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Study on the Catching Mechanism of Shrimp
Trap in a Experimental Tank-I
Thigmotaxis and Spacing Behaviour

Makoto INOUE, Takafumi ARIMOTO and Surapon VADHANAKUL

Abstract: It is obvious from the observation on the behaviour of Polaemon paucidens to a
small trap setting in the tank that the trap is able to catch the animals even when there is
no bait in it. From the fact, it is supposed that the catching mechanism of the shrimp trap
is not only depending on the effect of the bait but also depending on the thigmotaxis of
shrimp themselves. In this report, the thigmotaxis of the shrimps was tested from various
kinds of experiments in view point of trap fishing.

Through the above observation, it was also found that the maximum catch of the small
trap was relatively low, unexpectedly, and the following test was conducted on the relation
between the maximum catch and the availability of the animals in the tank. From the test,
it was revealed that the maximum catch was affected by the spacing or territorial behaviour

of the animals.
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Fig. 1. Commercial fishing trap for pink
shrimp, Pandalus borealis.
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Fig. 2. Small traps (a-e) for shrimp,
Palaemon paucidens.
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Table 1. Number of entered and touched shrimps in or to a baited and non baited

small traps (see, Fig 2-a). Number of shrimps in the experimental tank
(45X 90% 45 cm) is 50. Bait is 10g of corbicula Corbicula atrate.

Number of shrimp

Entered Touched
Date Period Trap
Baited Non Baited Baited Non baited
15:30~16:30 9 10 3 3
Sept. 19 15130~17:30 13 12 1 3

Table 2. Number of entered and touched shrimps in or to a baited and non baited small traps.
Bait is 10g of anchovy and dried mysis. Number of test shrimps in the tank is 50.

Number of shrimp

Entered Tou‘ched
Date Period Tank Bait of trap
Non Anchovy Mysis Non Anchovy Mysis
PYSETH A 2 31 12 19 27 16
Nov. 10 10:00~11:30 B i 17 15 12 13 40
11 A 3 14 24 13 35 43
Nov. 11 10:00~11:30 B 5 6 15 27 7 m
YT A 4 9 12 15 24 43
Nov. 12 10:00~11:30 B 3 12 16 24 16 33
Mean 3.5 14.8 15.7 17.5 33.7 37.3

Table 3. Time required to enter the first shrimp in the trap.
Number of test shrimps in the tank is 50.

Trap
Without return valve Without a return valve
(Type-a, in Fig. 2) (Type-b)
Date Period ~ Bait
Non Anchovy Dried mysis Non Anchovy Dried mysis
7 1’ 7 143 ’ 14 ’ 143 ! " ! 122
N wwene R VR UE Y G
’ 144 7 " 4 1 7 1 ’ 122 7 n
S A T A O T
’ /'IV - ‘/“/I ) ’ 1" ?VV?W ! 1" V""VI 144
Mean 240" 126" 1724 545" 639" 1322"
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Table 4. Difference of number of entered and touched shrimps by the bottom
materials of the tank. Number of shrimps in the tank is 65.

Bottom Material

Glass Coral Sand
Date Period Bait Number of shrimp
Entered Touched Total Entered Touched Total

Sept. 18 11:00~13:00 Corbicula 12 4 16 3 2 5
Sept. 18 13:45~14:45 Non 12 3 15 4 1 5
Sept. 19 15:30~17:30 Short-necked clam 14 3 17 7 0 7

Mean 12.7 3.3 16.0 4.7 1.7 6.3
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Table 5. Difference of number of entered and touched shrimps by netting materials of the
trap. Number of test shrimps in the tank is 65. Bait is 10 g of short-necked clam.

Netting material

Cotton 20’s 12/12

Date Period

Saran insect control net

Nylon 150D 15/16
Shrimp

7Entered Touched

Entered ”kToVuchezVi

Entered Touched

Sept. 22 12:30~14:00 15 3

13 4 4 3

Table 6. Number of touched shrimps to three
kinds of materials. Number of test shrimps in
the tank is 50. The figures in the table show
the sum total of the number of touched shrimps
for five minutes during one hour.

Date Period Number of touched shrimp

00~ 15- Seran insect

Dec. 5 14:00~15:00 Cotton net control net
157 183

Dec. 6 14:00~15:00 Cotton net Acryli plate

140 54

DIFHELNTH D, ZOFENE, HTABNT
= EDREDOENBITT A B A& OB BT &V
v I o= EREEANBITT A B A O SRR
DT L AL EEEESNRSLD, SLEEDT
BIuE, =R EH T AHE OMEE L HIMR
WELTURTLARENDHEELD S ENTE
%o

DI L HCHEND LI DT, MEDELD
WA, VI /MRS, M e Y AVCTARE
B L7 (Table 5), v +OFEIFHFEZH
D ELTIEMARIERL - TOTENL, T 7T
VRO BN THANEL, FA = VR
FRICEMEBOPETH B, Table 5 Xiuid,

SERBIINAME, S m v, I VRO
JEFETEAY, MREE, A vBOEREE L
oz e,

T HIc = ¥ OEMIRE X AMEORR EOH
A TR D T DIRDERE T -T2, T AKED
B 2 KEZESL, 1XKECH A8 (30x45
em) EHCHE AT E L, fho 1 KER
H 5 VD H\ET 2 ) ARE RREE LN
THx, HAEERAO SRR >\ THERL
7= (Table 6), = DFE» b= XRBICKED X
CED, RWTH I VEFRET, 77 YR

Table 7. Number of shrimps entrapped in the
fishing trap with the day elapsed. Number of
test shrimp in the tank is 100. There is no
bait in the trap.

. Entered Touched

Date Period shrimp shrimp
Nov. 16 26 23
Nov. 17 10:00~15:00 16 22
Nov. 18 12 6
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Fig. 3. Decreasing of number of shrimp
touched to the trap with time elapsed.
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Table 8. Relation between number of test shrimp
in the tank and number of entered shrimp in
the trap. No bait in the trap.

Test Entered Escaped Remained

Date  Period shrimp shrimp shrimp shrimp
Nov.11 90~ 20 5 2 3
Nov. 11 1030=" 50 6 1 5
Nov. 11 100~ g 5 1 4
Nov. 11 1300~ 110 5 0 5

Table 9. Relation between number of test shrimp
in the tank and number of entered shrimp in
the trap where ten shrimps already occupied
the space. No bait in the trap.

Date Period Test Entered Escaped Remained

shrimp shrimp shrimp  shrimp
7:30~
Nov. 11 gi3g 20 2 1 11
14:30~
Nov. 11 "jzi5p 110 0 2 8
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Table 10. The estimated maximum catch in the baited traps through four tests.

Period Trap

Availability Number of

Test Date (Fig. 1) of shrimp entered Note
18- in the tank shrimp
1 Nov. 12 10:30~11:30 A 30 13 Bait is 10 g of short-necked clam.
Traps A and B are the same shape
A0 1. A 0 and size. In trap A, 13 shrimps
2 Nov. 12 11:30~12:00 B 17 4 already occupied. Trap B has the
same bait as Trap A.
YTy A 15 30 shrimps are added in the tank.
3 Nov. 12 12:00~13:00 B 43 10 Continued to Test 2.
4 Nov. 12 13:00~ 14:00 B 35 9 25 shrimp occupied in Traps A and

B are taken out from the test.
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N5, FEOBREMN2MEC - THIRAR L2/
bW L5 Thb, i, bbMUDI0BA
STt WHSTRECII/B 0 B<SHVWAS
KENHHCHEEL T, JRAEAEL Tt T
L, ¥k, HHMUH20RBA-TWSE WHELST
BT BB e BB L T W Th BN, it
D OB L TWBZ L A D = CIREEN
TERND I EEFROAEYHT DB E, K
U= BiRE L e A - TR EA L, —
BeZBRA-TCLE - BEOHREEDO L A
HEODH D EHEERLTCHEEDTHA S,

Hie, ZoOEBRTEL CEORAENLHRET
LRTFNEREDOERTH LD, EORSHE

EH, fEX=co56Hme L CEMcitisl,
CNOLDOHEOERC I ALDTHDLDMNE NS
AL ET 72,

3. Zofho=E

1 KENOH - BRI X 5 AZE B o ik
=T RMavz ) - KRBT L, Ko
MomERDIcEE D, =0 ABETEH - B
EDBREZEINANERDLD, 2V 7 )~
MR D I T BRI X - T AT AR &
XS FAL, BHXBIC B el & KR
BrNEEL DASEREA B L, Elir m
vigHEyEE Fig. D 2 2 @#EHRL 7.

2V 7Y = FAIED 16 I 30 & (BER) O HBEE S
ik Fig. 4 o#) Th b, EBFER L Table 11
WREINDD, BXBOFEC AR OZ DI
HALNTH S, ZHhIERRC=eRnEL 96T
Lcdhy, HBHCEEXR T EaNERIC EET
DICHPEANNTHS 5,

N BB CERB L, FERESKAMEL,
2V 7Y~ M - B BRI OEE RS L
Ef, 20080 AR Table 12 o@y

Table 11. Comparison between the number of
entered shrimp into the large traps with bait
setting in light area and dark area. Number
of test shrimp in the large tank is 100 and bait
is 20 g of short-necked clam.

Number of entered shrimps

Date Period S
Dark area Light area
10:30~12:30 27 9
Oct. 16 1313)~16:30 21 10
WINDOWS

200 T55) (201
20) (50) (20
30) (110) (25

Fig. 4. Intensity of illumination in the large
tank in Lux. Circles in the center show
traps in Fig. 1.
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Table 12. Comparison between the number of
entered shrimps into two traps setting in the
same intensity of illumination areas.

Number of entered
shrimps Note

Area-A  Area-B

Date Period

09:30
l 9 11 No bait

12:30

Oct. 17

13:30 Baited with
1 15 13 short-necked

15:30 clam

~Draining hole
" |
Net

A B C D

Fig. 5. The large tank divided into four
parts by twines at the top.

THEFEOEITAL BN, [if - T, Tablell OfE
RIZBELNC B - OB L A CEX2/0EX)
Thb,

2) AR, EUERRCIT 5= COBEITE
T 5= OB A EET Ao, av
7Y — b= 150 BR AR, EYEECH
G HEANCES L, B ARl BRLD=
EOBERET DWW THEL 2,

fRATERT 9:00~11:00, HfEEEIX 11:00~13:00
DEETH S, KDL FECITEEKD D
KEManbb, FOREBRIIC=ENERLT
DT HHEAN AR LIIDT, 5m OXEDOS B
Ao lm i@y, = EREShinX i
L7e #LT, Fig. 5 X 5 ic ki Fma kT 1
mZEKEL, 4 KEC S =Y OE TN,
F ¥R T Table 13 0@y T, fMEHEEE L 1THEE
L C—EREANO AT DT FEL VEWHHRD
Nic, Tibb, BHEETIIERBL THb 300U
WTIIE - & 0 LB bixabivicdy, JEHEET
BEEYBC CHREEN -~ BE R bR -
Foo El, ARET=EORHEDEZ DT KMED
EWMeYn, MoXELDE\WCDTHD =ik

Table 13. Comparison of the change in the distri-
bution of shrimp in four sections (see, Fig. 5)
between the non-baited and baited traps with
elapsed time.

