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Intreduction
Bvidance has been established that coértain fishee, when they are young,
oceur in the gostera belt in considerable nunber and mostly dizappear from
there ms they grow (Ohshima, 1954; Fuse et al., 1956; Fuse et »l., 1959;

Hatanaka and Iizuka, 1962a,b,g; Fume, 1962a,b). The most notable of them are

ILateolabrax japonicus, Hexagreppos otekii. Agrappus agrapmus, Sebagies inerpin,
and Sebmstea cblongus. Their coleonization and emigration concur genereily with

the increase and decreass of swall phytal anicals in the gZogterg belt, and they
are supposed to aggregmte there to foed on theme small animals on ;;gxgzg as
well a8 to be sgheltered snd protectoed frow the enemiss, It has ﬂgﬁb baen peint-
ad out that powe of tham are inhabitin. sm otheor Arcas ae woll, and Seobastes
inermis, for inastence, ie quite sbundant in the rocky area (Hatanaka and liguke,
19622}.-occupying it from the younger ou to the adult atage (Fuse, 19622].
Cbvioualy these two areas or major hatitets are utilized by a fish Sabaptes
ipermis equally at a certain time -nc differently at other. In other word, in
the mapner in which the fish lives changes ccour, with which, togethar with
that of other crganisms, ite relaticns with other beinge and the significance
of a compunity to its life is varying.

Although there are accumulations of detail.d knowledge and information

concerning varioua gspecta of 1ifs of fish and of the community it belongs to,

1} Contributions from the Soto Marine Biological Laboratory, No. 794.
Publ, Seto Mar. Blol. leb., X (2}, 1962. (Article 17}
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there has still 1little resaarch on the life hiatory of fiah from the develop-
aental and eynecolegicel points of view., Important aspects of ecology of a
fiah, for instance, diatribution, migration or food, are treated rather sepa-
rately from phaeses of its life history and its surrounding biotic compunities,
If the changes fn life of a fish and ite diversity, say the habitata of
Sevagtes inermis, ars closely connected with the development of phases of
life history and the trenaformation of surrounding communities, thia might
necassitate to observe the way of living at each perticular epoch in relatien
to the process of life histery and the interrelationships within a commurity.
This, in turn, would postulate that elucidation of life histories of consti-
tuent organisms ia one of the primary requisites for an understanding of the
dynamics asnd structure of a living community, though the community approach
is certainly valuwable in obtaining the genaral picture of & whole comnunity.

On the bagie of the results of the survey on the Zogtera and Sargassum
belts, obtained ao far through collaberation of the group of participators,
the present investigation has been directed towards an understanding of eco-
logy and life history of Ssbastes jnermis by piecing morphological’ changes
and reciprocal interaction in the communjty at each atage of life together.
Particularly the larval and juvenile lifs have bean paid much attention.

The black rockfish, or "Mebaru” in Japanese, Sehastee jperpie Cuovier et
Yalenciennes, is a member of the family Scorpasnidae, which coxprisea under
the present system of nom:nclature 8 rubfanilies apnd 21 genera in Japan.

This spocies has been scretimes placec in the genus Sabsptodag Gill, which
has been regarded distinct from the gonera Sebastichthys Gill and Sabaetas
Cuvier. However, Mataubara (1943} pade a ccmprehansivs apatomical and taxo-
nonjical study of the mcorpasnoid fish:s and consolidatsd the two Pacifiea
genora Jebastodes and Sgbastichthys into the Atlantic genus Sshastes.

Fractically little has been known concarning the whole progression of
life of Sebastes jinerpjs. Hinrtological obssrvatione on maturation and repro-

duction cycle of the specise have been reported in dotail by ¥izue (1957,
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1958s,b, 1959a,b,c) and Mio (1960, 1961). Hatanaka and Iiguxa (1962g) have
atudied growth and feod of the species in captivity. The descriptions on
morphology of the larvel and juvenile Btuges are briefly given by Heksmuras
(19%4) end Uchida (1943). 4s to ecology of the epecies, the fragmentary
accounte have been published by Ohshima (1954}, Fuse st al. (1956}, Kitamori
and Eobayashi {1958), Kitamori, Bagata and Kobaya;hi (1959), Fuse et al.
(1959), Kikuchi (1961), Hatanaks and Iizuka (1962g,b,q) and Fuse (1962a,b}. Faw
ara, however, availabie particularly on ecclogy of the larvae and juvenila.
Othor members of the genue Sshastes in Japan have baan paid little atten=
tion, save the subsidiary informetions from the atudies of the communities in
various areag, Descriptions of the larvas and jJuvenile have been presented
for Sebaetes pebhlegell Hilgendorf and Sebastes pschycephmlua pachycephalua
Temmineck et Schlegal by Inaba (1931}, for Sebastes pachycephalus nigricans
(Schmidt) by Pujita (1957}, for Sebastes hubbei (Matsubara)} by Nakamura {1936)

and ShojJime (1958), and for Sebasios pachycephalus pachygephalus by Siokawa
and Tsukahara (1961). In the North Atlantic and duropesn aress, Taempl eman
{1959) has investigatod the distributions of Sebastea maripus, compriging two

subspecies, apnd Sebastes viviparus, and Taning (1949) has shown the wide ex-

tensior of breeding area of Scbastes marinus. Lembtert {1960) has deacribed
the variations in food of Sobastes marinus. The larves of Sebasies in ths
North Atlsntlo has been the object of the intencive survay, and Steele {1957},
dinarason (1960}, Henderaen (196la,b}, Henssn and Andersen (1961), otc., have
reported on the distribution and abundance of the larvae and juvenile of

Sebastes marinug. Cther speciea have baen referred very little.
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Mothoda: Gears and Their Zcological Usefulneas

Yoat of the metheds and gears employed in this investigation have besn well
described and illustrated by Fuse {(1962a,b), sc only the particular construc-
tione and gpecificationa of gears and the ways they were operated are necesasary
to be indicated brisfly here, since the interpretstion of the data from thesae
neaaures are subject to coneiderable limitations in asome cases, vhich are im-
pesed by the gears. On the other hand, it should be importent to congider
thnif reliability as collecting measures in the ecological aurvey.
(1) The Tow Net

The tow net were used to collect pelagic larvee of s fiah aa well as to
sagple plankion organisms in the regions. Two of them, used sxclusively for
collecting fish larvae, wers made with filtering gausze of 40 and 11 meshea 4o
the inch, fitted to the opening ringe of 0.5 end 1.5 m in diameter reapective-

1y. A4 small flowmeter was fitted mlso to the ring at the centre. They were
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towed by & motored boet moatly norizontelly on surface end st a cepth of about
10 m or at bottom layer if wsater was shullowsr than 1C m. The duration of
towing wae various according to topography of localities; howevsr, the speed
was rogulated to cover approximately 30 m per minute and eventually the wvolume
of water filtered at sach haul was sstimated to ba 3C m? for the (.5 m dismeter
nat and 500 7 for the 1.5 & diswater one. In the case of deeper haula, the
neta travelled from the c¢epth filtering watar on ita way up. The errore canﬁfd
could be minimized by extopiing the diestance in comparison to the depth as wall
as by a practical attempt to let tha agile planiton animala aacape as far as
posaibel by slowing down the speed of heuling through the verticel couras, The
formar ie useful only to collect early larvae unable to swim ewiftly. &nd the
latter, which rimed to catch late larves anpd juvenile, did not work satisfac-

torily and catches were vary fow.

A nid-watsr trawl for collecting juvenile fish hae been proposed by Kato
&né Kurohiji {1960}, who suggeat that a net should be towed at higher =peed to
catch the juvenile of good ewimming power. Bridger (1958) has slsc pointed out
the excroding efficliency ¢f & modified high-apuwad tow net for catching the fiash
larvae. But these types of net were ncot used in the present investigation.

The plankion was cellected with a net of the filtering gaues of 130 moshes
to the inch, fitted %o the 25 cm diametsr ring. Thix was towed vartically from
the bettom to the surface.

(2) The Beam Trawl

The beam trawls of small size wors worked om mu'cy and mandy bottoms and
in the Zostera belt. Cne used in the HKapaovka B.y was witn 2 m bsam and the
other in the Neke-no-umi region with % m beam. Tho meshes were beth large
epnough to alow the escapement of small larvae of fisfh, but thees were fairly
good for the juvenile and swall fiehes, and the catches were sufficiently
quantitative.

() The Shank Net

In the Sargeasaum belt on the rociy reef & shank net was eificiently dragged.
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It had an iron beam on the bottom, bounded by a curved ircn bar to form the
semi-circular mouth, The breadth and the height of the meuth frame were 1
and 0.5 m respectively. Although the net was useful on bottom of such kind
whoare no alterpative measures could ba worked, the cateh by this net was far
from being guantitative, for the net had to ba bhauled a little up whenever it
atuck against rocks, and fishes could escape had they sufficient attention teo
do so.
(4} The Filter Net

The Hobukuro=-ami sno the Fakuro=wachi-spl sre both fundamentslly the
filter nets, The former fiphed in %he Neka-no-umi region was set between two
poles near the boitom apd of 4 m by 2 at the mouth approximately. The latter
cporated in the Sste Inland Sea for the sand-lance fighery wea 15 m by 6 at the
meuth. This wap sunken to the bottem on the strziis and was fishes on two
large anchors keeping ites mouth open. These can be regerded as tha quantita-
tive measures of catching animals which are drifting on currents, at the same
time tlhey are useful to some sxtent for analyeing movements of esome fighems
and prawns.
{5} The Guiding Barriers

The Masu-—aml is & kind of guiding barriers with a leader and squars pound
supported on poles end axtending from the bottor to above the water suirfaca,
for which Eazihara at al. (1958) have given detailsd descriptions. The size
of the guiding barriers was various uccoriing to topography. Being this gear
dependent its affectivencss on active movement and migration of animale, the
comparison of catehee for aach apesies effords clues to elucidate the activity
of animals in nature, though the data gained are not direcily convertible to
the expression of population aize.
{6) The Trammel

The tirenmels or anchorad gill-nets were uszd to catch large fishes parti-

cularly in the Sargassum belts. 4 sheet of the net was 20 m lonz and 1.2 m

high. Thie gear, although very effective for reef fishes, is not a quantité~
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tive measure, but the activity of fishes, by day ans by night for insience,
can be deduced from the catches.
(7} The coracle Hat

The coracle nat of nverly ths aame sigze to the trammels were also fishad
in the 3Saxai Channel. The catch by this pet is sufficiently quantitative for
the bottom fishes, if the distance ¢f drift was accur.tely messuraed.
(8) Diving

Tiving with the scubsa was m direct means to observe the behaviour of
fishes and other animals, to count and to collect them. However, the standar~-
dized methods of underwater cbaservation an? noting down events obasarved had
not been fully established yet, and unfortunatsly the results gained failed
to be treated statisticelly. while diving the subm2rged plants were reaped
quantitatively by using a quadrate basket, together with phytal animsls aspo-
ciated with them,
(9) Treatment of Materials

The animals thus caught with these gears were gounted by spacies,
measurad and weighed individually. The stomache of fishem ware opesned and
the contents were sxamined and identified, if poasible, to the species with
pumbers occurred. Out of the data obtained, those concarning Sebastes inermis
are treatsd in detail fn the present paper. For the plancton the volumes wara
meesured by ssedimentatiorn method apd only th: eubsamplee of various proportions
wars rendersd for examination of compoaition.
{(10) 2nvironmental Pactora

iy :La temperature, chlorinity, transparency and oxygen content of
wvater wore taken, and for th: rest of possible faciors, otherwiaed memaured

by the co-cperating sclentist, other reports should by referred,

Geperal PFeatures of the BRegions
The results, particularly regurding the pslagic larvae, are mostly obtain-

ed from the Easmaoka region., During the course of the survey of the Zogters
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and Sargassum balts, our obeervations were concentrated to the Kasaoka Bay and
its approaches, which was situsted on the northern fringe of the middle part
of the Seto Inland Sea. But after the iuvastigation on Ssbagtes larvas was
initiated, the observations ware extended to cover the adjecent weters of small
islands half way down to the middle of the main sea, which were lying on & line

from Kasaoka to a point projecting on the north coest of Shikoku {Fig. 1).

Fig. 1. The Kaeaokxa region, showing the positions of

sanpling stationa,

This part of the sea ia bounded on the north by the south coast of western
Honshu, on the south by the north coast of Shikoku, and on the east and wenst
by the scattering small island. It is thus well sheltered from the Pacific,
however, since the tidal currents ars atrong, water frow the Pacific flows
well on to there through the Bungo and Kii Straita. The maxzima of the tidal
currents in this part, read from the navigation chart, are around 1 knot, tmt
atronger currents ara often observed in batween islands.

The depth is for the most part pore than 20 n, but is less than 10 m for
the Kamaoka Bay, end the bottom is Tairly uniform and is largely of =oft mud,

In the shallow watera along the coasts of the bays and islande, Zostara
grows thicxly at places (Fusa,lgﬁza; Kita ané Harsda, 1962), and the maxrimum
standing crop of 2,352 gr wet waight per aquare metra in winter is given for
the inner part of the Emamoks Bay by Kita and Harada (1962). The Zoatars belt
extends rather desper when it occurs along the sendy ahorem of islanda in the
middle of the sea, and grows longer Llades.

The ielands in the middle of the ses are charact:rized much more by granite
boulders and rocke on the shores. The Sargesaum belt is the dominant vegetation
occupying these areas as well as underwatsr rock cutcrops. It flourishes in
winter and & part of it mey survives through summer, as is seun in Fig. 7.

