 rar 
10" i.portant. 

SOURCE. 8u .... u or 'uh.rt •• 1938 

TA9LE 4-ANNUAL PRODUCTION OF 

ANADARA GRANOSA BISENENSIS IN KOJIMA-WAN, 

1891 -1936 

lID. 
5'1' 

roar 

1891 
1!92 
1~ 
1!~ 
1895 

1/196 
1~97 
l89I! 
11!99 
1900 

1901 
1902 
190' 
19d. 
1905 

1906 
1907 
1908 
1909 
1910 

1911 
1912 
191} 
1914 
1915 

1916 
1917 
1';1.8 
1919 
1920 

1921 
19Z? 
len, 
1~ 
1~ 

len6 
192'7 
19118 
1929 
l~o 

19)1 
1~~ 

19" 
1~ 
1~~ 

T01AL 

( lite rs ) 

Sood Cl ..... 
P~·Jcod 

IS8,621 
34.33t 

,&;.L,}1 
MIl 
MIl 

NO 
69.'57 

657 .1'97 
1.317 .(182 

59 .417 

124.258 
1011.2H 
20',~} 

58.SOI! 
,,411:1 

4S.969 
19.75S 
14.CI78 
n.707 
U.S.7 

18.342 
~.m 

'1.26<> 
42 ,J.FT 
'9.l32 

III 
47.'" 
28, 21'3 
69.100; 
1.4.~~ 

14.8~~ 
~1.698 

107,2aI 
SI . 261 
,2.14} 

I.} ,26<1 
'7,oe" 

9,1Ci8 
61.io12 

J.l.7 

64.009 
16 ,n~ 
U.l01 
II) 

III 

III 

1..176.'f\.9 

",aS h ,bl. 
rd . or KolIN 11 Co 

Adult eta. ... 
Proch.lced 

2'" '45 
L19.m 
571.4~0 
296.~7 

1.'72,207 

2.6112,7<;6 
'.n56.H7 
2.1'97. :112 ,.26,,021 
2.'83.552 

2.S!!,,1(l1! 
55},m 

1,995,264 
1.739.1a. 
1,1,36.112' 

1.;n~.9!10 
1.2S8.57} 
1.100.~ 
1.327 .426 
1.m.~ 

1,649. ,}6 
1. 114. 2S} 

61S.'1I'; 
729.91!0 
809.~ 

ij. 

MIl 
641., ~a. 
sen .771. 
299,1.30 
1.64.,S} 

~.f:#, 
~7.009 

'22.* 
26f1.<1.~ 
?}1I.1.49 

}2'.CI'IIl 
'91!.760 
291!.U8 
)/..l.m 
,se.m 

l4D:~ 
ll'l, \0, 
~,09l 

2"' , 

TABLE 5.- REGULATIO NS FOR HARVESTING 

PECTEN YESSOEN~IS 

Y1n'lllllm. 
Closed Go ... Preffllcture t~·o .,.,' 50;0..on RegtJ l&t1oNl 

I •• te 9.(\ Nona Mono 
Aomor1 10.(\ 1 1I&r-31 Jul D1vine prohibited 

Hokkaldo 
Tosh!a& 10.i> 

"'~" '-I} Shrlbe.hl 10.6 1 Apr-1S Jun 
!sh1k&r1 10.6 1 Apr-l5 Jun 'reeth or dredge 
1 •• hl0 10.i> 16 Ap .... 'O JWI lOust .,. oridor 
Ibur1 10.6 16 Ap .... }O Jun \.han 3." .un 
~u.h1.n> 10.6 1 1Uoy-15 Jul 
Tolc&oh1 10.6 1 lIo,y-l~ Jul 
lie....., 111.6 1 Doc-30 Jun 
CH.h1aa 10.6 1 Dee-,O Jun 
Ut.aa1 ~.'? 1 Ap .... }O Jun To.th ot dredge 

broader than 2.~ 
aun ........... ,. .. ~ _ ... ~ L I .. .... .... ' 

TABLE 6 - RELATION BETWEEN GROWTH OF 

SI NONOVAC ULA CONS TRICTA AND SPEC I F I C GRAVITY 

P.rted 
Looncth Hooi,,,, Thielm ... •• 181>t 

(011 ) ( 011) (ca) (cr .... ) 

At tao of rlantlne ,.4 1.7 1., 6., 

~. ~"-,~ '"1 SpeeHic ,rnltT 7.2 2.2 1.4 12.11 
1.(lH<;S . 

Spoc1Ne crarlty ~'5 2 .0 27 ·8 
1.1'1916 

~iri< Ir&Yl~ 7.9 2.4 2.0 20.} 
1. C'22" 1 . _ 

5)\110::1, '...,1ooorl (lge9) 

TABLE 7 - RELATION BETWEEN GROWTH OF 
~ CONSTRICTA AND EXPOSURE AT EBB TIDE QJ 

1l .... 1I ... 1 .. "", lIqooauro • \ 
5\.aUOlI .\be.,. J."o. lIIt.U IIbb Tid. Y 

t- YUle ~(cal (baun) 

1 I..toe II) II) 

r 4.72 1.1 H@5 , '.89 t.} 2660 
4 ,J.6 1.4 22:50 ,.n 1.4 l~ 

~.~ 

::n 
11.21 
1. 

u.. or p1,,,,,\.1.,. 1.00\._. md bArr .. , 



H 
Z 
~ 

I 
g 
." 

en 
[>l 
(') 

:e 
1'Ii 
J: 

o 
(') 

,:. .., ... 
"" ... 