Section of tank

Trap Period
A B C D
9:00 90 30 15 15
Non baited 9:30 90 30 15 15
10:30 100 25 20 5
Baited with 11:30 100 30 15 5
frozen mackerel 11:30 60 40 30 20
(20 g) 13:00 50 35 35 30
FUEFT < P L T,

i, AEHEECII6RE, EEEECI2RERA-K
2, EOFEIIRE, ThEERINTH D Lk
27\, SHUIHEOE A - e ELH D LR
bhpl, =ComEEOHtiExLLhS. (E
xD=EOBX IEELRBEYE, FHOL DML
b0 = Y BIEL T EEE G RE TEA
TL BN, ENBEEN T KD = CITEER &
BLERCIER B X7, 20~30 BRI
P D EMATL B LL, TOEBTE
MR FIr¥Fra— Ak kb ki, BEHE
WHICHELTCE e, 20C &, =EREBL
ATFOREOARLE ST -EDKL LD &%
RELTCNHDTHA I,

Z %=

=D AL L CHOHE HEOMRNPKE
W EMRHLTH LA, BN L b=k
CALZ EnD, =EOh DML D W ITES
FEORTRELMETE L LR DH, ALE
BT ST B = DM L BIEITE S O oREE
BAEETHY, ZOTOXECHDLLE > TEAL
TnBHLDEELLNL, WHECET 5= iR
Hrdb=eoEmEs oL BRITHRED LI
FEFL T B34 BOMRHETH 505, 8D
AR DR DO BT X 5 T = E D AFEEK
CENMELTWB ETIE, FhidkEe U GER
EPERTEHCERATLH LD EEZ LILD,

F 7, AR LEDN I EHEOMTINA R
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HEEDOREE, bbb, HEOMEHNNAER,D
HhEBNCEMED L5 THDH, ZOBMNES
=07 D T8, BV IehiE D T8 &
WO BB 7T EN Tk e < & b EAT oz B AT
& (spacing)” CHEHAT5HZ LXHALNTH D,
v a2 T h=ErOMEEO =R NRETHHE

EEDMIRINA R, » 5\ % specing 1w\ Tl
LSBROMFBICE 12T IVUEH L Tlowns, AR
TOBRIBEC AL EELIS,

ARP BRKE=Y (FFH=E, AY=YE)
DEEBOREE RN, KEOWEIEEMC
RIFCh Dz b, AT T 5HKER
WHTHAS LB B, KEBROERLEN
FHEL B, 202 LI, WKE=EDFH
BT LI, EECTAEEIREILEE
Bt 5,

- #
WKEAY = CEHHEL, KMED) TEHROW
BB OV TERY TV, ROBREE
1) HESELMEEL T DAL, B
BERH, MOARERM OB Z T -7, BE
FEEEEED 2~5 O AKERED 5D L5 Th
%o FFRFCEEHEEC O ARTHE LD = EDE

b X5 AREBE L HEEL o,

2 BEEEOMEOME X5 AL, MEEREH
DIB» D, EMMEDEEL N DI,

3) RS AR, MEREOBDHD
= EOERTHOFELHEL 1228, BIeTEn:
EEERAKRCE IO THEND, HEDOALE
BELL ConBRETHS,

4) WEEE, FEEOAHERN, D, fhcis
MNAEERDD, ThIEOKRE S, TibbY
BERIRERD? DA THEMEET H % 2 L 2 EHE
L, ¥, =D spacing Rt HT53DEE %
7Zo

5) ZKHMADBA - B R X 5 AR O B
b, =EORHREREIKEOHL SEBIND
Z EHRTANRI,

6) HHEE - MEFECHT =Y oBE THE
REDKED I CTHEL, =CoficdT 5K
IS HBIEECTH S & DT,

B2 £ X B
D = F7—F k= (BFE - - EEFD: kR
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2 ARPER: WKET CEHOMECHET 5H5—3.
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%35, 103~109, 1951.
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Eunicid Polychaetous Annelids from Japan—II*

Tomoyuki MIURA**

Résumé: L’auteur décrit dans cet article sept espices des quatre genres (Eunice, Palola,

Marphysa et Lysidice) de la famille Eunicidae.

Les échantillons sont collectés dans les eaux peu profondes de la presqu’ile d’Oga, de
Kominato sur la presqu’ile de Boso, de la Baie de Suruga et de I’tle Ishigaki, ainsi qu’a des
profondeurs de 20-200 m de la Baie de Kagoshima.

Deux espéces sont premiérement ajoutées ici & la faune japonaise; E. (Nicidion) cariboea
et M. disjuncta. Et on y met aussi 'une, E. spinea qui est nouvelle pour la science. Elle
se caractérise par des antennes longues, des branchies a 1-3 filaments et des soies composées
a long article cultriform locarisées sur une courte partie anterieure du corps.

1. Introduction

In this paper, seven species in four genera,
Eunice, Palola, Marphysa and Lysidice are
presented. Two species, Eunice (Nicidion)
cariboea and Marphysa disjuncta, are newly
added to the Japanese fauna. One species,
Eunice spinea, is described as new to science.

The author is deeply indebted to Dr. Kris-
tian FAUCHALD of the University of Southern
California, Los Angeles, California for critically
reading the manuscript. The author wishes to
express his thanks to Dr. Minoru IMAJIMA
of National Science Museum, Tokyo and Prof.
Dr. Tatsuyoshi MASUDA of the Tokyo Univer-
sity of Fisheries, Tokyo for their very valuable
advice. Thanks are due to Director Takashi
TAKEUCHI of the Akitaken-Oga Aquarium and
the members of Tokai University and Seikai

3. Description

Regional Fisheries Research Laboratory, who
donated many of the specimens examined in
this study.

The type specimens and most of the remaining
collections are deposited in the National Science
Museum, Tokyo.

2. Material and method

Each specimen examined is presented here
under the heading ‘‘Collection” description of
each species. The detail of this section is given
by the preceding report (MIURA, 1977), except
of a column K for Eunice, which is defined as
follows.

K: First occurrence of compound falcigers,
counted from the anterior end as the number
of the setiger, on which the first compound
falciger occurred.

Family Eunicidae SAVIGNY, 1318
Genus Eunice CUVIER, 1817
Eunice vittata (DELLE CHIAJE, 1828)
(Fig. 1, a-o0)

Eunice vittata: MCINTOSH, 1885, pp. 275-276, fig. 36, pls. 39, fig. 18 and 21A, figs. 10-11; FAUVEL,
1923, pp. 404-405, fig. 158, h-n; HARTMAN, 1944, p. 118; HARTMAN, 1948, pp. 77-78; IMAJIMA and
HARTMAN, 1964, p. 258; DAY, 1967, p. 385, fig. 17, 3, a-e; FAUCHALD, 1970, pp. 48-49, pl. 3, figs. 1-m.

?Eunice medicina MOORE, 1903, pp. 441-444, pl. 25, figs. 49-51; IzZUKA, 1912, pp. 125-126, pl. 14, fig. 8;

IMAJIMA and HARTMAN, 1964, p. 257.

* Received March 5, 1977

** Laboratory of Aquatic Zoology, Tokyo University of Fisheries, Minato-ku, Tokyo, 108 Japan
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Fig. 1. Eunice vittata (DELLE CHIAJE, 1828). a, Anterior end, in dorsal view, X15. b, The

same, in lateral view, X15. ¢, First parapodium, in anterior view, X40. d, Parapodium
3, in anterior view, X40. e, Parapodium 40, in anterior view, X25. f, Parapodium 60,
in anterior view, X40. g, Subacicular hook, X400. h, Aciculum, X400. i, Comb seta,
X800. j, Compound seta, X800. k, Capillary seta, x400. 1, Mandibles, in ventral
view, X25. m, Maxillae, in dorsal view, X40.

n, Posterior segments, in dorsal view,
X10. o, Caudal region, in dorsal view, X25.

12)



Eunicid Polychaetous Annelids from Japan—II 63

Collection
A B C D E F G H I J

E 50 Oct. 7, 1975 Kominato 7.2 3-1 49-1 38-1 200 17 4.5 CS
E 51 - 6.8 4-1 48-1 35-1 49 17 4.5 AF
E 52 Nov. 19, 1975 Kominato 5.9 3-1 47-1 35-1 15 4.5 CS
E 134 Sep. 1, 1972 Suruga Bay 4.0 3-1 44-1 29-1 99 9 2.8 AF
E 139 Feb. 18, 1976 Kominato 7.7 6-1 51-1 38-1 192 17 4.3 CS
E 140 ' 7.8 6-1 49-1 40-1 84 20 4.2 AF
E 141 'y 5.1 3-1 44-3 27-1 99 8 2.4 AF
E 142 ' 8.1 3-1 49-6 38-1 110 16 3.7 AF
E 143 vy - - - - - - - PF
E 144 ' Only tube

Description: A complete specimen (E 50)
measures 100 mm long by 4.5 mm wide including
parapodia with about 200 setigers. In life, the
same specimen was 150 mm long and 3.5 mm
wide.

The color of dorsum is reddish brown and
anterior setigers are darker than posterior. The
The two peristomial
rings are also colorless or light yellow. The
first two setigers show distinct brown bands.
In the branchial and postbranchial regions, the
basal part of each dorsal cirrus is marked by
a reddish brown patch. Furthermore, posterior
furrows are dark brown (Fig. 1,n).

The prostomium is relatively small and bilobed
in front. The five occipital antennae are smooth
with basal swellings; the longest and central
one is three times as long as the prostomium,
the inner lateral pair are almost the same length as
the central, and the outer pair are half the length
of the others. Two eyes are situated outside
the bases of the inner lateral antennae. The
anterior part of first peristomial ring overlaps
the posterior part of the prostomium. The
peristomium is wider posteriorly than anteriorly
in proportion 3:2. The second peristomial ring
has a pair of cirri as long as the two peristomial
rings combined (Fig. 1, a-b).

Parapodia are uniramous. The dorsal cirri
are digitiform, anteriorly with a rounded tip
(Fig. 1,c) but posteriorly with a tapered end
(Fig. 1,f). They are irregularly wrinkled. The
ventral cirri are conical with a swallen proximal
part. Branchiae start from parapodium 3 as a
single filament (Fig. 1,d). At parapodium 10,
each branchia has five filaments; the branchial

prostomium is colorless.

stem becomes increasingly stout and has 13
filaments at parapodium 15. From parapodium
20 to parapodium 45, branchiae have more than
15 filaments (Fig. 1,e). The maximal number
is 20. Thereafter the number of filaments de-
creases gradually to about parapodium 50 where
the branchiae are absent abruptly. The last
branchiae have six to seven filaments.