These areas afford favorable and complex habitate for apimala and erall
algae, and sustain various biotic cousunities (Petersen, 1911, 1918; Colman,

19%9; Chshinma, 1954; Fuse et al., 1956; Kitsmori and Xobayashi, 1968; Kitamori,
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Nageta and Kobayashi, 1959; Fuse et al., 1959; Xikuchi, 1961; Hatapaka and
Tisuka, 1962a,b; Vuee, 1962a,b).

The trawlers for shrimps and bottom fishee and the sand-lance fishery
are most heavily operating in this region. The landings of the black rockfish
is repragenting usually less than 1% of the total of comrareial fisheries in
weight in the Xmmaoka Fishery District, while it accounts for more thin 25%
of the lendings by the reef trammels. Its landing in 1957 (fisoal year) was
46,125 kg for this dietrict.

The hydrographic conditions of the Kasaoxca Bay is describted in detail by
Murakami (1954), and the date of some environmemial features during the period
of the investigaticn are presented in Mi;s, 2=3. As can be seen, there are

lass romparxable differences in weter tspperiturs over the whale region if com-

Flg. 2. Sensonal fluctuations of the water temperature in

the Kupagika region daring the psriod of investigation.

Fig. 7. Seasonal fluctuationa of the water franaparency

and air temparature in th= Kaseoka region.

-

vodrsd witn vhe weamcnal variations. The c¢Llurinity there xeepe around 17% ,
squivalent t& W.T2x of salinity, wath little geographical variationa, excapt
the hsavy rainy seasons and stomy weeks.

A part of the resulis, on wuichk this papar is based, are also obtained in

the Naka-no-umi region (Fir. 4). heka-no-umi, & nearly detached brackish arm

Fig. 4. The Naka-no-umi region and its statiatical sub-

| regions.

of the sea, is comnunicating on one enf with the Iiho Bay on the Japan Ses

coast of waetern Honebu through the narrew Saxai Channel apd on the other with
the Shinji lake, almoat freshwater, through the Obashi River. Tidal range is
very small in this distriet, 0.3 m in an average, and the surftace chlorinity
drops from 18% , aquivalent to 35.52% of aalinity, in the Miho Bay to 9% ,
squivalent to 16.28 £ of salinity, in baka-no-umi. The surface temperature

showa fair difference in wintor between Naxa-no-umi and the Kiho Bay, but pot
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20 much in supmar. Seasonal fluctuations of some hydrographic features are

showm in Fig. 5.

Fig. 5. GSeasconal fluctuations of the water tempsrature,

ehlorinity and oxygen content in the Naca-no-umi region.

In thie region, too, Zvaters is predominating on the muddy bottom, speci-
ally ip Neka-no-umi. The whole of Neka-no-ual is almoat level, less than 8
» in depth except an abrupt depression near the seawsrd entrance. In the ¥jiho
Bay, the bottom salopes gently from a long eand beach on the west and south,
is very steop on the north along the rocky shore of the Zieosaki Peint, and
reaches the depths of 30 to 40 m in the middle. Sargassum is covering the
rocks anywhore in the waters, particularly cutstanding in the nerthern portion
of Naka-po=uri and around the Sigosaki Puint.

The records of cabches of Sobastes ingrmis by the trezmels in ithe Tomioka
region wers affordad by the Awaiusa Karine Biological Laboratory by courteay
of Dr. 7. Habe. Thoe Tomicka Bey is situated on the northern tip of the
Amaxuga Island by shich the Arisxe Sea ie bounded on the weat. The growths
of Zostera on the shallow muddy bettom and of Sargassum on the rocks are well

develaped.

Habitat
The blace rockfish occurs commonly in almost all of coastel waters of
Japan, from Hokkaido to Kyushu, eithur oo the Pescific coasts or on the Japan
Sea coasts. Some of socorpsenold fishes other than Sabostes inermis were alse

caught during the survey. Sedbastiscus cermorulus (Cuvier 3t Valsnciennes)

and Sebestesg oblongus Glntler were rost numercus in both the i{sssoka and the

Neka-no-umi region. Sebastes longispinis {hatsubera) ir the Kasaoka region

and Sgbastes schlegeli Eilgendorf in the Naga-no-umi region ware very rarely
collected.
Ax has been mentioned for the commercial tremmel fishery in the rocky

areas in the lasaoka region, the scorpasnoid fiehes are the important objec~
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tives, The relative abundance of the landings of Sebastes inermis, Sebaptep
gblongus and Sebastiscue narmoratus at the Kasaoka Fishory Market are sum—

parired in Table 1.

Tabla 1. Seasonal {luctuations of ihe landings of thres

scorpaencid fishes at the Kassoza Fishery Market.

(1) The Adult
The adult black rockfish is fished mostly in the offshore part of the
region and is very scarce in the inner part of thke bay. This is alsc o in

the Naka-no-umi region, as ahown in Fig. 6. This may bea largely dus to the

Fig. 6, honthly average landings in weight per guiding

“arrisrs-day in each subregion ©f the Naza-no-uni region.

poor development .. the rocky feafs in the inahers part.

The tranmmels are usually sat in and around rocky reafa. dxamination of
the nets am they wers lifted up into a boat revealed that most of the black
rocikfish ware caught 1n group rather than individually on the neta and thie
bappened almost all occasions at cariain definite positions of resfs. While
divinQNSabaste- inermisa was obsarved in the rocky arevas inhabiting from close
to the low tide mark down to 1% m depth in both the Kmsaoika and HNeka-no-umi
regions, However, Jjudging from the data of catches by the trammals, the range
of distribution may be extending further downward. In most casea the adults
were aggregating, 10 to 20 at a place, in rock crevices ant holea or were
lurzing underneath the boulders in smaller group or incividually, but were
seldom seen gruising on ahoal. The favorable underwater crevices were usually
present st these positions whers the black rockfish wae ceught in egroup.

Under or arong rocks were aleo found Sebastiscus parmpsoratus and occasinpal-
1y Sebagtes oblongus, but, differing from Sabagtes inzrmjs, they were always
reposing on rociks and not hovering. Agrammus sgresmus (Temmincx =t Schlagel)

and Hexapramnes ctatij Jordan et Starks were commonly seen resting upon rocks,

In tha peripheral parts of reefs Halichoeres poscilopterus (Temminck et

Schlegel) were numerous. The counon sea-stars, Agteriana pectinifera (Miller



ot Troschel) and Asteriss amurensis (Litken}, edible sea cucumber, Sti a
Jjaponicus Selenka, sea~fan, Copanthuas pervicirrs {J. niidler), snd mea urchin,
Anthocidaris grapsoapina (A. Agessis) were predominating large echincderas
crawling on rooks. DBeneath the bouldere and rocks were often found numerous
brittle atars, mostly Cphiomastix mixta Lutten, in aggregation. In the Nake-
no-umi region, QOmobranchus slegans {5teindachner) and other gobid fishos wers
abundant apong rocks, and Charybdisg japonjcus A. k. sdwards and Portunus p=la-
glcua (Iinnaeus) were the predominant large crustaceans. There wors, however,
few or no other fishes utilizing the same microhabitats as that of Sebapies
inermis, except some ofwliylic magrocaphalus {Basilawsky)} and Chromis notatus
(Temminck ot Schlegel).

The rocka were usually coversd with thick growthas of Sargasgym, eapecial-
ly in winter and apring. The vagetations of Sargassum harboured considerable
populations of small crustaceans, mollusks and fishes (Fig. 7 and Tablea 2-3),
The amount and composition of these phytal animels variad remarkably from
seamcon to season. The amphipods, the duminang specios of which were diffesrent
betwaan the Easaoka and the heka-no-umi region, were ganerally abupdant in
apring and diminiszhad in summer., while caprellids weres rather few in Haka-no-
uni, there were gbssrved rich populations of Caprells dapllevekjij Czerniawsii
on Sargassum in the Kiho Bay in March 1962, In the Kssaoks region, two prawns,
Palaenon serrifer (Stimpaon) and Heptacarpue ggnioculatus (Stimpson), ware very
such numerous in winter, whereas anothur prawn, Palaemon ortmsnni Rathbun, jin-
creased in susmer. Thus, the phytal enimals aes a whole in the Sarpassum belt
atarted decreasming in emount in early sumrcer und reached to the lowest in lata

suumer. The representativz fishes of the community wers Hypodytes rubripinnip

Fig. 7. 3Seasonal fluctuations of the emcunt of Sargassup

and phytal animals on it in tbe Kassoks region.

Table 2. Relative abundance of phytal animals on Sergassupg

and Egntara in the X{asaoxza region during 19%6.

(Temminck et Schlegel)}, Rudapius arcodes Jordsn et Fowler and Pgeudobleppius




cottoides (Richardson), and adult Sebamtes inerpis inhabiting among Sargaseug

Tabls 3. Parcentage composition by nuxber of major con=-
stituents of phytal animals on Sargessum and Zosisrs in

the Haka-no-uxji region during Eay to July 196l.

blades were very few.

Tha fish and other animals in the roery Sargsssum area am the biotic com-
munity have besn treated by Hatanake and Iizuce {1962b) end Fuse (1962b), and
the compoaitions of them are almost similar to the present cases. These fishes
are inhabviting in & same ares or in a sawe major habitat and may be united
closely together through food relations inte the whole structure of the com=
ounity, but their microhabitats and modem of life are, as has baeah aunggastied
by Okuno {1956}, so differeat and little actual and direct influencaes or
interacticna :ir:id posaihlg be &ocribable between thew for the moet pert.

{2) The Toung

Tha youneg black recikfish, messuring froem 2 to 6 cm ip body length, haas
heen paid much atfention, particularly in cornexion to the Zostara belt com-
nunity. In general, ih: young appear in the 2osters belt during spring and
summer (Ohshima, 1954; Fuee et al., 1959; HKikuchi, 1959; Hatanaxa end Iizuka,
1962a; Fuse, 1962m), afterwards only a small population ars remaining thers
{kikuchi, 19%59). This ie trus of the hake-no-uni regicn and thoss caught in
the innsr part of Naka-no-umi by the guiding barriers during spring and summer
monthes were mostly the young (Fig. €). A part of our unpublished data of
catches by the guldins berrisrs, constructed amid a Jostera belt of St. 33,

are gsummarized in Fig. 8. Youns Sebastes inermis was csught in large numbers

s1g. 8. Zlatches of Scbastes ibermis per guiding barriers-

day in s Zostera balt .

in April and June, but was favw in catches of September and Decembor when the
number of species of faah in the belt increased. The disappearance of larger
bleck roc«fish from the Zestera belt is almo noticed in the racords of catches

in the Tomioika region {Fig. 20). fTheas resulis support the assumption that
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Sebastes inermis comes to the Zosters belt only during its younger stege and
novas out after summer as it growa.
Az has besn reported by Fuse (1962a), the amphipoda wers abundant in the

Zostera belt in late winter and spring, but almost disappeared in summer. The

specles composition of phytal animals on Fostera was different from that of
the Sargassum belt and caprellids were relatively abundant. Like Palaemgj
orimanni in the 3Sargessum belt, Latreutes acicularis Ortmann increased in
nupher in sumner. Above all, Liala yifrea Sow:rby sometimee holded the over-
whelming majority amoeng them. Jempopleus torsumaticug (Leske) was the only
large schinodorms dominating in the belt, Among fishes, Rhinogobiue pflaymi
(Blesker), Cheenogobjus heptacanthus (Hilgendorf), Budarius ercodes Jordan et
Powler and Syngnathus schleguli Kaup were abundant throughout a ysar.

The habitat of young blseq rockfish ia by no means confined inshore to
the Zostera belt. Although the young were failed %o be fiahed by a shans n2t
in rocky areas hecause of the deficiency of the effectivenesa ¢f the gear, it
was confirmed by underwater obeervation thet they were inhabiting in the off-
chute and inshore Sargasaum belts. Contrary to the adult, the young were not
utliizing the rock holas or crevices epd were rather occcupying in aggregation
the room among ané above Sargasaum., 4 shoal observed at St. 102 in June wam
compossd of more than 100 fishass, and the population density of the young
agmong Sargasmum ble ies near St. 40U we nearly T to 8 per square metre,

Grcamionally the shoals of young black rockfish were cobssrved cruising
glovwly or staying Btill alomyside the rocka. Wien these young were chazed
by the obaservsr, they always tl.:d into ths Sergassum growtha, and in no occa-
ajion into roeck crovices or holes. The youngs lodging swong Sargupaum were
more or lesa solitary and were sheltering themaslves by Sargossum blades.

The populetion deneity of the sclitary young in the Sargassuy in the Naga-no-
umi reglon was ©.5 to 1 par square wotrus.

In the Zosterg belts, the shomla of the young, comprising 20 {to 30 indi-

viduala, ware oftern cbeerved swinming above ZJostera growths, there were soli-



ta;y youngs abiding by the blades as well. The population deneity of the
latter in the Beké-no-umi region was generally awcller than in the Sargaggun
belt and was 0.1 to 1 {er square metre.