TABLE B. - RELATION BETWEEN GROWTH IN ~. CONSTRICTA AND BOTTOM TYPE 

Station 

At tlrao of 
plan ting !I 

At t1rae of 
harve.t !!I 

1 
2 , 
4 
5 

al September 
iii October 

Height 
Above LLT 

(meter. ) 

NA 

,.2, 
2.51 
1.9'j 
1 .65 
I.e<, 

lIA' Hot applicable 
OOURC!, Fu,1iraorl (1929) 

Shen 

Length lI'1dth 
(ON) (ClII) 

4.'2 1.'2 

5.~ 1.1\4 
6.~9 2.17 
6.'16 2.21 
5.31 1.75 
5.'4 1.74 

--

Percentage of Sand 

16 C. " Cm W.i ght At llel"" llel"" 
(grams) Surl'aee Surfac. Surface 

'.75 HA NA HA 

7 .~7 n n 19 
12.75 17 29 , n 
12.'7 21 27 '1 
5.52 43 50 liD 
4 .4'1 47 47 liD 

TABLE 9.- GROWTH OF .§. CONSTRICTA ON NATURAL GROUNDS IN ARIAKE-KAI 

Oat. of Length "e1&ht lIonth. Atter 
Tear "usure.ent (ClII ) (gr .... ) Ratchlna 

1921 19 Apr l.n 0.19 7 
4111;7 2.50 0.47 8 
5Jun 2.97 0.0;6 9 
2 Ju1 ,." 2.06 10 

26 .lug S.Ol 4.75 U 
15 Sep 5.'7 574 12 
19 Oct 5.44 6 .00 13 

OOURC!: Fujiraori (1929) 

TABLE 10. - GROWTH OF S. CONSTRICTA ON CULT URE GROU NDS IN ARIAKE-KAI 

Date or Length Weight ~Ionthe "ft.-er Montha Arter 
Year Veasur.lnent (em ) (~r ..... ) J.fatehing Sowing 

1921 6 Aug 4.78 ,.19 10 0 
H Aug S.H 7.50 11 1 
, Oct 7.~ 11.90 12 2 
2 Doe 7.55 12.40 14 4 

1922 28 Jan 7.55 15 .10 16 6 
25 Apr 8.~ 228' 19 9 
25 MOl' 8.26 <!I..CO 20 10 

2 Sop 8.90 29.60 2' 1, 

1923 4 Jan 9.~2 '1.4(1 27 17 
10 AII& 10.~ 51·13 36 26 b 

W 00 IlRC! , Fuj1raorl (1929) 

Bor1na 
Dopth 

(ora) 

HA 

'9 
50 
46 
21 
22 

TABLE II . - PROOUCTION OF CORBICULA SANDAl IN B IWA-KO, 1942-48 

(metric tons) 

Total in Te,... 
Tear Unahueked lint of Un.hue ked !I 

1~ 217.1 34.8 739.1 
1~' 476.6 25.5 859.1 
1~ '27.6 4.5 395.1 
1~5 19j.8 17.4 446.8 
1~ 214.8 '9.7 810., 
1~7 178.4 'Z/ .6 592.4 
1~8 106.8 18.11 ,1IS.8 

, 
TOTAL 1.707 .1 1.£11 ., 4.231.6 

A.erage 24,.8 24.0 6d..5 

al Wa1!!1tt of unohuoked e1 .. e 10 Ca!Olllat«! hero a. 15 tiM. the .... ight of tho 
- Mat, baaed on erpen..ntal "Tidenee: 
OOURCI. Sh1ga profectu,,1 govermoent .tatutic. 

TABLE 12. - HARVEST OF SHUCKED Q. SANDAl AT SETA, BIWA-KO. 1947-49 
(metr ic tons) 

lIonth 1~7 1~8 1~9 

Jan 11.5 ~.7 12.2 
F.b 4.0 9 .0 24.6 
liar 11.0 22.~ 57.6 
Apr 47.7 40.' 64.7 
III;J 11.1 32.0 34.' 
Jan 6.6 50.5 ".6 
J1I1. 11.1 57.5 27.7 
Aug e.2 /04.0 22.1 
Sop 2,.0 5,.8 44.5 
Oct 111.7 ~5.@ 21.0 
No .. 5.2 6.7 57.1 
Dee 0.2 211.2 '5 .0 

TOTAL 155.3 38',~ 4}l.4 

OOOllClh StathUo. of Seta Fishing 4o.n 

TABLE 13.- PRODUCTION OF CORBICULA IN SUWA-KO, 1917- 4B 
( met r ic tons. unshucked) 

te&r Prod"ctton Y .. r Prod"Oti01l 

1917 66.9 19'5 22.8 
1918 49.' 
1919 43.5 1936 22 .9 
192n 12.6 19'7 34.s 

19'5 36.6 
1921 lS.2 19'9 46.1 
1922 19.0 1~n 41., 
192' 'O., 
1924 29.' 1~1 18.5 
1925 '0.9 191.2 15.0 

1~' ,., 
1926 34.9 1~ 34.~ 
1m 34.1 1~5 O.'! 
1929 24.9 
1929 25.2 1~ (1.2 
19'0 20.' 1~7 liD 

1~ 0., 
19'1 S.2 

No data annablo 19'2 8.0 liD, 

19" 26.4 OOIlRC. , lI1,yaoaka Cl~9) 
'----- !934 '2.9 
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