Yellow subacicular hooks appear from about
setiger 35 and usually occur singly. The tip is
tridentate and hooded (Fig. 1,g). Acicula are
also yellow with a blunt tip and number two
in each parapodium (Fig. 1,h). Comb seta has
eight to ten inner spines and asymmetrical
extensions (Fig. 1,i). FEach bidentate compound
falciger is hooded. The hood is long and tapered
with a blunt end (Fig. 1,j). Limbate setae are
situated in the supracicular fascicles (Fig. 1, k).

The mandibles are well-developed with an-
terior calcifications at the cutting edges (Fig.
1,). The maxillary carriers are broad with
rounded distal end. The maxillary formula is
Mx. I=1+4+1, Mx. II=(6-7)+(7-8), Mx. llI=
6-8)+0, Mx. IV=06-7)+(9-11), Mx. V=1+1
(Fig. 1,m).

The pygidium has four smooth anal cirri; the
dorsal pair are three times as long as the ventral
(Fig. 1,0).

Distribution: Mediterranean Sea; Atlantic,
Pacific and Indian oceans, in warm waters;
Japan.

Discussion: Eunice vittata is very similar to
E. indica. in having yellow tridentate subaci-
cular hooks, elongate hoods on the compound
setae, the first occurrence of the branchiae
(setiger 3), anteriorly restricted distribution of
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branchiae and the rather small prostomium.
The two species can be distinctly separated on
one character, 1. e. the number of subacicular
hooks per parapodium. E. indica has more than
three subacicular hooks in a parapodium. On
the other hand, E. vittata has a single or rarely
two subacicular hooks in a parapodium. The
numbers of subacicular hooks quoted in E.
vittata and E. indica previously are shown below.
Eunice vittata
1: McINTOsH, 1885; IMAJIMA and HART-
MAN, 1964.
1,2: HARTMAN, 1948.
2,3: IzUKA, 1912, pp. 120-121, pl. 12, figs. 7-9.
FEunice indica
4: OKUDA, 1938, p. 95; DAY, 1967, p. 386,
fig. 17, 3, f-j.
1 (bidentate): IZUKA, 1912, pp. 114-116, pl.
13, figs. 7-9.
The E. vittata of 1ZUKA, 1912, had been referred

to E. indica by FAUVEL (1936). However, the
E. indica of Izuka, 1912, has bidentate sub-
acicular hooks and thus differed from E. indica
KINBERG and was referred to E. kobiensis
McINTOSH, 1885. E. medicina MOORE, 1903,
has also yellow tridentate subacicular hooks,
long pointed hoods on the compound setae and
branchiae starting from setiger 3 (somite V of
MOORE). The specimens described by MOORE
are very small, i.e. 2.0 mm wide as maximum,
and have seven filaments in the fully developed
branchia and subacicular hooks starting from
setiger 19 (somite XXI of MOORE). They also
have brown spots at dorsal base of each para-
podium and asymmetrical comb setae with 12
short spines. These characters fit the specimens
examined here, especially the smaller ones. E.
medicina  MOORE, 1903, is here tentatively
referred to E. vittata. The former may be
considered as young forms of the latter.

Eunice spinea sp. nov,

(Fig. 2, a-p)
Collection
A B C D E F G H I J K
NSMT-Pol. Aug., 1975
H-138 Kagoshima Bay (200 m) 5.5 9-1 29-1 53 3 4.5 AF 30
NSMT-Pol. Jan. 8, 1974

P-139 Kagoshima Bay (20 m) 4.5  10-1 26-1 30 1 2.8 AF 25
» (60 m) 3.5 8-1 23-1 30 2 2.6 AF 26

. (100 m) 4.5 111 28-1 190 2 3.0 SC 23

» ¢ ) 2.6  10-1 23-1 76 1 2.4 AF 23

> ¢, ) 4.0 10-1 33-1 3% 1 3.7 AF ?

» ¢ ) 5.3 10-1 27-1 86 2 3.5 AF 35

. (110 m) 2.8 8-1 25-1 30 1 2.5 AF 25

s ¢ ) 2.3 12-1 22-1 41 1 1.9 AF 25

2 (G 2.4 10-1 21-1 28 1 1.9 AF 20

» ¢ 5) 3.5  12-1 ? 18 1 29 AF ?

» (G 1.9 8-1 15-1 25 1 1.6 AF 14

» ¢, ) 3.3 8-1 ? 1 1 1.9 AF ?

» (G 4.0 ? ? 20 ? 2.1 AF ?

s ¢ ,0) 2.8 12-1 20-1 31 1 15 AF 28

' C ) 2.6 9-1 23-1 24 1 2.5 AF 24

» () 3.0 12-1 20-1 23 1 2.0 AF 19

» ¢ L) 2.3 9-1 19-1 54 1 1.5 AF 19

» ¢, ) 3.2 8-1 24-1 30 1 2.6 AF 25

” ¢, ) 3.0 9-1 ? 6 1 20 AF ?

» ¢, ) 4.2 10-1 25-1 32 1 3.0 AF 25

» ¢ ) 3.3  11-1 25-1 3 1 2.4 AF 23

" ( ) 3.5 9-1 25-1 62 1 3.0 AF 28
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Fig. 2. Eunice spinea sp. nov. a, Anterior end, in dorsal view, X15. b, The same, in

lateral view, X15. ¢, First parapodium, in anterior view, X40. d, Parapodium 15, in
anterior view, X40. e, Parapodium 22, in anterior view, X40. f, Parapodium 38, in
anterior view, X40. g, Subacicular hook, X400. h, Acicula, X400. i, Notoacicular
setae, X200. j, Comb seta, X800. k, Compound falcigerous seta, X800. 1, Unilimbate
compound spinigerous seta, X800. m, Bilimbate compound spinigerous seta, X800. n-1,
Capillary seta, X400. n-2, The same, enlarged of part, X2000. o, Mandibles, in ventral
view, X40. p, Maxillae, in dorsal view, X40.
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Description: Many specimens were collected
from Kagoshima Bay in 20-200 m depth. The
holotypus has lost a considerable number of
posterior segments and measures 23mm long
by 4.5mm wide including parapodia for 53
setigers.

The prostomium is deeply notched in front
and two reniform eyes are situated at the bases
of the inner lateral occipital antennae (Fig. 2, a).
The body has cylindrical peristomial rings and
becomes flattened immediately posterior to this
(Fig. 2,b). The segment hight is 2.8 mm at the
first peristomial ring, 2.2 mm at setiger 10 and
1.8 mm at setiger 40. Five occipital antennae
are smooth and slender. Each is mounted on
a low basal projection. The central and largest
one reaches to the posterior end of setiger 11.
The inner lateral pair reaches to setiger 4. The
outer pair reaches to setiger 2. The first peri-
stomial ring is narrower dorsally than laterally,
the second one is short with a pair of peri-
stomial cirri which reach to setiger 3.

The parapodia (Fig. 2,c-f) have character-
istically shaped setal lobes. They have a supraci-
cular, digitiform protuberance in the anterior
branchial parapodia (Fig. 2,d-e) and become
almost triangular on the posterior setigers of
the fragment. The postsetal lobe always extends
beyond the setal lobe and has a rounded end.
The dorsal cirri, supported by a bundle of
notopodial embedded acicular setae, are short
and conical in the first few segments (Fig. 2, ¢).
They become longer and each one has a ventral
knob in the branchial region. The ventral cirri
are simple and conical in anterior setigers, but
have a basal pad in posterior setigers. The basal
pad becomes transversely elongated and lower
near the posterior end of the fragment. Bran-
chiae start on setiger 9 on the left and on setiger
10 on the right, as a simple papilla. They
continue to the posterior end of the fragment.
Branchiae, generally, have a single filament, but
become bifurcate in the posterior end of the
holotypus and occasionally have three filaments,
such as on setigers 22 and 42 (Fig. 2,e).

Subacicular hooks are black and have bidentate
hooded tips (Fig. 2,g). The apical tooth is
smaller than the other. They are first present
on setiger 30 on the left and on setiger 29 on

the right, and continue the posterior end of the
specimen. They always occur singly in a para-
podium. Black acicula are almost completely
embedded in the setal lobe and number three
on each of the anterior parapodia (Fig. 2,h).
The number decreases to one at the posterior
end of the fragment. The yellow notoacicular
setae are very slender and make up a bundle
in the dorsal cirri (Fig. 2,j). They occur three
to six in a bundle. The comb seta has 8-9
inner teeth and asymmetrical lateral extensions
(Fig. 2,j). The larger extension is twice as
long as the shorter one. Bilimbate setae are
present (Fig. 2,n). In subacicular position,
there are two kinds of compound setae. The
compound spinigers are restricted anteriorly and
the falcigers are present only from setiger 30
in the holotypus. In the paratypi, they start
from about the setiger which has the first
subacicular hook. FEach compound falciger is
bidentae and hooded (Fig. 2,k). The spinigers
mostly have unilimbate blades (Fig. 2,1), but
sometimes bilimbate ones (Fig. 2, m).

The mandibles have short and broad shafts.
The cutting edge ares well calcified and sculptured
by 18-19 dark lines (Fig. 2,0). The maxillae
are well developed. The dentition is distinct
and each plate has long stout teeth (Fig. 2, p).
The maxillary formula is Mx. I=1+1, Mx. II=
544, Mx. [II=3+0, Mx. IV=2+3, Mx. V=
14-1. There are broad black bodies lateral to
the maxillae IV. The maxillary carriers are
long, slender and basally rounded.

In one of paratypi, the pygidium has two
pairs of anal cirri. The dorsal one is slender
and four times as long as the ventral.

Kagoshima Bay.

Holotypus, NSMT-Pol. H-138.
Paratypi, NSMT-Pol. P-139.

Discussion: Eunice tubifex GROSSLAND, 1904
(pp. 303-310, figs. 52-55, pl. 21, figs. 1-8) is
known to have compound spinigers. E. spinea
is clearly distinguished from E. tubifex in that
it has very long antennae, reniform eyes and
subacicular hooks singly in each parapodium in
stead of short articulated antennae, rounded
eyes and two to three subacicular hooks in a
parapodium. In other respects, E. spinea and
E. tubifex resemble each other closely, for ex-

Type locality:
Type-series:
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cirri, and in the poorly developed branchiae in
the anterior part of the body.

ample, in the short stout mandibuler shafts, in
the well-developed proximal pads on the ventral

Eunice (Nicidion) cariboea GRUBE, 1865
(Fig. 3, a-n)
Eunice (Nicidion) cariboea : HARTMAN, 1944, pp. 123-124, pls. 7, figs. 157-163 and 8, fig. 178; FAUCHALD,
1970, pp. 38-39; NONATO and LunNa, 1970, p. 83.
Eunice (Nicidion) kinbergi: HARTMAN, 1944, p. 124; NONATO and LUNA, 1970, p. 84.
Nicidion kinbergii: TREADWELL, 1921, pp. 91-93, figs. 324-332, pl. 6, figs. 5-8.
?Marphysa posterobranchia: DAY, 1962, p. 645, fig. 4, a-e.