Consequently, it is evident that the ways the young black rockfish iwe
utilizing the Zoptera and the Sargassum belt were basically identical. It ia,
however, still a metter of gueation whether the young discriminate these two
vagetationa, In many places in Nake-po-umi end around islands in the Kasaoxzm
region, the scatiersd patches of Zosters end Sargassum were growing tdgether
on the shallew grounds. When the patches of vegetatiops ware thin, the young
wore found nearly equally amdng both Zostera and Sarggsgup and the population
density for these aresas was approximstaly 0.5 to 1 per =quare metre ir Naka-
no-umi. On the contrary, when the patches ware thick, the majority of young
Sebaates inermis were found among §g§3@§ﬁhg. A clupp of Sargegsum on an out-
crop of rock covering an area of 2 x 2 mz, for instance, was lodged by 11
younge and none in the neighbouring Zosters growths. In an area near St. 400,
whers the thieck growtha of Zostera and Sargassum were lying side by aide on
the shallow bottom, a far pore large number of youngs were found in the Sare
gassur balt and shoals of them cruising above gZostera directed to the Sargagsum
belt whenevar they were threatenad. Thus, although the data of obsarvations
can not be presented statistically, it sppears that the young black rockfish
tonde to reaide in the Sergassum balt, though the leading importance seams to
e the presence of the submerged vegetations of any kind.

In the adjacent waters of the Seto karine Biological Laboratory, young
Sabastos inermis have been occasionally found in early summer months. In this
region the adult population is very small acd the Zestera belt davalopes poor-
ly. Sargassun grows in enormous quantity on reefs and rocky shores in apring,
but it nearly dies out usually by the middle of June and no suitable vegsta-
tions are available fer the young. sdventually all the young were ewimning
alongeids the rock <liffs.

The meaning of theass habitate, to conclude, ssama to be in that they
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firstly afford some sort of sheltering to the young which are still easily
imperiled by ensmies.
(3) The Juvenile

During our survey of the Zostera and Sargappup belts the juvenile of
Sebastes ineypis, about 1 to 2 cm in body length, have seldom been collected
with & beam trewl and a shank net, and it was also unauccesaful to collect
them with the 1.5 m tow net in the Sargeaamum and Zostera helts. The sole
specimen collected with the latter was from the bottom layer at St. 230 en
" Pevruary 22, 1959, and it measured 10.5 mm in body length.

However, the juvenile: black rockfish was obtained in quantities from
catches of the sapd-lance filter nets. The messon for this fishery commenced
in early March and from its very beginning the juvenile of Sebaatgs jpeimis
wore caught. They wers more abundant in the middle to late Karch end fewer
relatively large individuals oceurred in April. The distribution of body
length of juvenils black rockfish collacted by the filtser neks are illustrated

in Pigs. 9-11. There mre marked differsnce both as tc the sjize distribution

Fig. 9. Length-frequency diatributions of catchas of
Ssbastes inermis collected by the filter neta in various

aroas of the Knsaoza region in sarly harch 1958.

Fig. 10. Isngth-Trequency distributions of catches of
Sebastes inermis collected by the filter nets in various

arees of the sasaoka region in sarly April 1956.

Fig. 11. Length-fraegueney distridbutions of catches of

Sebagtes inermip collected by the filter neta in between

Shiraishi-shima and Litagl-shima in spring 1958.

apd amount of catches frow area to arsa. The offshore and eastarn populations
comprised generally juveniles slightly larger than ihose of other areaa, It
appears, though it hae to be proved, that theee arsa to area differences are

the resutls of the juvenils travelling inshore.

Since the sand-lance filter net is said to yield very little cateh of
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the juvepile of Sebaetes inermim when the net fails by mistage (o kesp its
poaition on the bottom and ie lifted up by the current to the surface layer,
the Jjuvenile are poseibly migrating in the boitox lay<rs. The sole collec-
tion of the juvenile in the bottom layer can be regarded as another sugges-
tion o this. Although the species, the mode of life and the actual size
are different, this trend is guite aimilar to the juvenile of the Atlantic
epecies, Sebastes marinua. Templeman {1959}, referring aleso to the findings
of other workers, atates "Although the greatest amount of towing resulting iam
the capture of the larvae shown in Fig. 16 was by 2-metrs plankton neta, cnly
one redfish larve of 26 mm (37 mn) was caplured pelagicelly in a planiion
net or young-fish trawl. Above this =ize all young redfish captures were by
bottoq otter trawl with & ahrimp-nat or stracpin cover on the cod-end or by the
Agamsiz trewl dragged on the bottom." Henderson {1961} aleo found that the
redfish larvee over 25 mm in length ware relatively scarce and none over 34
wm in the 10 » level and quoted the similar results of other investigations,

In one of the poorest catchaes by the sand-lapce filter nets fished for
Z hours At u atrait in the Kasacxa region, the juvenilas of Sebasntes jnemie
numbered approximetely 1,100, that is nearly one in 30 m? of water, and inm
woet instances in the mid-fiahery scason the catches of the juvenile were cal-
culated to be well over than 2,000 times of the pooreat. At the Salkai Channel
the population denasity of Juvenlle Subasties inarpie was sstivated from the
resulte of catches by =z filter net to be approximately C.0% to ¢.7 in a cubic
metre of water. These values are far more largsr than that of @ in 500 n3
recorded by the 1.5 n tow net at St. 230 in the opem part of the sea, Pre-
sumably the juvenile are not distributing evenly over the waters in these
high denaities, but are aggregating to the hottom layers on straits in patches
of varying size and density.

#ith these filter neta, the juvenile of 3Sebastes obilongus and Sebastss
sp. {pre=sumably Sebastes longispinis) were also caught. The juvenile of

Ssbastes oblongus wers particularly numerous in ihe Naka-no-umi ragion in
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sarly harch. Young Hexsgrammos gtakii and Agranmus sgrammus and the leptoche-
phalus larvas of Congridae warﬁ occasionally caught in feir numbers. At the
Sakai Chennel, the fishes and ahrimps migrating pelagically were alsc mors or
leas captured by the filter nets.
(4} The Larvae

The larvae, smaller then 1 ex in body length, were taken entirely by the
0.% m tow net. Since Sebaeies inermis is a viviparous fish, ithe psalagic larvae
caught comprisees only a few forme., As it waa impecssible to occupy the whols
region evenly, it was preferred to concentrate the regular collecting ecruises
more in the straite and coastal aresas not far from the possible spawning grounds,
and only at times the opsn part of the region wee visited. Loat of the larvae
¢ollected in the early months were those of the form junt after emergination
and the PFebruary specimens were all of the advanced form. The palagic larvae
of the scorpaenold fishes have not been worked out extensively ip Japar and
rearing observations of the emerginated larvae have not been undertaxen in the
course of the present investigation, their identification i# not of suprems
cartainty. PFurther, the situation ia werse, for, 86 has been stata§ by kizue
(19592), although the breeding season ie restricted to a rather short period

of winter months for Sebastes inemmis, that of Sebastisacus marmoratus is extend-

ing far longer overlspping that of the former. The larvee of scerpaencid fislas
are closaly resembling to each other in 2arlizr stages, and, therefore, for
identification of larvae from the hauls tha characteristica in pigmentation,
myomeres end apines snd other general features are followed down and ur both
from the advanced juvenile and pre-extrusion larvae. A relief is thet Sebaptes
inemis holds overwhelming majority over cther species of Sebastes in the re-
gion inveastigated.

A part of the results are illustrated in My, 12, and the dats based on

the meterials cellacted by the Cnomichi Branch of the Naisami Rogional Fisheri:s

Fig. 12, Distributien and abundange of the larvae of

Sebastes jnermis and other fishes in the Kasacka region.
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Research Laboratory are alse shown in Fig. 13. The majin concentiration of the

Fig. 13. Distribution and abundance of the larvas of
Sebaptes jnerpia in the Bingo-nada. 4ll larvas of slight-

ly differing form collected during January and February

1959 are comblned.

larvae in the vielnities of ahorea ie evidant, though on December 20, 1957,
tha larvae wers collected amid the Bingo-nada at the 10 m level, which waa
possible through dispersion by water movemanta, Bwen in the rather oceanie
waters in the North Atlantic, Templeman (1953) reports “"Young redfish appa-
rapntly huave a loang pelagic life near the surface. It is thais surprising, in .
view of the poeslbility of diatribution fer and wide by currents, that larval
radfieh at the surface follow so well the deepwr contours." This characteris-
tic feature of larval distribution is apparantly the result of breeding habit
of vivipairous Sebmsies,

The earliest occurrencea of the pelagic¢ larvae in Lhe hauls were in late
December. This first encounter ehows some discrepancy from the hypothesis pro-
posed by Mizwe (1959b). He stutea that the meturation of ovaries atarta in
Novembar and the larvae ere extruded during from early Januwary until early
February. ¥io (19§D) reporte the slightly earlier commencement of naturation
of ovaries, and Hatanaka and Iizuka (1962¢) says that the larvae are first
amergin:ted in the later quarter of December in the hatsushims Bay. Dluring
the present inveastigation the black rockfish with pre-extrusion larvae has
been noticed at the Kmeaoka Pishery lariet in December (#ig. 19}, These
differences may be dus to difference of locality.

There were no mar<ed difference hetween th: dey and ihe night catchas
of the larvne, where they were more abundant in the mid-water layera than on
tha surface both in daytime and in night. The day and night migration of fish
larvee are generally recognized, and recently Bridser (1956) has analyzed the
day and night variation in catches of fish larvee and has found far wore better

¥ield by night. But thia is not the case with Sebagise inermis larvae,

-19 -



Steele (1957) and Templeman (1959} have found the occurrence of pelagic larvae
of Spbastes garinus neer the surface in the North Atlantie. 4s the mid-water
layera in the present case are refvrred to distinguish it from the very surfacse,
they are actually not much differsnt from that indicmied as near the surface

by them.

The peak of the sbundance of the larvas was sttained in January. Although
the data availabla are few, it seems that the distribution of Sebastes ipsmmis
larvae i8 not at all related to thome of other fish larvae, mostly dppodytes
personstus Gifard, nor to hydrographic fac¢tors such as the temperature, chlori-
nity, ete.

The distributions of maéroplakton in the. Easaoxa region during the winter

wonths of 1957 to 1958 are also ashown in Fig. 14-17. The planicton inerssses in

Mg. 14. Cherts ahowing the distributions of totsl plaenkton

in volume,

Fig. 15. Charte showing the distributioens of total plankton

in velume and Sagitta srassa rpaj anaie,

Fig. 16, Charte showing the distributions of {alanus fin-

marchicus and Paracalanus parvus.
Fig. 17. Charts showing the distributions of Coamgipnodiscus

Bpp. and Noctiluca scintillande.

amount considerably in February and was as well abundant during spring. This
trond wes generally obsarved in other jyeurs. The major contributions to this
narxed increase were almost entirely frem the restricted members of plankton,
napely Sagitta crussa pajkaiemsis Togioka, jgctilyca acintillané; Lacartney,
Copoincdiacus app. and some copepeds, differing in compesition from area to
area and characterizing water masses. The distribution of Sagitts crassa naj-
ksisneis was clesrly conecentrated to a particular area of the region, which
ceused high value of volume of plankton in the ares, The pattern of distribu-

Fod
tion of Galanus finmarchicua (Gunper) resenbled .that of Segitts crasse paikai-

enais, HNot a fow Sagitta crases pajkaiensis were noticed to have saten up
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Calanus fipmarchicus and since the former is known to be voracious, there
night be the predator-pray ralationship between them, which could be the reason
nf the colncidence of ditributions of these twe animals, Among the bulk of
Sapgitta crassa pajlajensis taken on the aurface &t St, 200 on February 14,
1958, two animsls were found swallowsd up & fish larva each, probably the fry
larvae of the aand-lénce, and this figure equalled to that of the fish larvae
fourd in the hanl. Coscinodiacus spp. ea & group had rather inshore distribu-
tion, whereas Hoctjluce sgigtillangg extended ite range of distributiorn off-
shors. Paracalanus parvus was more abundant in the mid=water layers, 4= is
seen, Calsnug finmarghicus and Paracalapua parvus were not abundart in sarly
winter, when there were a wvariety of copepoda such as Agartica spinjcsuda
Gieab;echt, galsnopjs thoppsoni Scott, Centropages furcatus (Dana), Labidocera
bipinnats Tanaxm, TPortanua forcipatus (Giesbrecht), Fhyllopus msp., and Corycaaup
gpp. The patches of Corophium neroi Stephensen were recorded in shallow watera
and the congiderable amounts of Actinotrocha snd Cphiopluteus larvae occurred
at placea. To conelude, the plancton tends to be less verious in its composi-
tion as its totel volume incresses in spring, and there sppears o be little or
no relationship tetweeh the distribution eof fish larvse and other plankton or-
ganisms. This type of distribution of fishk larvae should be especislly charac-
teriatic to the larvaa of Sebastes inermis and auch that extrude ths advanced
progenies in the area where the epawning adults are inhabiting.

dinarsson {1960) states ", ..temperaturs conditions did not explain the
great annual and regional variations in the abundance and dietribution of the
Sebastes fry," and shows that the fry of 3¢cbagtes parjnus are confined to the
oceanic zooplankton community characterized by an abundance of Calapus fin-

parchicus and the comatant presence of larvae of Thysanosses longicsudata,

This kind of distributions or cowmunity are apparently consid:red on = larger

gﬂjﬂp“»l‘

a9cale, and his result on the agreement in distribution or Sebasies fry and
other zooplankton organisms is not relevant directly to the present case.

Templenan (1959) concludes, referring to TAning's view, "Lerval redfish tend
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to be more numerous above the deepar water benk and channel contours where
adult redfish are abundant.”

Congldering these remsults in relation to the hydrology and water movemanta
ef the Kasaoka region, the pattern of distribution of the pelaric larvae of
black rockfish are ascribable to dispersion than to directional drift.

(5) Related Speciea

Sebastae oblongus, the next abundant specise of the genue Sebastes in both
the Easaoka and the Naka-no-umi region, inhabits in the more or leas similar
hfhitata. Ax hes boen referred t¢ in the earlisr discussions, the adult occur
in the inshore Zogtera belt commonly aa well as in the Sargessum belt offshore.
The young visit the Zostera belt earlisr than those of Sebastes ipgermjs. Im
the Naka-no-umi region the juvenile were c¢aught fairly numercusly by the filter
net. Ir the juvenile and young atagea the way of living of Sebastes oblongup

appoars to be aimilar to that of Sebsstes inermis.

Growth

The growth of Sebastes inermis hes been observed by Mio (1960} and
Hatanaka and Iizuke (1962¢), ard they have presented the squations for the
length-weight and othar relations independently, some of whieh for the ssme
relation are alightly differing between them, They alsc have determined the
age of maturity from scales and otolithes ag the end of third year of lifs,
namely the sge—group 2, at about 16 cm in body length., Differing from their
conclusicen, a few matured female#s, i.e. females in spawning condition, of
sbout 11 ecm were found in the Kesaoke regsion in January, which were supposed
t¢ be in the age-group 1.

Svidence of the reaults of ccllection of larvea and exsminstion of females
at the fishary markets in the Kasaoks region tindicatea that the spawning season
axtonds frow late December tc late January, which has been mentioned in the
previous sactions (Pigs, 12 and 19). 7The data of =xamipation of maturity of

black rockfieh caught by trarmels in the Tomicka regiom during 1956 to 19%9 re-
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vealed similarly that the spawning seascn was sxtendiag from Decenbor to Fob~

ruary (Tatla 4).

Table 4., Peraentages of different stages of aaturity of

gonade in samples collected from the Towioka region,

Jmakuse, during 1956 to 1959.

Baping on specimens collected during the survey in the Naka-po-umi region,
the logalithms of body weights are plotted against the logalitime of body
lengths in Flg. 18. As has besen stated by Thompson (1942) that "inasmush as
the animal is oontiomally aept to change its body proportionu-during life, k
aleg is continually subject %o change,™ the condition coefficient ik in the

Pig. 18. BRelation between length end weight in Sebastes
{éﬂgggég of the Naka-no-umi region. .

length~weight equation is an good indez of any transformation of an animal.

Am ig eeen from Fig. 18, two reagreesiona are applicable for the duta, one for
those betwean 2 and 20 cm in body lsngth and the other for those above 20 cu.
It is emmily supposed that the third regreasion may be applied for the data of
those emeller than 2 cm. The similar finding has alao been reported by
Schamardina (1960). He has alsc analysed the relations betwsen various charsc-
ters and found different types of seits of regreasiona.

The lervae, emerginated from the female parents, measured around 4.5 mm
in total length and in February the largeat pelagic larve collected by the
yow net attained to 7.4 mm in body length. The wmigrating juvemile, caught in
Maxch and April by the filter nets, were largely 1 to 2 ¢ and thay grew up
ta 5 to 6 ce 1n June. In December, nearly 1 year after smergination, the
svorage ejze of black rockfish wae 8 cz in body length. HMHonthly length fre-
quancy 2istributions, based on the ssmples collected in the Kasacka and Naka-

no-uni regions are shown in Fig. 19, and eimilar illustrations are presanted

Mg. 19. Fonthly length-frequency distributions of

Sebastes jnemmim collected in the Kasaoks and haka-no-umi

regioni during 1954 to 1959,
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for the materials caught in the Zosters and the Sargassum belt in the Tomioka

Tagion eeparately in Figs., 20-21,

Fig. 20. Menthly length-fraquency distributiona of
Sohastes inermim cellected in the Zostera beltm in the

Pomiokas region.

Fig. 21. MNMonthly longth-frequency distributicna of

Sehantes inermis collected in the Sargassur belta in the

Tomioka region.

The general progresaion of alze distributions of Sgbastep oblongus im
aimilar to that of Sebastes inermis (Fig. 22). The rate of growth appears
Blightly higher than that of thé latter, ms has been reported by Hatanaxa

and Iizuke (1962g).

Fg. 22. Nonthly length-frequency distributionas of

Sebastes oblongus collected in the Nakaw«no-—umi reyion.

Merphology

In the pracéding saction, the process of growth of Sebaptes iperpis haa
bean trogstad particularly from the point of view of sige inerease, and in thia
section the morpholegical changes sre briefly described. A short -eacription
on the larvae and juvenile of Sebastes inermis hee been given by Uchida {1942)
and the primary object of ihe preasnt paper is not to afford furtiter detailed
degeriptions of them. Since the development or morphelogical changee are
closely correlated with ecology. they are certainly less su-gestive if deoaelt
with separatzly. Theas will bs discussed again together witih the community
aapacts integratively in the laat section.

A1l observations were made on the spescimens praserved in 70% alcohol.
(1) The Yolk-sac (Pre-extrusion) Lerva (lig. 27, A-B)

The specimens wers taken out from the matured female gonsed. This form
may not occur in neture ap palagic larvea,

The larvae measure 4 to 4.7 me in total lonpth. The yolk material has
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not been abeprbed completsly. The body-ia alender. All fins excapt the pec-
toral are not differentiated. ﬁo apines can be Been on the head apd opercuium.
Thers, too, are no pigmentation in the head region and along the posterior pore
tion of trunk. &ill raxers are not deveiloped. The numbers of the myomeres
anterior and posterior to the apus are 7 and 17 respectively. The sncout is
short and round, The hypural bones are not developed.

(2) The Pelagic Eaﬂ.y Fry larve (Fig. 23, C)

The larvae, 4 to 5 mm in total length, have almost abmorded the yolk
material, but fins are not yst differentiatzd. The body is 2till slender, but
the smout ie elightly produced. Parietal spinea rnd precpercular spines are
not Adeveloping. One melanqphore is present on the doreal surface of brain
cagse., The numbers of myomeres anterior and poaterior to the anus are T and 17

respactively. Gill raiers are not developed.

Pg. 23. Yolk-sac (pre—sxirusion) larvae (A4-B), palagic
sarly fry larva (C) and pelagic late fry larvae (D-£) of
Sebestes ipemmis.

{3) The Palagic late Fry larva {Mg. 22, D-&)

The lsrvae of about 6 to 10 mm have rather deep, stumpy shape, Separation
of the finfold int¢ dorsal, caudal and anal portiomz ie distinet. The uro-
atyle has turned slightly upward and hypural tones are developing. Sceme fin
rays ard discernible in the pectore) an® cwudal fins . Parietal and preoper-
ctlar spines have appesred. The jipmentat.on has progresscd and a cap of
about 14 melanophores gre prearnt on the Jlorsal surfacs of brain casz, and a
row of arboraacent malanopherss on both dersal and ventral esidea of poatanal
trunk, The numbers of myomores anterior and posterior to ths anus are T and
17 respectively. The first gill srch has none to 4 gill rakers on the upper
limb and 12 to 19 on the Jower.

(4) The Migrating Juvenile (Pig. 24, A-C)
| The juvenile are betwesn 1 and 3 cm in body length and theilr body chape

is dea, much more resembling the adult. Parietal and preopercular splnes are
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strong, but the formers tend to be less conspicuous in larger juvenile. Addi-
tional pigmentetion 1s seen at the base of dorsul and anel finp and is develop-
ing on the body into distincet pattern. The juvenile have 4 to 10 gill rakers
on the uppar limb of the first arch and 19 to 25 on the lower, obtaining the
full complement. There can be =een at least 12 myomsres in the postasoal por-

tion of trunk.

Pig. 24, Migrating juvenile (A~C) of Sebagtes inarmisg

(5) The Settling Young (Fig. 25)

The fiah ranging from 3 cw in bedy length up to 6 co resemble the adult
~ in general appearance. Its colouration is rather greanish brown and the pat-
tern of plgmentation cn the body is more pranocunced. Farietal spines are

nearly ocoverad by ihe akin and ineonspicuoua.

Fig. 25. Settling young of Sebasties inermia,

Food

Une of the moat important ecologleal relationahips among animalas is the
food ralationship.

{1) The Food of the Pelagic Fry Larves and higrating Juvenile in Relation to
tha Flangton.

The contents of stomacha of the pelagic fry larvae and migrating juvenile
were entirely poelapgic animale, mostly copspode both ip nupber and in volume.
The distribution and sbundance of the plangton in winter in the Kasao<ae region
bhas been mentioned in the earlier sec¢tion and here o part of the data of rela-

tive abundance of plankion species are¢ summarized in Table 9.

Takle 5. Percentage composiiion by number of major con-—

stituenta of plancton in the Kemssoka region in harch 1958,

The early fry larvae taken in tow net haula were few and moat of them had
no identifiable contents in itheir stomachs, and, therefors, their exemination
feiled to produce any etatistical repreeentation. Coe larva of about 4.5 mm

only was found eaten food and the contents of ita atomach were two egga pre-
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sumably of copepods. This cbeservetion agrees with the finding of dinarsson
(196C) who gave copepod egg as a principal food item of amaller fry of Sebas-
les parinus.

Very few late fry larvae were available for examination of contenta of
atomacha, The diet of late fry larvae collected in February was exclueively
paracalanus parvue, one or twe for each larva.

It is somewhat surpriming that the larvee in such an early stage and of
smaller size sat agile copepods of feir Bize compared {o the larvee themaelves
end that thie occura immediately after they sturt actively seeking for food.
dinareson (1960) noticed also smaller larvae of Scbastes parinus ewallowed
surprisingly larger food items, This may in a way suggeat that the larvee are
more active than are supposed. In view of these food habits it seems that the
larvae are gulping food animals singly.

The conitente of stomachs of the migrating juvenile caught by the filter
peta in Lhe Kapaoiks region were examined individuslly and the reaulte were

gumparized in Tables 6-7. Lifferencea in composition of food wers apparently

Table 6. welative importance of three principal food
copepods of juvenile Sebastes inermis, showh B8 percentages

by number in its diet, in the Kasaoka region in spring 1957.

Table 7. Relative importance of tour prioncipal food cope-
pede of juvenile Sebastes inermis, shown as parcentages Ly

number, percentage occurrence and average huebers in its

diet, in the Kagsao«e region in spring 195B.

associated with the size of the juvenile. For the smaller juvenile Paracalanus
parvus predominated in the contents of atomachs, wheresas in the larger juvenile
.three copepods of Paracalanus parvus, Acartia clausi and Copiropases abdominaljis
teaded to occur approximately in equall proportion, or Centropazes avdopjnalis
tended to form most important part in thair diet. Wwhen the diet of the juvenile
of same mige group are comparad for differsant days of collection, the similar

trend of variations is seen. In the sarlier scason food item of major impor-
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tance was Paracalanus psrvus and later Ceptropages abdeminaljs made up the
higher percentage of the diet, BEvidently the largaer food animals are taken as
the juvenile grow larger. The aimilar has beer obaerved by Einarsaon (1960)
and he has suggeated a preference for food itemd of similar size. 4s littla
or no other animales other than copepods nor plants have been found in the
stomacha in any significant nupbere, it appears that the food of juvenile
Sebastes ipermis is undoubtedly specialized amnd concentrated to copepods,
Aggregaticn ¢f the juvenile on to the atraite might also be related to the
rich presence of thees pelagic¢ copepoda thers.

There was a2 remarxcable difference between the early morning and the
efternoon diet (Table 7). The majority of the juvenile caunght in early morn-
ing ate very little food and many empty stomecha were found for early morning
spocimens, whereas the stomachs of afternoon specimens had always some contents,
Percentagen of occurrence of each fooi copepods in the diet were incidentully
Braller for the former than for the latter. There were alsc comsiderable dif-
ferences irn the average numbers of food copepods per stomach between the early
morning and the afterncon materials, and the latter exhibited higher nunbera.
These may be the evidence that the Juvenile are not feeding during night but
cre foreging by day.

Beaides these four ccpepods the fellowing animaels were found in the stom-
ache of the juvenile, nauely Githona simjljs, Cithops sp., Coryeeeus app.,
copepodida, Podon sp., oyside, and macruran mysis larvae.

In 2pite of prevailing food preferences in larvwnl fishes, as has been
ehown, for example, by Binarason {(196C) for Sebastes marinue fry, it is aleo
well lmown that the larvae may be sufficed with different «ind of food to some
extent., For the diet of plaice larvae, for instance, Shelbourne (1957) writea
“Ir the absence of vulpnerable animal food in January, the larvae ate plante

only," but he questions the wvalue of plunt food by saying "If sufficiently

sbundant, the large thin-walled diatoms, e.g. Bigdulphias apd Coagincdjscua,
mey help sustain larvse in the tranesition stage; when scarce, as in January,
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the energy eipinded during foraging sctivity may not ve balanced by the calo-
rifie value of the plants eatsﬁ." As has beesp menticned above, this kind of
change in food desa not ocour inlﬁgjgnjgg lnermis.

The pelagic copepods also played the jmportant part in the diet of juvenile
Sebastes oblongus and-thﬂir canpésition was roughly same to that of jJuwonile
Sabastes jinermjs. The juvenile of Hezsgrapmos otakijl and Agragmmus agranpum
cﬁught with the filter nets ftogether with juvenile Sebastes inermie utilized
alemost sxclusively the larger pelagic copepods., Above ell, the larvae of sand-
lance, immodytes personatus, which were drifting and migrating pelagically in
énourmous quantitie® over the area in sarly apring, were taking pelagic cope-
pods in the early stage and should be the first feood competitor to juvenile
Sebestes inermis, although they were rather smaller eater than the latter.