Collection
A B c D E F G H 1 ]
" E 136 Feb. 14, 1976 Kominato 3.0 1001 1331 311 133 1 15 CS
E 137 . 27  8-1 1201 21 120 1 1.2 CS
E 138 . 3.2 - -~ 971 95 - 1.5 AF

Description: Two complete specimens (E 136,
137) and one anterior fragment (E 148) were
collected from an intertidal rocky shore on the
Boso Peninsula. The habitat was covered with
seaweeds, such as Colpomenia sinuwosa, Sargas-
sum thunbergii, Hizikia fusiforme, Padina
arborescens and Corallina pilulifera, with much
sand captured in the holdfasts of these algae.

One complete specimen (E 136) measures 34
mm long by 1.5 mm wide including parapodia
for 133 setigers. The body is somewhat flattened
anteriorly and cylindrical in the last third of
the specimen. The segment length increases
posteriorly to become one third of the width.

The color of anterior dorsum is reddish brown
with many white spots; they are grouped pos-
terior to setiger 4 looking like islands on a
map. The lateral sides of the prostomium, the
five occipital antennae and their basal parts, the
peristomial cirri and the dorso-posterior part of
the peristomium are white; sometimes also
setigers 5 and 6 have a white band. The middle
of the body is greenish and transparent with
the red dorsal blood vessel clearly visible.
About the last 20 segments have dark brown
septa and the last several caudal segments be-
come dark.

The prostomium is bilobed in front and

nearly equal in length to the two peristomial

segments combined. There are five club-shaped
occipital ;antennae; they are narrow proxinally
and subequal in length; they .are.sometimes
irregularly annulated (Fig. 3, a). Two eyes

situated outside the inner lateral antennae are
oblong and slightly concave along their ventral
margins (Fig. 3, b).
is twice as long as the second one which carries
a pair of short, smooth peristomial cirri.

Parapodia are uniramous and both dorsal and
ventral cirri are present. The dorsal cirri are
smooth and cylindrical, and become slightly
prolonged in the middle part of the body. The
conical ventral cirri are simple in the anterior-
most parapodia (Fig. 3, c), but are provided with
a proximal pad from about parapodium 10 (Fig.
3,d); the pads and also the ventral cirri them-
selves become lower posteriorly (Fig. 3,¢e). The
setal lobes are high and distally rounded in
parapodia anterior to the first subacicular hooks;
the rounded end is replaced with by a triangular
one posteriorly. Branchiae start from setiger
100 on the right and 105 on the left, and are
irregularly absent such as on 102 and 108 on
the right and 112, 113 and 115 on the left
(E 136). Each branchia is larger than the corre-
sponding dorsal cirrus; it emerges from the
dorsum and is simple crumpled (Fig. 3, ), where-
as the dorsal cirri are smooth.

Subacicular hooks are black, bidentate and
hooded (Fig. 3,g), and are first present on para-
podia 26-31. Dark acicula are bluntly tapered
and occur one on each parapodium (Fig. 3,h).
Comb setae start before parapodium 10 and have
9-12 inner teeth and almost symmetrical lateral
extensions . (Fig. 3,1).  The bidentate hooded
compound falcigers are curved distally (Fig. 3, j);

The first peristomial ring
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they number seven to eight at about parapodium
10, five at p. 19, four at p. 36, two at p. 109.
After parapodium 121, compound setae are
absent. Simple unilimbate setae have short
spines (Fig. 3,k).

1

Fig. 3. Eunice (Nicidion) ¢ariboea GRUBE, 1865.

b, The same, in anterior view, X40.

Parapodium 10, in anterior view, X 100.
f, Parapodium 109, in anterior view, X100.
j, Compound seta, X 1600,

X800. i, Comb seta, X800.

The mandibles have seven to eight lines on
the cutting distal part and lack a calcified edge.
The shaft is very long (Fig. 3,m). The max-
illary formula is Mx. I=1+1, Mx. II=(4-5)+
6-7), Mx. IlI=5+0, Mx. IV=5+7, Mx. V=

a, Anterior end, in dorsal view, X40.

¢, First parapodium, in anterior view, X200, d,
e, Parapodium 36, in anterior view, X100.

g, Subacicular hook, X800. h, Aciculum,
k, Capillary seta, X800, 1,

Mandibles, in ventral view, X100. m, Maxillae, in dorsal view, X100. n, Caudal region,

in dorsal view, X40.
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1+1. The maxillary carriers are long and
slender (Fig. 3,D).

The pygidium has two smooth dorsal and
two very short ventral cirri (Fig. 3,n).

This species is described here as new to Japan.

Distribution: West Indies, Bermuda, Gulf of
California, eastern Pacific ocean; Japan.

Discussion: One specimen (E 137) described
above lacks peristomial cirri, and the shape of
head resembles the condition in the genus
Marphysa. The specimen was collected with
two other specimens from the same habitat at
the same time, and there are no significant
difference between the three (E 136-138), except
for the absence of the peristomial cirri. Thus
this specimen (E 137) was referred to E.
(Nicidion) cariboea.

Marphysa posterobranchia DAY, 1962, was
originally described from only one specimen; it
differs from the members of the genus Para-
marphysa which lacks branchia entirely, in that
the former has branchiae restricted to the
posterior end. Excluding the one character,
i.e. the presence or absence of peristomial cirri,

M. posterobranchia DAY, 1962, resembles E.
(Nicidion) cariboea in the many respects: 1.
Black, bidentate subacicular hooks appear from
about setiger 30, and occur singly in a para-
podium. 2. The bidentate compound falcigerous
setae have the distal end of the stem to the
opposite side of cutting margin occurred. 3. The
body is small (about 30 mm long for about 130
setigers) and rounded in cross-section. 4. The
first branchia appears from about setiger 90.
5. Capillary setae are winged and comb setae
have about 12 teeth. M. posterobranchia is here
considered a possible synonym of E. (Nicidion)
cariboea.

The prostomial antennae appear to vary widely
in shape, e.g. ‘antenas comprimidas, triangulares,
pouco mais longas que o prostémio’ in NONATO
and LUNA [1970, as E. (Nicidion) kinbergi),
‘cylindrical and irregularly annulated’ from the
illustration by TREADWELL (1912, as Nicidion
kinbergii) and ‘club-shaped’, here. The shape
of the prostomial antennae may have little
significance as HARTMAN (1944) has suggested.

Genus Palola GRAY, 1847
Palola siciliensis (GRUBE, 1840)
(Fig. 4, a-j)

Palola siciliensis :

HARTMAN, 1944, p. 131; IMAJIMA and HARTMAN, 1964, p. 261; FAUCHALD, 1970,

pp. 68-69; NONATO and LUNA, 1970, pp. 86-87; WU et al., 1975, pp. 83-84.

Eunice siciliensis :
Eunice (Palola) siciliensis :
Palola viridis: GRAY, 1847, pp. 15-17.
Leodice cariboea :

OKUDA, 1937, pp. 279-280, figs. 22-23; OKUDA, 1938, p. 95.
DAy, 1967, p. 382, fig. 17, 2, a-f.

TREADWELL, 1921, pp. 47-49, figs. 136-147, pl. 4, figs. 1-4.

Collection
A B C D E F G H 1 J
E 56 May 31, 1975 Kominato 2.4 - - - 30 - 1.2 AF
E 57 Jun. 1, 1975 Kominato 4.1 - ~ - 118 - 1.5 AF
E 58 Oct. 5, 1975 Kominato 2.7 - - - 296 - 1.7 AF
E 151 Feb. 14, 1976 Kominato 3.2 - - - 202 - 2.2 SC
E 152 Feb. 19, 1976 Kominato 2.7 57-1 213-1 - 239 1 2.5 SC
E 153 ' 2.4 - - - 44 - 2.3 AF
E 154 ' 2.6 - - - 136 - 2.5 CSs
E 155 s 2.7 - - - 84 - 2.4 AF
E 157 ' 5.7 - - - 55 - 4.0 AF
E 166 Apr. 16, 1976 Ishigaki 1.8 - - - - 1.3 CS
E 167 ’s 2.0 56-1 - 136 1 0.9 CSs
E 171 Apr. 17, 1976 Ishigaki 6.8 123-1 - 747 1 5.1 SC
E 182 ' 5.3 119-1 - 511 1 5.0 CS
E 189 Apr. 21, 1976 Ishigaki 4.7 66-1 - 285 1 3.0 CS

195
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E 190 Apr. 21, 1976 Ishigaki 5.9 - - - 116 - 4.5 AF

E 191 ’s 6.2 - - - 26 - 4.2 AF

E 192 Apr. 16, 1976 Ishigaki 1.9 37-1 - 147 1 1.8 CS

E 194 Apr. 18, 1976 Ishigaki 7.8 122-1 - 732 1 5.9 CS
Description: Many specimens were collected. The largest one (E 171) autotomised into two

They were found at the bases of seaweeds, such
as Ecklonia cava and Eisenia bicyclis, in crevices
of rocks at Kominato on the Pacific coast of
the Boso Peninsula and within corals at Kabira
of Ishigaki Island.

Fig. 4.

Palola siciliensis (GRUBE, 1840).
b, First parapodium, in anterior view, X80.
d, Parapodium 158, in-anterior view, X 25 (E 182).
seta, X800. g, Capillary seta, x800. h, Mandibles, in ventral view, X40 (E 157). i,

Maxillae, in dorsal view, X40.

a, Anterior end, in dorsal view,

pieces measures 210 mm long by 5.1 mm wide
including parapodia and has 747 setigers.

The color of the anterior dorsum is greenish
brown in large specimens or beige in small

ones, Other parts of the body is colorless or

x25 (E 57).
c, Parapodium 50, in anterior view, X80.
e, Acicula, X800 (E 57). f, Compound

j, Posterior end, in dorsal view, X25 (E 194).
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beige. In epitokous females, the light green
eggs can be seen within the posterior body.
The male posterior body is pink. Each posterior
parapodium is marked by a black pigment spot.

The prostomium is bilobed in front. There
are five occipital antennae. All of them are
smooth and extend beyond the anterior margin
of the prostomium. The central and longest
antenna reaches the anterior margin of setiger
7. The inner lateral ones reach setiger 4. The
outer ones reach the first setiger. They are
irregularly annulated; in a small specimen (E
167) only the median three antennae were
present. Two large, ovoid eyes are situated
outside the inner lateral antennae (Fig. 4,a).
The first peristomial ring is prolonged forwards
on the lateral sides; the second ring has a pair
of smooth cirri which reach setiger 3.

The first parapodium has a cylindrical ventral
cirrus and a filiform dorsal cirrus which is more
than twice as long as the other dorsal cirri
(Fig. 4b). The dorsal cirri diminish in size
posteriorly and the ventral cirri become provided
with proximal pads (Fig. 4c). Branchiae are
present on posterior parapodia (Fig. 4,d), but
the exact distribution could not be determined.
The occurrence of branchiae ranges according
to the body size of each specimen.