The amount of principal food copepode of these fishes in number outside in the
surrounding waters waes roughly calculated to range between 00 and 60C per
cuble wetre in those areas where Tieh larvas were gathering to, and this wae
nearly énough for sufficing them. This meand that in some other areas food
might be scarce to result in their migration.

{2) The Food of the Young and Adult in Relation to the Phytal Animals

The food of the young =nd sdult blaek rockfish has beon investigated and
reported fairly well {Fuse et al., 1956; Kitamori and Kobaysshi, 1958; Kitemori,
Negata 2nd Kobayashi, 1959; Fuse et al., 1959; Hatanake and Jizuka, 1962a,b,¢;
Fuse, 1962a,b).

The Zostera belt is regarded as a harbeouriny and feeding ground ¢f young
black rockfish, The food of them was primarily crustaceans, and thase items
oceurriars high in number and volume were amphipods, isopods and myside. The
pimilar food habite have been described by Kitemori snd Kobayaahi (1958),
Kitamori, Kagata and Kobayashi {1959), Hetanasca snd Iizuka (19625) and Fuse
{19622} in detail. Fuse {1962a) observed the evident change—over of the diet
from caprellids and gammaride to apall shrimps as the former food anicals be-

came scarce snd the latter increased in the enviromment, which has been wmen-
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tioned in the earlier section.

In contrast, when the young were asall and entering into tls Zosters belt,
the palagic copepods were utilized by them to fom the sajor part of their diet,
Kitamori, Nagata and Kobayashi (1959) writes that amptipods snd macrursn and
bracyuran larvae are prademinating in the céntenta of stomachs uf tleck rock-
fish in the Zostera belt, although in the early young stape copspods are aatsn.
From the data presented by Fuse (1962a) it is eviden:t that young Sqbastus jnep-
mis. depends ite food on copepods to a consiuuratle exievnt,

The blaci rockfish of mbout 6 to 8 cm were ceucht at the Sakai Channel by

the filter neta. Thase fishea consumed agphipods and isopada, for example,

Jasaa falcata (Montagu) and Ischyrocerus sp., which were not particularly asso-
ciated with sulmerged vegetationa, a5 well ap Lotiom-living shriamps such as
grengon affinis {de Haen). In thia stage of life, Sebapies iperpip ie not
feeding on pelagic copepods, yet it is m dubatabl: point whather tﬂosa food
animgels were taken on the mubstratum c: were Luitol whan they were swimming,

The principal food of mdult black rocafish wur. small crustaceans and poly~
chastes which were living on *Le embmersed plantrs wuch us Sargassup and jgg;gig
and on rocks. The food of ih adult heus aled bee:. z.own by Hatanaika and Iizuka
{1962L) and Pume (1962b) s phytal anicals. The o.adoiwl variationt in smount
apnd composition of phytal animnle iv the Hasae'™® s-ric.. are already shown in -
Fig. 7 und Table 2, The amphipou= wad emell shriwps as well as anajle are
abundant and the adult fed on them Jusins moat part . Lue year. Occebsjonally
the mysids were found in the stomachs o1 adult ‘lack ro.afish apd this, for ins-
tance, was obsesrved in the specimens cei.res at Si. 102 in summer when the
vhytal smphipods were becoming very acarce. T:. the hasa=no-umi region, too,
the auphipods were the dominent rhytal rnimale {fable ?), ard they formed the
major food for Sebastes inermis, thouslh often polyrbeetes, chaetograths end
even small sardincid fishes were utilized.

The available evidence indicates that tne fees.anr ground of young and adult

black rockfiah ia not mtrietly confined to the submerged vegetztions and the
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hebis of feedlng on pelagic animals iv retained in the adult stage for some
pert.

The food of Sabastes oblongus and Sebpstjscus mexworatus are somewhet dif-
ferent. dzaminmtion of contents of atomache collected in the laka-no-umi Te-

gion revealed that they were comparatively similar in food babit anu the major
food iteme were fishee, prawna, crabs and large isopods. The difference betiwsen

these food iteas and that of Sebastes inemmis is apparent, which appears to be

related to the differencea in habitats, morpholeogy of glll rekers and behaviotur
between these fishes.
(3) The Pood and the Structure of Gill Rakers anua Digestive Canal

The succossive changea in the morphology of gill rakers have been already -
mentioned in the previocus gection and are sunm;rized in Fig, 26. It is quite
remarkable that the late fry larva of 7.1 ma éats the =ame food animal, Para-

calanus parvus, as the juvenile end young in the submerged vegetations. The

Fig. 26, Development of gill rasers and digestive canal

in diagramatic view for juvenile Sebastes ipergie.

gill racers are not developsd well in the late fry stage. They apaced at the
intervals of (.05 mm approximately end ithe longeat raker meagures cnly ©.08 mm.
Thﬂée gill razers might be able to sieve much aﬁaller organisme than Paracalpnus
parvus and might be, in & sense, inefficient for this food animal of such size.
The gill rakers attain the full complement by the late migrating juvenile staée
and are slender and nerrowly arfanged. Heverthelesa, the diet are almost purely
pelagic copepods and very few smaller animals are eaten, which are sufficiently
largs to be filterad up by gill rakers.

Einarseon (1960) writes for Sebastes marinus "...the gill-rekers...bagin
developing...and thia enables larvae up to a siwze of 30 mm., to retain their
abllity to filter feed," but, as has been indicated, larval and juvenile Sebas-
toe ipermis is selectively gulping food organisms. Yasuda '1960g) states "The
cloft aize determines the trapping mechsniem or action and the mouth breadth

contrtls the pice of prey." The mouth cleft of late fry larvae of Sebapies
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M lpp.lrl to be just large enough for Paracalanus paryus., Yasada {1960p)
shows alse the clome rilationnhip between the gill atructure and fesding habit
and the changes ip fesding habit associated with the progress of growth for
plankton feedara.

As hes bteen mentioned eleewhers, the diet of Sebastes gblonzus differs
from that of Sebastes ijemmis in the adult stege. Generally, Sebagtes gblongus
faedn on larger feod animals than Sebastes inermis does. Gill rekers of Sebag-
tes oblongus are short and stumpy and not mso developed as in Sebpasies jnermis.
on the other hand, ip the younger atage, Sebastas cblongus too hes am well de-
valoped gfll raikers as in fabastes jperpis and ie utilizing eimilar food ani-
mals, Jt is evantually obvious that the changes in diet are associated close;r
with the mprphological development of gill rakers.

The development and differentiation of the digestive organ are directicnal
and ére nearly completed by the end of the juvenile stage, Tha expanaion of
the stomach proceeds in apparent parallelism with the increase in number of

organlsme in the diet.

Behaviour
(1) Activity

It hae been elucidated in the earlier section that the commercial landings
of Plack rockfish fall considersbly in summer and that the young in the Zsgtera
belt almost disappear from there by 3eptewber. The regular underwater obaerva-
tions by diving were undeptszen to deternine whether the vlack rockfiah were
migrating to somewhsre from these Rreas in supmer,

The upnderwater rock crevices at St, 102 and eurrounding rocke were chosen
for thie purpose and were visited once or twice a month. This diving station
wag located close to an islet and the rocks were extending from its shore down
to the muddy bottom of 20 m in depth. Most ol the black rocufish were observed
in rock coravices mnd underneath boulders and the population did not vary much

throughout a year. Occasionally, especially in June snd Revember, the adult
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were observed moving on shoala along the rocks, while the young were aggregat-
ing above and long the rocks and bouldsxe. In rock crevices the adult usually
taok the poaturﬁ of looking wp aslani, but they were not doing this in a.nnani-
mous direction and appeared indiffesrent to each other, In no occasion they
sesmed to be fseding actively in rock crevices. Fuse (1962b) hes reported that
the stomacha of black rockfish caught in pummer are often empty, whereas those
in winter contain a good quantity of food. The fluctuation of catches of black
roekfish by the guiding barriera in the NKaka-no-upil region poetulates that the

fish is active in winter (Fig. 27).

Fig. 27. Catches of Sebastea jinermis by the guiding

barriers and filter net in the Nake-no-umi region.

In July andlnecamber, the underwater obsservatione were made during a whole
day to Inew any diurnal changea in ecoleogy of Sebastes inermis. On doth occa-
sione, it was observed that most of the adult evacuated rock crevices in even-
ing and were back agsin in morning. It esemm lisely that they are foraging
during night, .

The diurnal varietion of cateches of black rockfish by the gulding barriers
is evident (Fig. 28). Three histograms in Fg. 28 appear to have different

patterna, but if they are analysed in view of day and night variation, it will

Fig. 28. Diurnal fluctuaticns of eatches of Sebagtes
iperpis by the guiding barriers in the Xssaoxs and Naka-

no-uni regiona,

be noticed that in upper two figures their peak catches are in the daytime and
in the lower the concentration of catckes ig in night. The majerity of catches
of the upper two in esarly sumrer were the young and that of the lower in winter
wers the adult.

As hap beon discusaed in the previocux mection, the migrating juvenile are
feeding mostly by day. It is, therefore, concluded that Sebastes jnermis is
active by day in the younmper stege snd by night in the adult stage, showing

distinct change in mctivity in the course c¢f growth.
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(2) kigration

The disappearance of the young bvlack reckfish from the Zeatera belt in
summer and their consistent presence in the Saprgassum belt suggest that the
young migrate from the Zosteras belt to the Sargaasum helt. The seasonal vari-
ations of catches of black rocikfish by the guiding barriers antd filier net are
. shown in Fig. 28. 4 nigh number recorded by the filter net in February was of
the migrating juvenile. There were another two paaks. The catches in summer
comprised almost, exclusively the young that were presumsbly migrating to the
rocky areaa from the Zostera belts, A large nunber of adult black reckfish
caught in December formed the third peak and this is dus to the activity of
the fish in bresading season. Accordingly there ascem to be three migrating
seasong in Sebestes inermia, althoupgh thess migrations are differemnti in nature,
in extent, and in ecological meaning.
(3} BSechooling

The black rocifish usually do not form a large shoal and, if a shoal is
formed, it is by no means of the #ame nature am, for inmtance, that of the
anchovy or horse mackere). Okuno (1956) distinguished different types of
gchooling in reef fishes and Kawanabe {1957) proposaed five xinds of fashion

ir socisal bahaviour for a freshwater fish Plecoglossue sltivelis Temminch et

Schlegel. The shoal of Sebastes inemmis is in 1ts nature in the stage of

"apgregating® of Qkuno’s proposition. The adult in roek crevicea were noticed
to come out from there inm night, but it is not certain whether they were moving
or. shoals or not,

In the younger stapes, howaver, tha shoal of blacx rocifish tends to
egsume the features ¢f schoel, having all members awinming in the same diree-
tion in accord.

It geems probable that the sdult are rather selitary, for their habitats
are strongly essociated with minor topography an: are unfavourable for them to
aggregate in large number. On the ccntrary., in the younger stages they are

utilizing open water much nore, which seems to benefit them to cruise on
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shoals. And presumably the schooling bahaviour im related te the feeding

"habit of taking pelagic animale am well.

Discuspion
--=The Life Biatory of Sebastes ineymip and ite Relation to the Compunity---

S0 far in the preceding discusasicns various aspects of life of Sebagies
insrnﬁs, if not over-all and thorough but péerhape of skeleton features, have
been dealt with under separate headings. These series of events sre by no meana
aimply cccurring simulienecusly but are affecting each other with varyinz impor-
tance and in various ways a8 the animal grows, The life history is not a mare
sequence of events occurring irrespectively and spontanecusly. It is a series
of progreswsive phases evolving oneé after ancther by bringing forth nev demands
of life and reselving them. ABsumably, in a phase of life the merphologieal
charactera would havé'ruling control over other requirements and then in the
next food hakits wight play the leading role in dete?gning the way of life. Am
the result of interactiona of varicus factors and depands renewing inherently
vith growth of the animal, the fundamental and rather abrupt changes of life
hava 10 be effectad, by which the whole course of life is divided into more or
leas atable phasea or the developmental atages, |

Shibuym (1956, 1961) has emphasized the importance of recognizing the de-
veloppwentel stage and 1life history for an understanding oqkhe wode of life of
organisme both at the individual or species level and in aynecolegical bearings,
as it is to be eatablished through whole course of life. Intrineic eignificencs
of progresmsive phames in the life hiztory of an animal hss alao been meseseed
recently by Vasnetsov and others (1957}). They have studied fish on thie line
and have proposed a certaio number of post-larval stages. These atages are de-
fined principally by the differences in morphology, specially of the internmal
ergens and struecture, in relation to ecologicel differencea such ms thoee in

habiiat, behaviour and feod. Although they have proposad the finer staging for

their fishes, the 1ife history of Sebastes inermis seems to be best undarstood
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scologically h} dividing it into the fallowing five major stagea afier emergi=-
nation. Thees might be eventuelly distinguished by eize lor convenience's sake,
and perhaps might not differ ac much from the coaventional staging.

1. Palagic ineptly-feeding fry

2., Pelagic plankton-feeding fry

%, Pelagic migrating juvenile

4. 3Settling young

5. Mult

The first stage muet be very short as the larvse are liberated in a fairly

well-developed form., No direct obmervations are available concerning growth in
this stage for Sebastes inermis but Fujita ll9§?) gave 8 length increment of

2.85 np in 20 days for a larva of 6.9 mr of Sebastes pachycephalus nigpicans,

end the firat atage of Sebastes fnermig could be assessed to laat for a month
at longest. Since the larvee have little ability to swim and are not feeding
actlvely, their movement and dispersal are largely depending on hydrological
conditions of the aga. In this and next atages they may be preyed upon compa-
ratively hemvily as larger carnivoroue plan<ton organismg are increasing in thie
864880N.