The black acicula are bluntly tapered and
number one or two in a parapodium (Fig. 4, e).
The compound falcigerous setae in subacicular
positions are bidentate and hooded. The stems
are characteristically curved (Fig. 4, ). In
supracicular positions, there are only capillary
setae serrated on one margin (Fig. 4, g).

The pharyngeal apparatus consists of well-
developed mandibles and relatively small max-
illae. The mandibles have the cutting edges
strongly calcified and the shafts are transparent
vellow and triangular in the cross-section (Fig.
4,h). They are scoop-shaped. The maxillary
supports are long and wide compared to the
small maxillary plates. The maxillary formula
is Mx. I=1+1, Mx. II=3+4+2, Mx. III=1+0,
Mx. IV=1+1, Mx. V=1+1 (Fig. 4,1).

The pygidium has long dorsal cirri and short
ventral cirri (Fig. 4,j).

Distribution: Mediterranean Sea; Atlantic,
Indian and Pacific Oceans,
Japan.

Discussion:

In warm waters;

HAUENSCHILD et al. (1969) have
studied the problems of the lunar-periodic re-
production in P. siciliensis (as Eunice viridis
GRAY, 1847). Recently HOFMAN (1974) dealt
with maturation, epitoky and regeneration in
this species. These studies have brought us a
great deal of knowledge of physiology and
ecology of this species.

HARTMAN (1944) named four species of this
genus. They are very closely related and the
differentiation may be impossible morphological-
ly. Only two species can be separated mor-
phologically in this genus, i.e. P. siciliensis and
P. paloloides: HARTMAN, 1944, pp. 131-132.
The two species are separated in the dentation
of right maxillary plate II, in that the former
has two teeth and the latter has three. All
specimens examined has two teeth on the right
maxillary plate Il and thus agree with P. sici-
liensis.

Genus Marphysa QUATREFAGES, 1865
Marphysa disjuncta HARTMAN, 1961

(Fig. 5, a-0)
Marphysa disjuncta: HARTMAN, 1961, pp. 81-83, pl. 10, figs. 1-3; FAUCHALD, 1970, pp. 60-61.
Collection
A B C D E F G H 1 J
E 60 Aug., 1975 Kagoshima Bay 4.4 12-9 25-11 28-1 57 16 2.7 AF
E 61 . 4.6 14-1 25-7 32-1 48 16 2.9 AF
E 62 ’s 5.3 13-12 274 30-1 58 20 3.0 AF

Description: All three specimens collected
from the inner part of Kagoshima Bay are

anterior fragments. The largest individual (E

62) measures 34.0 mm long and 3.0 mm wide
including parapodia, with 86 setigers.
The coloration could not be defined in alcohol
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j k 1

Fig. 5. Marphysa disjuncta HARTMAN, 1961. a, Anterior end, in dorsal view, X25 (E 60).
b, The same, in lateral view, X15. c, Buccal region, in ventral view, X40. d-1, First
parapodium, in anterior view, X80. d-2, The same, in posterior view, X80. e-1, Para-
podium 8, in anterior view, X80. e-2, The same, in posterior view, X80. f-1, Para-
podium 21, in anterior view, X40. {-2, The same, in posterior view, X40. g, Para-
podium 46, in anterior view, X40. h, Parapodium 77, in posterior view, x40 (E 61).
i, Subacicular hook, x400 (E 60). j, Aciculum, X400. k, Comb seta, x800. 1, Com-
pound seta, X800. m, Capillary seta, X800. n, Mandibles, in ventral view, X40. o,
Maxillae, in dorsal view, X 40.
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preserved specimens.

The five occipital antennae are almost equal
in length or the outer pair somewhat shorter.
All of them are smooth, slender and get beyond
the anterior margin of prostomium (Fig. 5, a).
Two small, oval eyes are situated at the outer
bases of the inner lateral antennae. The two
peristomial rings are equally long dorsally, but
the first one is projected forward on both lateral
sides (Fig. 5,b). The prostomium is very
slightly incised in front and the incision connects
to a ventral groove extending to the posterior
part of the prostomium (Fig. 5,c). The calci-
fied points of the mandibles are projected from
the mouth.

Parapodia are uniramous; the postsetal lobes
are remarkable. The first parapodium has a
long cone-shaped dorsal cirrus and a cylindrical
ventral one. The setal lobe with distally rounded
end is supported by one aciculum (Fig. 5, d-1).
The digitiform postsetal lobe projects from the
parapodium; it is about as high as the dorsal or
ventral cirrus (Fig. 5, d-2). Later prebranchial
parapodia are larger than the first parapodia
and have shorter ventral cirri; each setal lobe
has three embedded acicula and the postsetal
lobe is tapered (Fig. 5,e). Each branchial para-
podium has a conical ventral cirrus, a long
dorsal cirrus similar in shape to a branchial
filament, a conical postsetal lobe and a rounded
setal lobe with one aciculum embedded (Fig.
5,f). The postbranchial parapodium decreases
in size, having a long thread-like dorsal cirrus,
a conical ventral cirrus and a subacicular hook.
The postsetal lobe is lower than the setal lobe
in the postbranchial region. Dorsal cirri have
knob-like papillae on their ventral bases (Fig.
5,g) and become longer and slenderer with
well-developed papillae in more posterior para-
podia (Fig. 5,h). Branchiae which extend over
the dorsum of each branchial segment start on
setigers 12-14; the first branchia has seven to
12 filaments. The number of branchiael fila-
ments increases to about 20 at the middle of
the branchial region, then decreases to four to
ten at the last branchia. The last branchia is
on about setiger 25.

Dark subacicular hooks are first present from
setigers 27-32, which are the second or third

segment after the last branchial one. They
occur singly in each parapodium. Their tips
are slightly curved without dentition (Fig. 5,1).
Acicula are dark with bluntly tapered ends;
their number varies with the body region as
described above. The tip projects from the
setal lobe in the postbranchial region (Fig. 5, j).
Comb setae with asymmetrical lateral extensions
and about six inner teeth (Fig. 5,k) occur from
near setiger 8 to the posterior ends of fragmens.
The number is less than five in a fascicles.
Compound spinigerous setae have indistinctly
serrated blades (Fig. 5,1) and number maximally
30 in a parapodium in the prebranchial region;
they become more sparse posteriorly, e.g. six
to seven at setiger 45. Simple setae are long
and slender with short spines (Fig. 5, m), number
six or seven on the first parapodium, increase
to more than 20 in a branchial parapodium and
decrease to five to seven in a postbranchial
parapodium.

The mandibles are anteriorly well calcified
on the cutting edges which are sculptured by
15-16 lines. The shafts are slender (Fig. 5, n).
The maxillary supports are almost rectangular.
The maxillary formula is Mx. I=1+1, Mx. II=
6-7)+(7-9), Mx. II1=8+0, Mx. IV=(4-5)+7,
Mx. V=1+1 (Fig. 5,0).

This species is described here as new to Japan.

Distribution: Southern California; Kagoshima
Bay, Japan.

Discussion: Marphysa disjuncta was original-
ly described with about 15 pairs of branchia by
HARTMAN (1961). The specimens collected from
Kagoshima Bay has 13-14 pairs of branchiae,
FAUCHALD (1970) remarked that M. disjuncta
is distinguished from M. kinbergi-with 20 pairs
of branchiae. M. bellii has also about 15 pairs
of branchiae; however, M. bellii differs from
M. disjuncta in that the former has both com-
pound falcigers and spinigers but the latter
has only compound spinigers. The specimens
described here are only anterior fragments with
48-85 setigers, so it is not clear if these speci-
mens had compound falcigers in the posterior
lost part of the body. The three specimens are
here considered as M. disjuncta in that they
have subacicular hooks from about setiger 30 in
stead of from setiger 39 as in M. bellii.
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Marphysa sanguinea (MONTAGU, 1815)
(Fig. 6, a-q)

Marphysa sanguinea :

FAUVEL, 1923, pp. 408-410, fig. 161, a-h; FAUVEL, 1936, pp. 69-70; OKUDA,

1937, pp. 286-287, fig. 31, a-e; OKUDA, 1938, p. 96; HARTMAN, 1944, pp. 127-128, pl. 8, figs. 179-183;
OKUDA and YAMADA, 1954, p. 188; HARTMAN, 1961, p. 84; PETTIBONE, 1963, pp. 236-238, fig. 62,
IMAJIMA, 1967, p. 432; DAY, 1967, p. 396, fig. 17,
5, u-y; IMAJIMA, 1968, p. 32, fig. g; FAUCHALD, 1970, pp. 64-66.

a-k; IMAJIMA and HARTMAN, 1964, pp. 259-260;

Marphysa iwamushi :

1ZUKA, 1912, pp. 141-143, pls. 1, fig. 8 and 14, figs. 11-16.

Collection
A B C D E F G H I J
E 67 May 6, 1973 Kominato 11.5 32-1 93-1 265 10.9 CS
E 68 . 1.5 281 64-1 271 0.3 CS
E 69 . 12.5  26-1 97-1 251 1.1  CS
E 70 ' 10.5 25-1 47-1 189 8.5 CS
E 71 .y 11.0 27-2 46-1 10.0 CS
E 72 Vs 9.8 24-1 56~-1 9.9 AF
E 73 - 12.0 30-2 - 11.0 AF
E 74 .y 12.0 27-1 - 12.0 CS
E 75 Vs 15.0 25-1 - 11.5 AF
E 76 s - 626 CS
E 77 May 4, 1973 Kominato 28.5 47-1 - 16.0 AF
E 78 us 13.0 46-1 43-1 10.0 CS
E 79 s 16.5 50-1 - 14.0 AF
E 80 s 13.0 35-1 - 11.0 AF
E 81 vs 13.5 31-1 - 13.0 AF
E 82 . 13.5 31-1 - 11.0 AF
E 83 s - - - - - - - PF
E 84 Nov. 5, 1975 Kominato 16.0 29-1 - 10.0 CS
E & Nov. 19, 1975 Kominato 13.5 32-1 - 15.0 CS
E 86 - 13.5 31-1 - 11.0 CS
E &7 ' 13.0 36-1 - 12.0 CS
E 88 s 13.0 31-1 - 13.0 CS
‘E 89 'y 14.0 34-1 - 12.0 CS
E 90 ., - - - - - - - PF
E 91 'y 19.5 47-1 - 872 8 18.0 CS
Description: Many specimens were collected than twice as long as the second one (Fig. 6, a).

from rocky areas in the intertidal zone. The
largest specimen (E 91) measures 805 mm long
by 18.0 mm wide including parapodia (at about
setiger 50) and has 872 setigers. The cross-
section of each segment is nearly circular in
the anterior several segments, and becomes
gradually flattened and wider in the remaining
part of the body.

The color of the dorsum
with metalic iridescence.

The prostomium is bilobed in front. There
are five occipital antennae; the median and
longest one is twice as long as the prostomium.
The first peristomial ring is broad and more

is reddish brown

Anterior parapodia have well-developed post-
setal lobes with almost conical dorsal and ven-
The ventral cirri are provided with
proximal pads in branchial parapodia, where
the postsetal lobes become low and the setal
lobes high. In the first parapodia (Fig. 6, b-c),
the postsetal lobes are elongated and cylindrical.
The postsetal lobe is higher than the setal lobe
in parapodium 5 (Fig. 6,d). Branchiae start
from parapodia 30-50 as a single filament or as
rudimentary knobs (Fig. 6,¢). The first occur-
rence of the branchiae varies with the size of
the specimen. The number of branchial fila-
ments gradually increases to the middle part

tral cirri.
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Fig. 6. Marphysa sanguinea (MONTAGU, 1815). a, Anterior end, in dorsal view, X6. b-1,

First parapodium, in anterior view, X 15 (E 76). b-2, The same, in posterior view, X 15.
¢, First parapodium, in posterior view, X15 (E 91). d, Parapodium 5, in anterior view,
X15. e, Parapodium 47, in anterior view, X15. f{, Parapodium 210, in anterior view,
X10. g, Parapodium 800, in anterior view, X10. h, Subacicular hook, X400. i, Acicu-
lum, X100. j, Capillary seta, X200. k-1, Comb seta, X100. k-2, The same, enlarged
of part, X1200. 1-1, Compound spiniger, X100. 1-2, The same, enlarged of part, X400.
m, Mandibles, in dorsal view, X15. n, Maxillae, in dorsal view, X15. o, Anterior end

of young worm, in dorsal view, X30. p, Subacicular hook of young worm, X400. q,
Compound falcigers of young worm, X400.
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of the body, then it decreases slowly to the
posterior end. For example, in specimen E 91,
the branchial filaments occur one on parapodium
47, two on p. 51, five on p. 70, seven on p. 90,
six on p. 110, eight on p. 170, seven on p. 190,
six on p. 350, five on p. 450, four on p. 550,
three on p. 700, one on p. 800, and is absent
on p. 850. Thus the maximal number of fila-
ments is eight (Fig. 6, f).

Subacicular hooks are bidentate and hooded
(Fig. 6,h). In fully grown specimens (of more
than 13mm of head length), they are completely
absent and in specimens with 10 mm head
length, they start after parapodium 45, but the
occurrence is scattered. The smallest specimen,
measured 9.8 mm in head length, has subaci-
cular hooks from parapodium 56 to the posterior
end of the fragment. The color of the hook
is yellow or amber basally and always trans-
parent near the tip. The hook is slender and
lighter in color than the aciculum. The apical
tooth is swollen compared to the second one.
The aciculum is black and stout with bluntly
tapered end (Fig. 6,i). They number two to
eight in a parapodium. The number is three
in the first parapodium, increases to eight in
parapodium 90 and decreases to two in far
posterior parapodia (on specimen E 91). The
number of acicula is lower in small specimens.
The simple setae are long, slender and limbate
(Fig. 6,j). Each comb seta has more than 30
inner teeth and asymmetrical extensions on the
cutting edge (Fig. 6,k-1). The inner teeth are
pointed (Fig. 6,k-2). In subacicular positions,
there are many compound spinigers. Their
blades are serrated on one side (Fig. 6,1).

The mandibles are black and have calcified
anterior cutting edges (Fig. 6, m). The maxillary
carriers are almost rectangular with rounded,
concave end pieces. The maxillary formula is
Mx. I=1+1, Mx. I[I=(3-4)+(3-4), Mx. IlI=
4-6)+0, Mx. IV=B-9+(3-7), Mx. V=1+1
(Fig. 6,n).

The pygidium has two long dorsal and two
very short ventral cirri.

Young specimens

In addition to the specimens collected, about
50 young specimens donated by Akita-ken Oga
Aquarium were examined. These specimens
had been reared in containers.

They range from 10-30 mm in length and
1.0-3.0mm in width. The number of setigers are
39-91. Four individuals with three prostomial
antennae measure 11.5-21.0 mm long by 1.1~
1.6mm wide for 32-62 setigers (Fig. 6,0).
Subacicular hooks always present in young
worms are bidentate and hooded (Fig. 6, p).
The two teeth are somewhat sharper than in
adult worms. The hooks start from setigers
15-20, depending on the development of bran-
chiae. Branchiae are present as single or bifurcate
filaments and are restricted to the middle body.
They start from setigers 13-15. A few caudal
parapodia have compound falcigerous setae.
These are hooded, bidentate or sometimes
tridentate (Fig. 6, @).

Distribution: Mediterranean Sea; Atlantic,
Indian and Pacific oceans, cosmopolitan in warm
waters; Japan.

Discussion: It has been suggested by FAU-
CHALD (1970) that the distribution of branchiae
and the appearence of subacicular hooks are
variable in this species. PETTIBONE (1963)
reviewed what the biology of Marphysa san-
guinea is. She also mentioned that the young
worms may have compound falcigers and less
than five antennae. The adult worms are fre-
quently used as bait in Japan and known under
the name of ‘Iwa-mushi’ or ‘Iwa-isome’. These
names mean rocky eunicid worms, These terms
are considered to indicate the biological habitat
of this species. In winter night, at ebb tide,
the worms can be observed extending their
anterior bodies from the tubes and feeding on
seaweeds or little animals.

Genus Lysidice SAVIGNY, 1818
Lysidice ninetta AUDOIN and MILNE EDWARDS, 1833
Fig. 7, a-n)
Lysidice ninetta: FAUVEL, 1923, pp. 411-412, fig. 162, a~g; MONRO, 1933, pp. 70-71; HARTMAN, 1944,
p. 125; HARTMAN, 1948, p. 83; DAY, 1967, p. 403, fig. 17, 8, g-i; FAUCHALD, 1970, pp. 52-53;
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NONATO and LUNA, 1970, pp. 84-85.

Lysidice ninetta collaris: WU et al., 1975, p. 84.

Lysidice collaris: CROSSLAND, 1904, pp. 143-144; IZUKA, 1912, pp. 133-135, pl. 14, figs. 9-10; MONRO,
1933, pp. 69-70; MONRO, 1937, p. 290; OKUDA, 1937, pp. 288-289, fig. 34, a-e; OKUDA, 1938, p. 96;
HARTMAN, 1948, pp. 83-84; DAY, 1967, pp. 402-403, fig. 17, 8, a-f; IMAJIMA, 1967, p. 432; IMAJIMA,
1968, p. 31.

Collection
A B C D E F G H I J
E 92 May 4, 1973 Kominato 6.0 - - 26-1 86 - 5.5 AF
E 93 N 6.5 - - 201 - 57 AF
E 94 ’s 6.5 - - 27-1 - 5.5 AF
E 9 May 31, 1975 Kominato 2.1 - - - 1.3 AF
E 9% . 3.8 - - 21-1 - 31 AF
E 97 Jun. 12, 1975 Oga 5.3 - - 21-1 75 - 3.0 CS
E 98 ' 5.3 - - 22-1 - 3.2 AF
E 99 s 4.3 - - 20-1 - 3.4 CS
E 100 s 5.1 - - 22-1 - 4.0 AF
E 101 ., 2.1 - - 181 - 1.8 AF
E 102 Jun. 13, 1975 Oga 3.2 - - 21-1 - 2.2 CS
E 103 Oct. 4, 1975 Kominato 5.0 - - 19-1 - 2.8 AF
E 104 's 4.4 - - 21-1 - 4.0 AF
E 105 'y 3.5 - - 21-1 - 1.8 AF
E 106 'y 3.7 - - 26-1 - 1.7 AF
E 107 Oct. 5, 1975 Kominato 3.0 - - 22-1 - 1.7 CS
E 108 s 1.0 - - - 0.8 AF
E 109 ’s 1.3 - - - 0.8 CcSs
E 110 s 1.1 - - - 0.8 CcS
E 111 - 1.1 - - - 0.8 CcS
E 112 - 2.2 - - 22-1 40 - 2.0 AF
E 113 ’y 3.0 - - 23-1 51 - 2.5 AF
E 146 Feb. 19, 1976 Kominato 6.5 - - 21-1 - 6.0 AF
E 147 s 4.0 - - 20-1 - 3.8 CS
E 148 'y 5.5 - - 20-1 - 5.5 CcS
E 149 Feb. 14, 1976 Kominato 3.1 - - 18-1 - 1.7 CS
E 150 Feb. 17, 1976 Kominato 3.0 - - 18-1 - 3.5 CS
E 160 Apr. 16, 1976 Ishigaki 4.5 - - 19-1 - 4.0 AF
E 161 ' 3.3 - - 17-1 - 3.2 AF
E 162 ys 4.6 - - 17-1 - 3.8 AF
E 163 ' 3.9 - - 16-1 - 3.0 CS
E 164 ' 2.9 - - 19-1 - 2.5 AF
E 165 s 3.4 - - 17-1 - 3.1 AF
E 168 ’s - - - - - - - PF
E 183 Apr. 17, 1976 Ishigaki 3.5 - - 18-1 - 3.5 AF
E 184 ., 3.7 - - 19-1 - 3.3 AF
E 185 vy 6.5 - - 18-1 - 4.2 AF
E 186 ’ 2.1 - - 20-1 - 3.0 CS
E 187 . 3.5 - - 19-1 - 3.6 CS
E 188 4y 3.0 - - 20-1 - 3.0 CS
Description: Many specimens were collected smallest young worm measures 1.0 mm in head
from intertidal or subtidal rocky areas. These length and 0.8mm in width. On the other
specimens include a wide range of sizes; the hand, the largest one measures 6.5 mm in head
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length and 5.7 mm in body width. Most of the
specimens examined were incomplete. Even
when complete, the specimens usually divided
into some pieces due to the fragile nature of
the body of this species.

The color of dorsum is reddish brown with
numerous white dots. Colorless transverse bands
appear only on setiger 2 or both setigers 2 and 3.

The prostomium is bilobed in front and twice
as long as the first setiger (Fig.7,a). There
are three occipital antennae, subequal in length
and projecting slightly from the anterior margin

of the prostomium. Two eyes situated outside
the paired tentacles are usually reniform but
sometimes oval (Fig. 7, b). The first peristomial
ring is broader than the second.

Parapodia are uniramous and lack branchiae.
The dorsal cirri are long and cylindrical in the
first few parapodia (Fig. 7,¢) or short and
conical in posterior parapodia (Fig. 7,d). The
ventral cirri are also long in anterior parapodia
and short with proximal pad in posterior ones.
The postsetal lobe is higher than the presetal
or setal lobe.

Fig. 7. Lysidice ninetta AUDOIN and MILNE EDWARDS, 1833. a, Anterior end, in dorsal
view, X10 (E 93). b, The left eyes of several specimens, X50 (from left to right, E 92,
93, 94, 97, 104, 107, 110). ¢, First parapodium, in anterior view, X60 (E 92). d, Para-
podium 45, in anterior view, X50. e, Subacicular hooks, X400 (E 188,92). f{, Aciculum,

X250. g, Comb seta, X500.

h, Compound seta, Xx400.