In the gecond stage the larvae sturt fezding actively and inereasingly as
the differentiation of .igestive organ progresses. Althoueh the gill rakers
are only poorly devzloped, this may rnot be so significant for feeding, since the
principal food is pelapgic copepods consistently until the early fourth stage and
the larvese are taking them apparently by gulping but nct by filtering. Yasuda
{1960b) has attributed the similar feeding habit even for the younger siages of
planzton-feeding fishes., The developrent of tinm i8 still poor and so the
chance of encountering food orgenisms must be the essential requirement, which
is favoured apparently by the increasz of food copepods in cliwater layers af%
this time ol the year.

In the third stage resrly all morphelogical devolopnents are completed and

the juvenile tend to descend to the bottow layer and greduslly migrate toward



the shore. The diast peligic copepod varies according to size of the larvae.

-j!hair concentration on the etretis might have two ecological mesnings, the mo-
vement of water and the especially rich food supply, though there ie generally
abundant presenco.or food plankton organiam# over the whole aves at this time.

The young in the fourth stage retain preceding food hebits for sometime
after thelr invasion into the submerged vegeiations, and then the change-over
of.principnl-rood takﬁa place from pelagic copepods to phytal animals cccurring
abundantly therea. In thias stage they may at first show achooling bebaviour,
pnrtiuuiarly when they ere oruising around over the vegetstions for food ocope-
pods, but later they tend to shelter themselves individusily by the plant growih,
probably at this time feading much or phytel animals.

The lasi stage is the long and stable cone mpent in the rocky area, The
primary importance of thies stage is to sscure pheltering rock crevices or holss.
Btill their way of living is not so much asscciated with sheltering place or
bottor in such & degres that Sebastiscus marmoratus is. Ococasionally they are
feeding on large plankton ;nimala, for which purpose their slesnder gill rakers
are obvioualy beneficial.

As to Sebastes garipus larvae, Templeman (1959) writes "They have a pelagic
life of at least ameveral months in upper waler layers." Steele (1957) also sug-
goata that the redfish larvae live near the surfese. If the third stage could be
ineluded, the -pelegic life of 3gbastes lnomis would be said to last at least
two monthe. However, the third stage can not be regarced u3 s suriace pelagic
life, and this is due to the difference in the mode of life of the adult; the
former is inhabiting in the coastal area, while the latier in the ceeanic watera,

Althougk the early larvae apre vulnerable, taxing into account the abundance
in thé following stages and viviperity of the species, the mortality in the ini-
tial stage may not be 80 high, &nd the focd situations outsidé nuring larval
stages seema to be generelly favourable. Hjort (1926) hae paid much attention
to morta}itr in tha sarly life hlatery of fish and, by seeking the most critical

period ip the very earliest larvel 2nd young fry steges, ascribed to it two
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factors of lack of proper food immediately sfter yolk ebsorption and offehore
drift. It is pot likely tho case with Sebastes inermjs, howevaer, that the
former event is seriously cccurring, snd thus it ig balieved that survival
curve of the larvae i8 not of the type of Rarr's {1956} critical peried model.

Concerning the critical perioed in the early life history, Shelbourne
(1957) deducea that the femine induces less of osmotie control in plaice lar-
vre resulting in local high mortality. Bishai {1961) shows good eslinity tole-
ran~e ivn ,arva~ of Balpon, herring and plaice, snd indicates the important role
VP tuR Lie CC...tior ami mulare ¢F Toid 3n i, Yoi®a et al. (1961) couclude
foov whel; vevecavations on the Jict an’ ligestlive capal of larvae of marine
fishem snd plancton in the enviromments that dissatrous high wmortelity of early
fry lzrvae may not occur from local scarcity of food in the natal ground only,
but the competition and predation in the pursery ground are much more sericus.
They alac show appsrent size-preference for food and ite changes with growth
in the fishes they aobgerved. 4s has been mentioned previously, predation by
large voracious plankton animals auch as Sagitta may affect survival of pele-
gic blackfieh larvee as well as benthic carnivoroua fishes do on the migrating
-juvenile of the same fish. It appears to be correct that, in his diacussion on
the critical period of fish, Pemrcy (1962} states *There is little evidence,
kowever, in support of his (Hjort's)} supposition that the mize of a year-class
ia determined during any single larval phasee. I4 seems more pilaueible that
mortality, which ia a combination of Jensity-depandent ani densjty-independent
variables, im important throwghout the entire esrly life history. ... Thisa sug-
geste that the 'critical pericd' concept is equivocal and cver-simplified. It
is of limited value aince it tells little about the causea, diatribution, or
rates of mortality."

A bamic trend Been in the life history of Sebastes inermis is the gradual
specialization of its habltat. It starts from the open sea, thep to the level
vottom of the opem sea, the coastal botiom, the submerged vegetation and fimal-

ly terminates in the rock orevices. PFor thess changes of habliat or migrations
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the food ia supposed to be playing the peramount role, If so, then evidencs
that the young in the Zogtera belt are feeding on pelagic copepods is somewhat
irreconcilable, Further, when the phytal animals in the Zopterse belts descrease,
they are also more or lesas declining in amount in the Sargassum belts, into
vhich the young lesaving the former are supposed to migrate, If the food and
hubitat of the fimh are gnalyaed an.i considered together, it will become clear
th;mtheir migration ia not induced merely by the food-preference of the fish
or by the abundance or scurcity of food animals ir the environment, but is re-
yaglonal topegrapby ag abcoRic -

flecting the indispensability of epecialized.habitat at eagh-lpoon;J The pimi-
lar ia shown for the herring by Hourston {1959) who states "It would appear
that the berring were neilther carried across the sound by prevailing currents
ner vere they sinply following their food supply. The fish appear to have die-
persed and gradually c¢ollected in the sheltered bays, inleat and channela,™

Hatanaka and Iizuke (1962a,},¢) have repeatedly emphasized that in the
Zostera belts the food sogregation and the ecological order for feesding, mea-
gured in terme of the ecological niche of food animals, are noticeable, ana that
Sebagtea inermis, ranied in the middle, is suppressed an. diminished by ohtere
through limitation of food available. However, it is obvious that the ecologi-
cal orier they praposed in this way has nothing to do with the aciual relations
between fishes and afforde no basis to suppose that fishes in lower arders are
contrelled their freodom of food-taking by the highers, fer inatance Sebastes
iperwis by FPseudoblennius cottoidep. Examination of food animels in the envi-
rooment reveals that thers is & fairly good quantity of phytal animals available
for fishes oven in ‘summer. It is also unlikely that, amone fishes of se dif;
ferent habits, the food segregation is result+~d in directly through the paucity
of food in the environment. These are the results of reflection of different
modes of 1life of fiah,

The cencept of comounity has been proposed, reviewed and defined by many
ecolegists (Macfadyen, 1957; Shibwya, 1956, 1961; KawanabE;, 1960; etc.) since

the time when Moebiua used the term "biactnose™ for the first time to the
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oyster bed community, and the mordern view emphasices the complex or the inte-
gration of mcting interrelations ae the esasential feature of compunity unity.
Yet it must be kept aware that, in the biologicel nature, co-existence of or-
geniews beth in space and in time ia a basic prerequisite to the ecological
relationghip. Then, how far it should be tracegfto grasp the whole community?
Colebrack et al, {lgﬁlj_write YRocauas there are so few barriers to their dis-
persal, pelegic communities are not 80 eamily clasaifiefand it is QAifficult,
if not impoesible, to uee the word *community' with any precise meaning. " If
the filshes swiftly moving after food plankton patches from area to area are con-
eidersd, the plankton community could be so hufe from the point of wiew of the
community as the complex of ecological relaticons betwean orgenisms. On the
other hand, as has been indicated by Beinrich (1962), the changes in the plani-
ton community in time ere scmetimea very well understood in the light of life
histories of component orgenisma, If the full evidence for life histories of
component organisms were pressnted, the pleture of a community, the whole of
agologienl relations between organisms or species, would be too complicated
-and extended vastly. There iz nothing to suppose that the surrounding biologi-

cal worlds of Sebastea inermis in the Zgsters and Sargassum belts could be the

communities of identigel nature, however it should hold overwhelpming cominance
in these, nor those of the adult and the yuung. Although Sebastes inermjs is
occurring in beth the Zostersa and the Sargassum velt, the ecologic:l mesnings
of theae two phenomena ere not exactly identiesl., It certainly should not be
denied that there right be similearities in the basic framewor: of community
unity, and the community structure and function could be brought into a genersl
understanding by the informationa of speciea compoeition, biolegieal proeduction
aystem and bioeconomic relationship; neverthelesa the answer to why and how it
ig mo there should be reached through thorough inowledge of Jynaric aBpects of
life historiea of member organisms, The community in exiatence at present is
naturally influenced by those in the psst or in other aress, say the summer

Zoatera community receivinz the legocies from the epring Zostera cocmunity.

- 4C -



There is community continuity, in which community discontinuity lies. 4s has
baen pointed out ﬁy Whittaker (1957), the commupity bas two aspects of stabi-
lity and instability, anﬁ the interrelation of these two appects may be accunut-__
ed for by cunsidaiing the stablenese and rether abrupt change-cover of the deve~
lopmental atetes of .conatituent organisms, particqlarly of the dominant cnes.
¢
Sumary
1. 7The life history of Sebastes inermis, discussed in the preaeni paper, ia

tentatively figured in schematic expression =s follows {Fig. 29},

Fig. 29. Schematic representation of events in the life

history of Sebastes inermis.

2. The well=-developed larvae &re extruded from the female parents in winter.
Humbers of the larvae taiksn by the fow net reach to their mazima in January in
the E%gdoka region., The denseity of pelagic larvae ia high iﬁ the vicinities
,.n; reefs. The juveaile migrate in deafer water and then agegregate toward
| ~shores. The young come tn‘aettle ih the Zostera and Sargmssunm belts in early
spring, but in the adult stage most of them move {0 the roecky areas and inbabit
ih rock crevicea, Sebastes jipermis is not changing the habitat merely in
search of food, but is aoyuiring more specialized life in all aspects et each
developmental stage.
- ﬂgbathI oblopgum appears to have the similar course of life hiatory to
Sebastes ipermis. Contrary to the latter, however, the former comes tc the
Zpstora belt earlier than the latter and much more remein there throughout its
life,
4. Genersl morpholqsy ¢f larval {0 young etages of Sebastes inepmis ia des-
cribed and figured.
€. The mors or lems abrupt changes in the diet occur at seversl stages of life.
Specialixation of atomach contents of the Juvenile is shown to have two mean-
ingn, Thoﬁ'raed ael;ctivaly on particular organisms cut of evailable food_or-

ganisms and, on the other hand, the diet is rsgualted by what organisms are
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available outside. Thase are clearly understcod by taxing the morphology of
&111 rakers and changes in habitat into account in relation to the community
they belong. Bven the adult feed on large planzton like mysids and they still
have long alender gill rakers of filter feeding type, differing in this charac-
ter rémarkably from Sebastes oblonpus, Sebagtes schlegeli, Sebsstes lengiapl-
pis and Sebastimcus marmoratus. COccasionally smell fishes are found in the

L3
contente ¢of stomacha of the adult, but the predominating food items are small

cruataceana and polychaetes which are abundant in the Sargessum snd Zostera
belta.

€. In the juvenile and young etages Sebastes inermis is active by day, while
the adult are by night and their activity culminates in winter. In the young-
er atages achooling is mora covnon then in the adult stage, and thia may be
related to feeding habita.

T. A phort discussion is given on the concept of community in view of the

life Liatory.

Reference

Andrewarthe, L. G. and Birch, L. C. 1954. The Distribution and Abundance of
Animals. Univ. Chicago Presas, Chicago.

Bishai, H. }. 1960, The affect of water cur.:ut8 on the survival and diatri-
bution of fish larvae. Journ. Cons. int, &xplor. ker, Vol, 25, KNo. 2,
Pp. 134-146.

--------- 1961. The effwct of ezlinity on the survivel and distribution of
larval and young f{ish, Ibid., Vol. 26, No. 2. pp. l&6=179.

Bridger, J. F. 14956, On day and night variat.on in catechea of fish larvae.
Ibvid., Vel. 22, wo. 1, pp. 42=57.

rmmesmmme= 1958, On efficlency tests made with a modified Gulf III high-
apeed tow-net. Ivid., Vol. 23, Ro. 3, pp. 357-365,

Colebrook, J. L., Glover, R. 5. and Robipaon, G. A, 1961, Cuntithnua plank-

ton recerds: Contributions itowards a planicion atlas of the north-eustern

- 42 -



Atlantic and the Nerth Sea, GCeneral introduction. Bull. har. Bcol.,
¥ol. 5, Ne. 42, pp. 67=-8C.

Colman, J. 1939. On the faunas inhabiting intertidal ssawseds. Journ.
mar. biol. Assoc. U.K., Vol. 24, Ko. 1, pp. 129-183.

Dice, L. R. 1952. Hatural Communities. Univ. ¥ichkigan Presa, dnn Arbor.

Binarsson, H. 1960, The fry of Sehaptes in Iecelandic waters and adjacent
aaab. Rit Piskideildar, Vol. 2, No. 7, pp. *=49, Fls. I-I1I, Appendix
A-C (pp. 52-67).