1, Capillary seta, X400. j,

Mandibles, in dorsal view, X15. k, Maxillae, in dorsal view, X25. 1, Eggs, X80, m,

Anterior end of epitokous female, in dorsal view, X80 (E 133).

n, Anterior end of

epitokous male, in dorsal view, x50 (E 112).
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Dark subacicular hooks are bidentate and
hooded. Both teeth are directed upward along
the stem. In the large specimen, the hooks
lack hood and their teeth become dull (Fig. 7, e).
Subacicular hooks start from setigers 16-25 in
these specimens. Acicula are darker and stouter
than the subacicular hooks; they appear singly
in a parapodium and have bluntly tapered tips
(Fig. 7,f). Each comb seta has nearly sym-
metrical lateral extensions and more than ten
inner spines (Fig. 7,g). Compound setae, situ-
ated in subacicular positions, are bidentate and
hooded (Fig. 7,h). The cutting edge of the
hood and the distal part of the stem are ser-
rated. Both teeth of the blade are directed
laterally. Simple setae are broad and serrated
on the middle portion (Fig. 7,1).

The mandibles are H-shaped with two black
horny plates on their outside. They sometimes
are calcified on the cutting edge (Fig. 7,j). The
maxillary carriers are long and relatively narrow.
The maxillary formula is Mx. I=1+1, Mx. II=
(3-4)+(3-4), Mx. III=(3-4)+0, Mx. IV=(1-3)
+(2-4), Mx. V=1+1 (Fig. 7, k).

The pygidium has two long dorsal and two
short ventral cirri.

Epitokous specimen

Two epitokous specimens were collected from
the bases of seaweed at Kominato. Specimen
E 133 is a female with purplish eggs within
the body. When the worm was captured, it
released the eggs from the dorsal part of the
parapodia. The eggs have large yolk granules
and purple pigments at their vegetal pole (Fig.
7,1). Thus the adult females are colored pur-
plish posterior to setiger 25. The anterior body
is beige colored in epitokous females, without
the distinct bands of the atokous stage. The
prostomial antennae are very short and conical.
Outside the paired antennae, there are two
enlarged oval eyes (Fig. 7, m).

In the male specimen (E 112), the anterior
body is beige without bands and the posterior
body is pink by the mixture of red blood and
white male products. The eyes are also rounded
and enlarged (Fig. 7,n).

Distribution: Red Sea; Mediterranean Sea;
Atlantic, Indian and Pacific Oceans; Japan.

Discussion: Lysidice collaris was considered

synonymous with L. ninetta by FAUCHALD
(1970), who did not consider the character used
to differentiate the two species, i.e. the shape
of eye as significant. FAUCHALD (1970) men-
tioned that the shape of eye is related to the
start of the subacicular hooks and that the latter
depends on the size of the specimen. The
specimens examined here did not present a
clear relationship between the two diagnostic
characters and the size of the specimen; how-
ever, these two characters may be related to
the physiological condition of this species. In
the epitokous stage the eyes become enlarged
and the outline becomes obscured. The dilatation
of the eyes causes the shape to become oval or
circular. The anterior or central part of eye,
however, remains somewhat lighter in color.

The three antennae are considerably shorter
in epitokous stage than in atokous stage. This
was mentioned of L. ninetta by MONRO (1933,
p. 71). L. collaris may be considered as an
atokous stage of L. ninetta. The present author
considers that the two named species are
SYnonymous.
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Beam Attenuation and Particle-size Distribution
in the Kuroshio Area*

Kanau MATSUIKE** and Tsutomu MORINAGA***

Abstract:

The authors had an opportunity to participate in KH75-5 Navigation of the

Hakuho-maru of Tokyo University. The title of this study was ‘“Study of Stream and Fine
Structure of Kuroshio Area.” During the navigation, which traversed the Kuroshio in two
different locations, beam attenuation was measured at many positions to determine from the
viewpoint of attenuation measurements the structure of the Kuroshio area as well as its
interface with the coastal water. Particle sizes were also measured to determine their distri-
bution from the surface to 3,500 m at some strategic locations. These measurements were
made simultaneously with other measurements of temperatures, salinities, and current velocity.

The results of the survey are summarized as follows,

1. A turbid water layer having a thickness of about 20 meters was observed at depths of
50 to 60 meters in the Kuroshio. This turbid water mass joins with turbid coastal water
when the Kuroshio approaches near to the coast of Japan. It was found that these two
water masses; coastal and Kuroshio waters had equal in-situ density. This feature is
considered to offer a valuable suggestion regarding the motion of water at the interface

between these different water masses.

2. The optical attenuation in the Kuroshio remains approximately constant regardless of time
and position, exhibiting a constant value of 0.11m™ to 0.12m™ (486 nm). This provides
a useful criterion for comparing the extent of attenuation in other water masses.

3. In a specific water mass of the Kuroshio in which turbidity retains a very stable value,
the concentration of suspended particles is 0.18 ppm and their average diameter is 1.27 g
In every water area covered by this survey, the particle volume in layers deeper than 50
meters decreased with depth. The particle concentration was 0.0l ppm at the depth of
500 meters and then, it scarcely changed up to the depth of 3,500 meters.

1. Introduction

It is well known that turbidity in water is
closely related to the quantities and characteris-
tics of tiny suspended matter and organic dis-
solved substances. Studies on the turbidity of
water were started earlier than those on other
optical characteristics in sea water and are clas-
sified roughly into two categories—one is the
distribution of turbidities themselves and the
other is the relationship between turbidities and
the quantities of various substances in suspen-
sion. The studies of JOSEPH (1955), NISHIZAWA
and INOUE (1958), BALL and LAFOND (1964)

* Received March 23, 1977
** Tokyo University of Fisheries, 4-5-7, Konan,
Minato-ku, Tokyo, 108 Japan
*** Faculty of Agriculture, Kinki University, 3-4-1,
Kowakae, Higashiosaka-shi, Osaka, 577 Japan

and DRAKE (1971) belong to the former category.
They have introduced the measurements in
turbidities of the Norwegian coastal water, East
China Sea, coastal water off Mission Beach of
California, and water of the Santa Barbara
Channel, respectively and suggested the rela-
tionship between the distribution of turbidities
and the thermoclines. The studies of JONES
and WILLS (1956), NISHIZAWA and INOUE
(1964), and TAKEMATSU et al. (1971) pertain to
the latter category. They have investigated the
relationship between turbidities and mud of the
River Thames, living plankton, and suspended
matters, respectively. TYLER et al. (1974) have
reviewed the theoretical basis for measurement
of beam transmittance of water, and errors in
the measurement of beam transmittance have
also been reviewed by MOREL (1974) and JER-
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LoV (1968). Besides, the relationship between
sizes of suspended particles and turbidities has
been theoretically and experimentally studied
by BURT (1957), TUCKER et al. (1969) and
OWEN (1974).

It can be said, however, that each of the
studies belonging to the former category is
based on a limited number of measurements
obtained from coastal or inlet water and does
not deal with the turbidity of oceanic water.
Furthermore, the data from those studies are
not coherent or systematic enough because such
data are obtained by means of the diverse in-
struments made by the scientists themselves.
The studies belonging to the latter category do
not answer the question; ‘“how and to what
extent does each of the suspended substances
affect the turbidity of the water.”

Recently, R. C. SMmITH and J. E. TYLER of
Scripps Institution of Oceanography have de-
monstrated the value of precision of measure-
ment of the beam attenuation coefficients found
in the literature (1976) and AUSTIN (1973) has
measured the beam attenuation coefficient of
water of the Sargasso Sea (Data Report of
SCOR Discover Expedition).

There are still many problems to be cleared
up in this field of study, firstly, how to obtain
accurate data for the attenuation coefficient in
different sea areas, secondly, how to determine
to what extent each of the suspended particles
or dissolved organic substances affect the tur-
bidity of water, and thirdly how to apply the
measurements to the studies of physical oceano-
graphy and to what extent marine life is direct-
ly or indirectly influenced by the turbidity of
coastal water.

2. Instrument and observation method

The submarine instrument for the measure-
ment of beam transmittance is the XMS in-situ
transmissometer manufactured by MARTEK
Co., Ltd. The design of this instrument was
based on the instrument introduced by PETZOLD
and AUSTIN (1967). The instrument is provid-
ed with a path length of 1 meter and uses a
wratten filter (No. 45), in order to measure
blue light transmittance at the peak wave length
of 493 nm; (the medium wave length is 486 nm,

and the bandpass (50 % points) is 53nm, re-
spectively).

The XMS in-situ transmissometer together
with an EPR-3T high sensitive self-registering
recorder manufactured by TOA DENPA Co.,
Ltd. was used for measurements of beam trans-
mittance and pertaining depths both of which
were automatically recorded during the survey.
These observations were conducted from the
surface water to the depth of 160 meters. A
Coulter Counter, manufactured by COULTER
ELECTRONICS Inc., was used to measure
suspended particles having their sizes not less
than 1py. These measurements were made in
the different waters sampled from each layer
at each observation station.

3. Observation stations

The Navigation No. KH75-5 of Hakuho-maru
was made from September 12 to October 27 in
the year of 1975. Fig. 1 shows the distribution
of observation stations. The stations were spaced
at 6 mile intervals and the time assigned to the
measurement at each station was about 10 min-
utes, unless otherwise specified. The accurate
position of the ship at each station could be
secured- by use-of a bow-thruster in spite of
strong winds or currents.
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Fig. 1. Distribution of observation stations.
Remarks: C, Sa, M and Sb stand for cutting
plane lines across the Kuroshio, respectively.
Symbol* shows the station where sizes of sus-
pended particles are measured. Schematic belt
is the Kuroshio stream path with a speed of 1.5

knots or more.
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The symbol ““C”” (in all Figures) stands for
the track between St. C; and St. C;; traversing
the Kuroshio from the south to the north. The
survey at these stations was conducted from
18:00 on September 20 to 04:00 on September
21, 1975 (Japanese Local Time). According to
the GEK measurements at these stations, it was
indicated that the direction of flow of Kuroshio
was towards the east, centering at St. Cs.o
(between Cs and Cg) with a velocity of 2.7
knots and the range of stream flow with a speed
more than 1.5 knots was extended from St.
C9~10 to St. C7.

The symbol ““Sa’ (in all Figures) a cross sec-
tion between St. S; and St. Sy, distributed from
the north to the south. The survey at these
stations was carried out two days after the sur-
vey at line ““‘C,” from 13:00 on September 22
to 09:00 on September 23, 1975. St. Sg and
St. Cy were at the same Latitude and Longitude.
The Kuroshio was slightly shifted towards the
north in those days and its velocity had chang-
ed to 3.0 knots centering at St. Sg_y and the
range of stream flow with a speed more than
1.5 knots was extended from St. S7_s to St. Sio.