‘Elton, Ch. 1927. Aniwmal deology. Sidgwick and Jackeon, Londen.

Fajita, 3. 1957. Orn the larval stages of a scorpaenid fish, Sebastes pachy-

cephalus nigricane {Schmidt). Jap. J. Ichthy., Vol. &, Bos. 4-6,

PP. 91-97,

Fuss, 5. leb2a. Animal communities in the Zostera belta. Physiol. and
Ecol. {in Japaness)

———————— © 1962b. Animal communities in the Sargessum belta, Physiol.
and Eeol. (in Japanage)

FPuse, S., Babe, T., Hara:a, E., Okuno, R, And hiurs, T. 1989. The animal
coppmunities in the submerged marine plant vagetations. Bull. Lar.
Biol. Stz, Asamushi, Tohoku Univ., Vel. 9, Fo. 4, pp. 172=175.

Hanaen, V, K. and Andersen, x. P. 1961. Recent Daniah investigations on the
distribution of larvae of Sebastes parinus ic the North Atlantie.

Rapp. Cons, &xplor, Mer, ¥No. 150, pp. 201-21%.
Hatanske, k. and Tizuka, X. 1962a. Stu.ies on the fish community of the

Zoatera erea -~ 1. The ecclogl:al erder for feeding im the fish growup

related to the deminant epecies. Bull. Jep. Soc. Seci. Pish,, Vol. 28,
o. 1, pp. 5=16. (in Japanese)
cwm—mem——— Al =——mem——- - 1962b. Studies on the fish community of the

Zastera area — II. Trophic order in a fish group living outside of the
Zostera area. Ipid,, Vol. 28, No, 2, pp. 155=161. {in Japanese)

——r——————— and wwemmmee=-— 1962¢, Studies on the fish community of the

- 43 -



Zostera areg - III. Efficiency of production of Sebastes jnermis.
1bid., Vel. 28, No. 3%, pp. 305-313. {in Japcnese)

Beinrich, A. K. 1962, The life histories cof plankten animale and seasonal
cyclee of plankton communities in the oceans, Journ, Consa. int. &xplor.
Mer, Vol. 27, No. 1, pp. 15-24.

Henderson, G, T. D. 196la. Gnnti%upua plankton records: The distribution of

young atages of Sebastes. Rapp. Cons. Explor. Mer, No. 15C, pp. 216- °
219,
e ——mm 10610, Contighoua rlanicton recordsa: The distribution of young

Sebastes marinua (L.). Bull. Mar. Becol., Vol. 5, No. 46, pp. 173=193.

Hjort, J, 1926, Fluctuationa jin the year clases of important foed fiehea,
Journ. Cons. int. dxplor. Mer, Vol. 1, Ko. 1, pp. 5=349,

Hourston, 5. A. 1959. .ffocts of some aspects of environmant on the distri-
bation of juvenile herring in Barkcley Sound. J. Mah, Bes., Bd. Usneda,
?o%. 16, ¥o. 3, pp. 283-308.

Inaba, D. 1931. On somd telecstean eggs and larvae found in huisu Bay.

| Rec. Oceanogr. Woris in Japan, Vol. 3, Ne. 2, pp. 53-62, P1. XI (1).

Eato, A. and Kurphiji, Y. 1960. A midwater trawl for collecting juveniles.
Rept. Nankai Rag. Fish. Ree. Lab., Ke. 12, pp. 45-51, (in Japaneee)

Eewanake, H. 1957. Soecial bahaviour and production of a salmon-like fish,
Plecogloseus sltivelis, or Ayu, with reference to ite population deneity.
Jap. J. #col., Vol. 7, No. 4, pp. 121-177, (in Jepanese)

—scem—ama= 1960, An opinion on the study of the lotic apimal community.
Physiol. and gcol., Vol. G, Ko. 1, pp. 1-10. (irn Japanese)

Kazihara, T., lizuka, 5, apd Tanaks, k.. 1958. Stucies or the catch by masuami.
I. Oceanographic conditions of the fishing ground, net construction and
the species in the cateh, Bull. Fac. Fish. Nagasaxi Univ., hko. 6,
pp. 113-120. (in Japanese)

Hiruehi, T. 196l. An ecological study on animal community of Zpstera belt,

in Tomioks Bay, Amakusa, XKyushu (I). Community compositior {(1). Mah

- 44 -



fauna. Bec. Oceanogy. Works in Japan, N.3., Special No. 5. PpP. 211-219,
Appendix 1-2.

Kita, T. and Eapada, E. 1962, Studies on the epiphytic communjitiee. 1,

The abundance and distribution of microalgee and smell animals on the
Zosters blades. Publ. Beto Mar. Bfol. Lab., ¥ol. 10, No. 2, pp.
ﬂtamo.ﬁ, R, and Eobayashi, 8, 1958. The ecological atudy on “Hnba.'l' ( zone

of Zosters mariys L.). (I) Phases of early summer. Bull. Naiksi
Reg. Fish, Res. Lab., Ke. 11, pp. 7-16. {in Japaness)

Eitemcrl, R., Negata, K. and Kobayashi, S. 15%9. The scological study on
"oba™ (zone of Zomtera maTrine I.). (Il) Seasonal changosa, Ibid,,

No. 12, pp. 187-199. {in Japenese)

Kobayashi, H, 1934, Type® of the digestive canal in the fish. Bot. and
%ool., Tokye, Vol., 2, No. 11, pp. 1896-1898, {in Japanese)

Lambert, D, 6, 1960, The food of the redfiah Sebastes paripus (L.} in the
Reufoundland area. J. Fish, Res., Bd. Canada, Vol, 17, No. 2, pp.
235243,

Macfadyen, A. 1957, Animal Beoclogy. Aima and Kethods, Isaac Pitman and
Sons, Londor.

Marx, J. €, 1956, The critical period in early life history of marine fishes,
Journ. Come. int. Explor. Her, ¥ol. 21, No. 2, pp. 160-171.

Matasubara, E. 1943a. Studies on the scorpaenoid fishes on Japan. Anat_omy.
phylogeny and taxomimy. (I). Trans. Sigeankxagaku Kenkyusho, No., 1,
PP 3=170.

-===w=——=—we  1943b. Studies on the scorpsencid fishes of Japan, Adnatomy, phyle~
geny and taxomomy. (II). Ibid., No. 2, pp. 171-486, Pla. I.IV,
mmmmmmm——- 1955, Fiash Korphalogy and Hierarchy. Inq%aki-ahoten, Tokyo.

{in Japanese)

Mio, S, 19603. Bioclogy of Sebastiscus paryorsius Cuvier et Valsnciennes,

Rec, Qceanogr. Worke in Japem, N.8., Vol. 5, Ro. 2, pp. 77=-BS.

————ee—m—  1960b. Biology of Ssbastes inE;EZs Cuvier et Valenciennes.

- 45 -



Ibido’ N-S.’ ?010 5p HQI' 2' ppl 86—9?‘
———ew—m—w~ 196la. S4udies on population biclogy of ceastel fishes in Kyuahu.

I. PBiology of Sebaptes inermis Cuvier et Valenciennesa. Gei. Bull,
Fac. Agric. Kyushu Univ., Vol. 18, No. 4, pp. 419-436, {in Japanasa)
~rmmmmme=n 1061b. Studiea on populatjon biology of coastal fishes in iyuahu.

II. Biology of Sabpatiscus marmoratus (Cuvier et Valenciennes).
Ibid., Vel. 1B, Xo. 4, pp. 437=450, {in Japanese)

Mizue, K, 1957, Studies on & scoerpaenous fish Sebastiscus mapmoratus Cuvier

et Velenciennea. 1. Bull., Fa¢. Fiah, Negesail Univ., No. 5, pp. 27-

29, (in Japanesa}
————ese——-  1958a, Studies on & scerpeenous ish Secbastiscus marmoratus Cuvier

ot Valenelennsa. 1II. The seasonal cyc¢le of mature teestis and the sperma-

togenesis. Ivid,, No. &, pp. 27-38. {(in Japancee)

--------- « 1958k, Studies on a scorpaenous Tish Sebastimcus marmcratus Quwvier
et Velenciennes. I1II. On the annulus of otolith and the growth,
Ibid., ho. 7, Pp. 1-9. {in Japznesa])

—————— —~ 19593, &Studiss on & scorpacnous flsh Sebastiscus mapmoratue Cuvier

et Valenciennea, IV. On the copulartory organ of the marine ovoviviporcus
teleost. Ibid., No. 8, pp. 50-83, Fl. I. (in Japancse)}

—mmamme=—  1959b. Studies on & scorpaenous fish Sebastiscus marmoratus Cuvier
et Valenciernnez. V. On the maturation end the seesonsl eyele of the
ovaries of the marine ovoviviparous teleost, Ibid., Mo. 8, pp. B4-110,
Appendix Tables I-II, Fle, II-XIII, (in Japanese)

_________ 1959¢. About tho seasonal c¢ycle of mature testie of Sebeaies jner-
Bis. Ivid., Ko. &, ppr. 111-122, kls. XIV-XV, (in Japanese)

bhoore, H. B. 1958. Marine zcology. Jobn Wiley ané Sone, New York.

hurakami, A. 1954, Oceanography of £agaoka Bay in the Sete Inland Sea.
Bull. Naixai Reg. Fieh. Res. Lab., No. 6, pp. 15-57. {in Japanase)

Nakemura, S. 1934. Larval and juvenile stages of re:f fishea accurring in

the adjacent waters of Kominato (V-VI). Yosholu-%aishi, Yol. 4, Nos.

- 46 -



T-8, pp. 121-132. (in Japanese)
—mi— emenm 19%6. Larval and juwenile stages of reef fishes occurring in
" the mdjacent watera of Kominatoe {XIV). Ibid,, Vol. &, Npe. T-8,
pp. 133-139,  (in Jepaness) '

Ohahima, Y. 1954. ©On the Zoatera bdelt and coneervation of Juvenile fishes.
Raviaw of Fiaheriens sciance.in Japan (Suisangaku-nc-gaikan), pp. 128-166,
Appendix pp. 166-181. {in Japanese)

Oltuno, R, 1956, Modes of life of some reef fizmhes with references to their
microhabitets, food habite and social behaviors. Contr. Physicl. deol.
Zyoto Univ., No. 80, pp. 1-15. (in Japansee)

Paarcy, W, G. 1962. dcology of an esatuarine popwlation of winter flounder,
Pasudopleurgnegtes amerjcrnnus (Walbaum). Part III. Distributien, abun-
dance, growth anu preducticon of Juveniles; survival of larvas and Juve-
niles. Bull. Bingham Cpeanogr- Collection, Vol. 18, Artiecle 1, pp.
39-64.

Paterasn, C. G. Joh. 191). Valuatjion of the soca, I, Animesl life of ths aes

bottom, ita food and gquantity. Rq: Danish biol. Sta.,, No., 20, pp. 1-

wmmmmwees 1018, The sea botiem and its production of fish-food, Ibid.,
No. 2%, pp. 1-57.

Rsaearch Group on Karine Icology, Kyote Univ, ( Puse, 5., Kiyadi, D., Habe,
7., Eiura, T., Oxuno, R. and Hareda, £.). 1956. Habitats with relation
to developmental stagees of fishes in the bays. ¥IIth Symposium in
Biclogical Science on "Interrslation between Organisms and their Znvi-
ronments® {Osaka, 1955). Biological Seience, Tocyo, Separate Vol., pp.
68-T1. (in Japazess)

Schawardinme, I, P. 1957. The aevalnpmental stages of gZpox lucius Trud.
Inet. Norph. Zivot. A. N. Severtsov, No. 16, pp. 237-298. = (in Ruesian)

ghelbourne, J. £, 1957. The feeding and condition of plaice larvae in good

and bad plenkton patches. J. mar. biol. Aescc. U.K,, Vol. 36, Ne, 3,

- 47 -



pr. 339-552.
Shibuya, H., 1956. Froblems in Scolegy. Rironsha, Tokyo. (in Japanase)
wew———w———  1961. Theoretical Zcology. Rironmha, Toxyo. {in Japunese)
Siokawa, T, and Tsukahars, H., 1lofl, 8tudies cn habits of comatal fishes in
the Amaiusa Islsnde, Part I. garly life history of the purple rockfish,
Sehaptes pachycephalus pachycephalus Temminck et Schlegel. BEec.
Geceanogr. Woria in Japan, N.S., Special No. 5, pp. 123-127.

Steele, D, H. 1957. fThe redfish (Sebactes paginug L.) in the weBtern Gulf of

St. Lawrence, J. Fiah. HRes, Bd. Cansada, Vol. 14, Ko. &, pp. B99=-924.
Tining, . v. 1943, On the breeding places and abundan-e of redfish (Sebgstes)
in the Nerth Atleantiec. Journ. Cens., int. sxplor. ker, Vel. 16, No. 1,
rp. 85-99.
Templemen, W. 1959. Redfish digtribution in the North Atlentie. Fish.

Rea. Bd. Canads, Bull. Ne. 120, pp. 1-173, Figs. 1-4.

Terpleman, #. and Sandewen, B. J. 1955, Variatiens in c¢audal pigmentation
iz late-stage pre-extruaion lervas from maripus- and metellp-type female
redfish from the Newfoudland area. J. PFimh., Res. Bd, Cmnada, Vol. 16,

¥o. 6, pp. T6I-T81, Ple. anc Explanatiomna pp. T83-T89.

Thompson, D'Arcy W. 1942, On Growth and Forum, Meemillian, New York.
Ochida, K. 19472, Bsview on the life history of fieh. Eaiyo-no-kagaku,
Yol. 3, Ne. 1€, pp. I=0, {in Japanasc)

Uchida, X., Imai, 3., ¥ite, S., Pujita, 5., leno, M., Shojima, Y., S=uta, 7.,
Pahuicw, k. and Dotu, Y. 1G58. Studiea on ¢ogs, larvee and juvenile of
Japanese fishes. Seriea I. Second Lab. Fish. Biol., Fish, Dept.
Pac. Agric., Kyushu Univ., Pukuecie., 89 pp., Pls. i-86. (in Japanese)

Vapneteov, V. V., Bremeevn, &. PF., Lange, N, €., Dmitrieva, 2. h. ani
Braginslaya, R. Y. 1957. The davelopmental stopes of productive semi-
anadromous and semi-catadromous fishes of Volga anda Don---Abramis brama,
Cyprinug cerpio, Rutilus xutilus capricus, Hutiluws rutilus hecieli and
Jucioperca lucicperca. Trud. Ipst. Morph. Zivoet. A. N. Severtsov,

- 48 -



No. 16, pp. T-Th. {in Rusaian)

¥hittaker, R. H. 1957. dvolution of acological concepis in relation t{o the

saatearn foreats of North America, Mmar. J. Bot., Vol. 44, pp. 197-
206, ;;
Yasuda, F. 1960a. The feeding mechanism in young fishes, Rec, Oceanpgr.

Worke in Japan, N.S., Vol. §, Ko, 2, pp. 132-138.

m=tm—e———-  1960b, The relationehip of the gill structure and food habits of
soma coastal fishes in Japan. Ibid., .5, Vol. 5, ho. 2, pp. 179=-
152.

mmmnmamcee  }96Qg. The feeding mwechanism in soma carnivorous fiehes.
Itid., 4.5, Vol., &, Ko. 2, pp. 153=-160.

Yasuda, F. and Hiyama, Y. 1957. MFechanisg of utiligation of plankton by

some fishes, Itid., K.S8., Vel. 3, ke, 1, pp. 85-9]1,
e mam—— N ——————— 1959, A psasure of role of utilization of planston-
fec’esrs by carnivorous fishes in a evrtain arza. I+id., E.S., Yol. 5,

ko. 1, pp. 85-G0.

Yokote, T., Toriyama, ¥,, Kenai, F, and Nomura, S. 1961. 3Studies on the

feeding habit of fishas. Rept. Nankei Reg. ¥ish. Res. Lab., HNe. 14,
pp. 1-274. {in Japaness)
fontents

Introduction . . - . . . . . . 1

Acknowledgements . . . . . . . . 3

Kethods: Gaars £n’ Their Ecolo;icu]l U:efulness . . -
{1) The Tow iat . . . . . . . 4
(2) The Baam Trawl . . . . . . . 5
(%) The Shans Not . . . . . . . 5
(4) The Filter RKet . . . . . . . 6
{5} The Guiding Barriera . . . . . . &
(E) The Trammel . . . . . A . 6
(7) The Coracle Net . . . . . . . 7
(8) DMiving . . . . . . . . 7
(9) Treatment of haterials . . . . . T -

- 49 -



(10) Bnvirormental Factors
General Fesaturee of the Ragion

Habitet . .
(1) The Adult
{2) The Toung

(3) The Juvenile

(4) The Larvae

(5) Related Species

Growth . .
Morphology .

{1} The Yolk-sac (Pre-extrusion) Larvae
{2) The Pelagic Sarly Fry Larva

-

10
11
13
16
18
22
22
24
24
25

(5) The Pelsgic Late Fry lLarva .
(4) The Migratiinz Juvenile . . . . .
(5) The Settling Young . . . . ] .

hod * * - - a » » - -, »
{1} The Food of the Pelagic Fry Larvae and Figrating
Juvenile in Relation to the Flanikton . .

{2) The Food of the Young and Adult in Relation to
the Fhytal Animals . . . . . .

{Z) The Food and the Structure of Gill Raxers and
Digestive Canal . . . . . -

O S

Behaviour . .
(1) Activity
{2) Kiyration
(z) Sehooling

Diecusgion . .
Summary . .
Referance .
Cententn . .

»

-

- 50 -

L]

-

32
32
34
54
25
4]
42
49



Kasaoka

Fukuyama

Shiraishidshima

Te-

e shi

S
P 7N IS ST S

N shima 3'0. ® .330
\ ° 30Q*" AL
400
] QQ b % Manabe-shima
20 500 |
I;I;égl éo " Hashiri- shima * 1O B

: : 133°40'E
> kms i 9_5]0 Seto Inlard Sea Sanagi-shima



Temperature (°C)

Water

n
o
1

10

<

o T

T



/

/
/
.

N / ',‘/
/

-\‘

\.'.

/"‘\
———

-_

102

| I | | | | | I I
© © < o

(sw) Aouaispdsupna)

20

(20)

2ininiadwa) J4)y




Japan Sea

w N “ Miho Bay

e o + 35°30'N
N - 133°20'E

A
el

——————— ———

/
Naka-umi J \
;’ / N
/ / A

/ / N .
NVI/ NIV NI S
. / N e T e,

g
L )

!

|
133°10'E

Yonago
5 kms




(°C)

Water Temperature

(%/a0)

Chlorinity

Oxygen Saturation (%)

30—

20—

“~~w M3 surface

{2—-

-
—— - —

———

N9 bottom

NS surface




w
[4Y]
ct
ct
o
@
Py
£
tn
w
o
ol
®

Table 1. Seasonal fluctuations of tha landings of three fishe
Fishery tinrket, in the years 1956 -~ 19357

+++: abundant; ++: common; +: present; r: rare

Month Jeb. |iar. |Apr. [May |June|July [Aug. |Sept.|Cct.| Jov.|Dec. |Jan.
Sebastes iner..is +++ + + - b T r - ++ +++ +4 +++
Sebastes oblonrus ++ 4 T - T r r = 5 + +4 ++

Sebastiscus marmoratus r + + - i r r - ++ | +++ ++ +
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Fig. 13, Distribution and abundance of the larvae of Sebastes inermis
in the Bingo-nada. All larvae of slightly differing form collected

during January and February 1959 are combined.
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Table 4. Percentages of different stages of maturity of gonads
in samples collected from the Tomioka area, Amakusa, during 1956 teo
1959,

Month Immature Mature With Mature After Spawn-
Animals Animals Goneds to ing to Total
Total Mature Mature
Animals Animals

Females:

Japuary 29.4 70.6 41.6 8.3
February 33,3 66.7 20.0 60.0
March 64.3 35.7 0.0 100.0
April 83.3 16.7 0.0 100.0
May 100.0 0.0 - -
June 88.9 11.1 0.0 0.0
July 100.0 0.0 - -
Auguet 100.0 0.0 - -
September | 100.0 0.0 - -
October 100.0 0.0 - -
November 80.0 20.0 0.0 0.0
December 50.0 50.0 11.1 0.0
Males:

January 50.0 50.0 50.0 0.0
February 50.0 50.0 0.0 0.0
Merch 55.5 44.5 75.0 €.0
April 83.3 16.7 0.0 0.0
May 100.0 0.0 - -
June 100.0 0.0 - -
July 87.5 12.5 100.0 0.0
August 100.0 0.0 - -
September - - - =
October 100.0 0.0 - -
November 70.0 30.0 0.0 0.0
December 40.0 60.0 33.3 66.7
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Fig. 23. TYolk-sac (pre-extrusion) larvae (4-B), pelagic early

fry larva (C) and pelagic late fry larvsae (D-E) of Sebastes inermis



Fig. 24. Migrating juvenile (A-C) of Sebastes inermis .



R L I g
BT e
e

LI

A
0 5 mms

Fig. 25. Settling young (A) of Sebastes inermis.



Table 5. Percentage composition by number of major constituents of

region in March 1958.

plankton in

the Kasaoka

Date March 12 March 16

Species Station 110 120 200 210 102 210
Noctiluca scintillans Macartney 54.5 - - i + +
2sagitta crassa naikaiensis Tokioka 2.0 - 2.4 - - -
Calanus finmarchicus (Gunnerus) - 4.8 - 10 .4 - 6.1
Paracalanus parvus Giesbrecht 9.1 %6.5 7.4 20.8 557 40.8
Centropages abdominalis oato B+l - 18.5 4.2 751 -
Acartia clausi Giesbrecht 18.2 20.6 18.5 12.5 Tl 2.1
Oithona similis Giesbrecht Zel 74D 18.5 4.2 332.3% 32,7
Microsetella rosea (Dana) - 15.9 7.4 27.1 14.3 6.1
Corycaeus Spp. - 4.8 7.4 16.7 2.4 12.3
Joscinodiscus spp. +4+4 +4++ -+ +++ + +
Rhizosolenia spp. - - - = +44 +44
Chaetoceros spp. +4++ ++ +4++ + +++ +
Bucampia spp. e - - - a =
Nitzschia spp. +++ - ~ - - =
Ceratium spp. +++ +4+ +++ +++ + =




Table 6. Relative importance of three principal food copepods of young Sebastes inermis,

shown as percentages by number in its diet, in the Kasaoka region in spring 1957.

March liarch March April April
sody Date 4 27 o8 3 3
Lensth Copepods
, Shiraishi-|Shiraishi- | Te-shima | Shiraishi- | Hi-shima
(mms) Locality .
shima shima shima
10 Parazalanus parvus (Claus) 88.9 44 .4 42,9 35.3
to cartia clausi Giesbrecht 2.8 11.1 21,7 41.2
16 cer - ropages abdominalis 3ato 0 44 .4 23.9 17.6
16 raracalanus parvus (Claus) 90.9 4.3 41.9 4.4 25.9
to Leartia clausi Giesbrecht 0 16.3% 2l1.9 4.3 0
20 ventropaces abdominalis Sato 0 75.0 25.6 59.7 74.0
20 Paracalanus parvus (Claus) 6.4 32.5 26.8 20.7
to acartia clausi Giesbrecht 0 23%.3 26.8 17.2
25 Crntropases abdominalis Sato 84.0 32.9 44 .6 58.6




Table 7.

Relative importance of four principal food copepods of juvenile Sebastes inermis,

shown as percentages by number, percentage occurrence and average numbers in its diet, in the

Kasaoka region in spring 1958.

Early lorning Afternoon
_ _ N ~ ] N -
Date Body Percen Fercen Average Percen Percen Average
and Length Copepods tage of tage Number tage of tage Number
Locality| (ams) Total Occur- per Total Occur- per
Number rence Stomach Number rence Stomach
March 16 |Faracalanus parvus 74.C 100.0C 2.5 59. 4 100.0 6.8
11 to Acartia c¢lausi Q 0 O 4.3 Z3.3% 5
St.120 20 Uentropazes abdominalis Qo 0 0 10.1 66.7 1.1
Calanus finmarchicus 25.9 66.7 €.8 26.1 100.0 3,0
Paracalanus arvus 71.7 47.0 3.0
16 |icartia clausi 35,2 70.5 3.3
uo Centropages abdominalis 27.0 76.5 2.5
March 20 | calanus finmarchicus 3.5 33.0 0.3
8 Paracalanus parvus 2.1 14.3 0.2 4.2 50.0 1.5
56, 210 | 2° |acartia clausi 31.2 42.8 1.4 4.2 50.0 1.5
to Centropages abdominalis 65.6 57.1 5 87.4 100.0 31.0
25 | Calanus finmarchicus 25.0 28.5 1.3 4.2 100.0 1.5




Fig.
Sebastes inermis.

2€. Development of
Actual

311l rakers and digestive canal in diagramatic view for juvenile

contents of stomachs are also shown.

Locality St.102 | St.200 North of Shiraishi-shima
Feb. 22 | Feb. 14 .
Date 1958 1958 March 4, 1958 April 7, 1958
Body Length (mms.) 4.0 T s 10.5 14.5 19.3 21.5 25.7
BL. 35 mms
Numbers 10 0 8 9 ° 10
Gill Rakers 25 19 21 24 24 25

Digestive Canal

\
Sl
[N

TS

Items

Food

BL. 35 mms.
Paracalanus parvus 0 2 L | 6 26 2
Acartia clausi 0 0 | 0 |
Centropages abdominalis 0 0 0 0 0 47 37
Calanus finmarchicus 0 0 I I 4 | 0
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Fig. 27. Catches of Sebastes inermis by zuiiing barriers

and filter net in the Naka-no-umi region.
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Fig. 28 Diurnal fluctuations of catches of Sebastes iner=?.

by the 3uiding barriers in the na:aoln and Naka-no-umi re—i . is.



Gill rakers undeveloped Adult form, immature

Fins undeveloped Colonizing submerged vegetation
Mid-water pelagic (above and among plants)
Passive dispersal, singly Schooling, aggregating or solitary

Locolizing to rocky area

. it th
plankton community Zostera community T Soaossum grow

Feeding on

pelagic copepods,
amphipods and Adult
small shrimps Inhabiting

among rocks or
in rock crevices
Solitary or aggregating

Gill rakers developing
Fins developing
Migrating in deeper water
towards shore
in aggregotion .
Sargassum or reef community

. Feeding on Feeding on
plankion community pelagic copepods, polychaetes, amphipods,
amphipods ond smoll shrimps, small
Feeding on small shrimps crabs and small
large copepods fishes

Fig. 29. "Schematic repreaentatinﬂof events in the life-history of Sebastes inermis.
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