The symbol M’ (in all Figures) indicates a
cross section between St. M; and St. M, travers-
ing from the east to the west across a mass of
cold water, the Kuroshio and the water south-
ward of Kuroshio. The survey at these sta-
tions was conducted from 05:00 on September
28 to 02:00 on September 30, 1975. The dis-
tance between St. M; and St. M, in this sur-
vey was exceptionally long (12 miles). During
this period a mass of cold water stagnated off
the Kumano-nada and the direction of Kuroshio
started to change at the proximity of the line
“M’’ making a winding path as shown in Fig.
1. The stations M; to M; were located in the
cold-water mass, St. Ms to My in the Kuroshio,
and St. M; to Mis in the water southward of
Kuroshio. The strong stream of Kuroshio,
with a speed of 2.0 knots, was flowing in the
SSE direction centering at St. Ms and the range
of stream flow with a speed no less than 1.5
knots was extended from St. Ms to St. M.

The symbol ‘‘Sb’” (in all Figures) stands for
a cross section between St. Sy and St. Sss. The
majority of these stations were located in the

water southward of Kuroshio. The survey at
these stations was conducted from 02:00 on
October 1 to 18:00 on October 4, 1975. During
this period the stream of Kuroshio was flowing
from the west to the east and a little north-
ward at St. S;3.  The distance between St. S
& Sss and Sgs & Ser was 12 miles and the
distance between St. Szr and St. Sy was 18
miles. The symbol* (asterisk) stands for an
observation station where sizes of suspended
particles were measured by Coulter Counter.

4. Distribution of turbidities

FEach of four cross-sectional views, C, Sa, M,
and Sb, shown in Fig. 1 is presented in Fig. 2,
3, 4, and 5, respectively (Each of these views
shall be simply referred to as ‘“‘Section C,”
“‘Section Sa,”’” “‘Section M,”” and “‘Section Sb,”’
respectively, hereinafter). In these views, every
Arabic numeral exhibited on iso-lines stands

DEPTH

100

Fig. 2. Vertical profile of beam attenuation
coefficient, @, from St. C: to St. Cia.
Remarks: Figures on iso-lines denote values of
ax10’m™'. Arrows show the northern and the
southern boundary of the Kuroshio area with a

current speed of 1.5 knots or more.
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Fig. 3. Vertical profile of beam attenuation
coefficient, a, from St. S; to St. Si.
Remarks: Figures on iso-lines denote values of
ax10°m™'. Arrows show the northern and the
southern boundary of the Kuroshic area with a

current speed of 1.5 knots or more.

for the value of beam attenuation coefficient
multiplied by 10? and, therefore, the numerals
increase in proportion to the degrees in turbidi-
ty of water. It can be easily understood from
these graphs that there is a distinct boundary
between the coastal water mass and the Kuro-
shio stream as shown by the distribution of
turbidities.

The most interesting aspects seen in these
four vertical profiles can be pointed out as fol-
lows,

1. In the area of the Kuroshio stream, there
is a layer of turbid water having a thickness
of about 20 meters at depths of 50 to 60 meters.
It is exhibited in Section C that this turbid
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Fig. 4. Vertical profile of beam attenuation
coefficient, «, from St. M, to St. Mis.
Remarks: Figures on iso-lines denote values of
ax10°m™. Arrows show the eastern and the
western boundary of the Kuroshio area with a
current speed of 1.5 knots or more.
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Fig. 5. Vertical profile of beam attenuation
coefficient, a, from St. Sy to St. Ses.
Remarks: Figures on iso-lines denote values of
ax10’m™. An arrow shows the southern bound-
ary of the kuroshio area with a current speed

of 1.5 knots or more.

layer of the Kuroshio joins and mixes with
a turbid coastal water mass near the coast of
Shikoku. This feature is also seen in Section
Sa which is based on data obtained in the survey
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conducted two days later than the survey for
Section C. The profiles of the Kuroshio and
coastal turbid water masses around the area of
mixing at Section C and Sa have much in com-
mon notwithstanding the lapse of two days
time. A similar turbid water layer is also
seen at depths of 50 to 60 meters in the
Kuroshio shown in Section M for which a
diagram is provided in Fig. 4. This Figure
is based on the survey conducted 5 days later
than that for Section C and is roughly 180
miles away from Section C towards the east.
Section M and Section C show similar values
of turbidities notwithstanding the fact that
both the survey dates and positions are dif-
ferent from each other. Furthermore, a turbid
water layer similar to the three turbid water
masses mentioned above is also exhibited in
Section Sb, Fig. 5, based on the survey con-
ducted 14 days later than that for Section C.
Making a summary of these facts, it could
be assumed that the turbid water layer in the
Kuroshio did not originate from the Kuroshio
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itself but the layer must have had its origin
in the coastal water and was mixed into the
Kuroshio. In order to make sure whether such
an assumption can be justified or not, the
distributions of water temperatures, salinities,
and densities (0;) are obtained simultaneously
with those of turbidities for each cross section.
Figs. 6-(1), (2), & (3) show a wvertical profile
for each of the temperature, salinity, and density
distributions for Section C. Thus Figs. 7-(1),
(2), & (3), Figs. 8-(1), (2), & (3) and Figs. 9-(1),
(2), & (3) are for each of Sections Sa, M, and
Sb, respectively. The temperature, salinity,
and density data used in the above Figs. were
obtained during the research work of the KH75-5
Navigation by Hakuho-maru. When the profile
of turbidity distribution shown in Fig. 2 is
superimposed on that of density distribution
shown in Fig. 6-(3), the turbid coastal water
of Fig. 2 corresponds to the water having a
density (o) between 22.5 and 23.5 in Fig. 6-(3).
This water mass is near the surface and shows
a temperature between 23°C and 27°C and a
salinity between 34.0% and 34.3%. In the
Kuroshio, however, the water mass having the

€))

Vertical profile of temperature (°C), salinity (%0) and density (d¢)

same density as that of the coastal water mass
is located at depths of 50 to 60 meters, and the
distribution profile of turbid water corresponds
almost perfectly with the iso-lines of densities.
A similar situation is also seen in Section Sa,
shown in Fig. 7-(3). That is to say—the turbid
water mass on the land side shown in Fig. 3
has a density between 22.5 and 23.5 and its
iso-lines are joined with those at depths of 50
to 60 meters in the Kuroshio main stream, and
the distribution profile of these iso-lines cor-
responds well with that of turbid water. Both
Section M and Sb exhibit nearly the same
situation with respect to the density of the
turbid water mass. Under the circumstances,
the aforementioned assumption, that the turbid
water layer of the Kuroshio stream is origi-
nated from the coastal water mass, seems to
be confirmed.

In the study of coastal water along the
Japanese Islands, it is one of the common sub-
jects for oceanographers in this field to know
where coastal water is moving, and the as-
sumption that a part of the coastal water is
taken and carried with Kuroshio stream has

(37)
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been concluded from their studies of physical
and biological oceanography. KURODA (1969)
has discovered a phenomenon that some water

DEPTH
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Fig. 8-(1), (2) & (3). Vertical profile of temper-
ature (°C), salinity (%) and density (o)
from St. M; to St. Mj..

masses, having the characteristics of coastal
water, are in some places scattered over the
surface water of the Kuroshio stream, and Ma-
RUMO et al. (1961) have disclosed that, under
such circumstances the Kuroshio stream is jutted
out along the south coast of the Japanese
Islands, a specific kind of diatom which is
limited to the coastal waters sometimes appears
in the surface water of the south-eastward area
(around Long. 160°E) off the Japanese Islands.
In consideration of these findings by KURODA
and MARUMO et al., as well as the relationship
between the Kuroshio and the coastal turbid
water discussed above, it can be said that obser-
vations of beam transmittance as well as studies
of water temperature, salinity, and density (as
obtained by the KH75-5 Navigation) have been
important to the study of the motion and
movement of different water masses at their
interface. Of course, more intensive and longer-
term observations are needed to discuss, in
detail, such subjects as the origin of turbid
water, its motion and movement, and how long
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a turbid water mass can stably exist and remain
in a certain current. The data obtained during
the KH75-5 Navigation were limited to the
four trips discussed. Accordingly, these data
are not sufficient to discuss the movement of
turbid water in more detail. However, it can
be concluded that:
(1) A turbid water mass exists in the Kuro-
shio and it moves with the Kuroshio stream.
(2) When the Kuroshio stream approaches
turbid coastal water, a portion of the coastal
water joins the Kuroshio stream.

(8 The turbid water masses, both in the
coastal area and at depths of 50 to 60
meters in the Kuroshio, were found to
have the same value of density.

2. The Kuroshio retains a very similar value
of beam transmission indicating the value of
0.11 to 0.12m™' notwithstanding differences
in observation dates and positions. The
temperature of water at the interface between
the Kuroshio and the coastal water mass
shows a sharp change. This is also true
with the beam transmission measure. Both
of these measurements manifest a sudden
change along their interface. This is also
indicated by the iso-lines which suddenly
change direction at the interface. The tur-
bidities, in the Kuroshio stream, where a
velocity of 1.5 knots or more was found, had
values of 0.11m™! to 0.12m™ in every sec-
tional view shown in the Figures. The beam
transmission in the central stream of Kuro-
shio is very stable every where. According
to the data obtained in the Sargasso Sea by
SCOR (1973), the beam attenuation coeflicient
at 490 nm wave length, which has also been
employed for our study, is approximately
0.073m~! and for the Gulf Stream is about
0.11m™t (SCOR St. 18). It can be said,
therefore, that the Kuroshio rather bears a
resemblance to the Gulf Stream so far as the
beam transmission of water is concerned. In
addition, the quantity of chlorophyl plus phaeo-
pigments in the Sargasso Sea is 0.027 mg/m?
and in the Gulf Stream is 0.053 mg/m?® (SCOR
DATA, 1973) while the corresponding value
in the Kuroshio is 0.07 to 0.1 mg/m® (ICHI-
MURA, 1965).

For the further study of beam transmission
in the Kuroshio, it will be important to investi-
gate the variation with different wave lengths
and to study how and to what extent the
suspended and dissolved substances in water
will affect the beam transmission.

5. Particle-size distribution

In addition to measurements of the beam
transmission, particle-size  distribution = was
measured at several important stations.

Each of Figs. 10, 11-(a) & (b) and 12-(a) &

(395



90 La mer, Tome 15,

1ot

S13

Ux10* 1=

110’

1 x10°

Number {/miy

1 Xlk)?

1x10'

X0 a1
; 1
Diameter (4)
Fig. 10. Particle-size distribution in the surface
water and the layer of 20 m deep at St. Sis.

(b) shows the wvertical profile of particle-size
distribution in the Kuroshio stream (for example
St. Si3), in the adjacent coastal water (St. S¢),
and in the water southward of the Kuroshio
(St. Sg7). In these graphs, the ordinate repre-
sents the number of particles contained in 1 ml
and the abscissa shows their .diameter. Both
lines are graduated on a log scale and each of
such symbols as O, ®,[] ... shows the depth
of the layer from which sampling water was
obtained.

As seen in these graphs, the configuration of
the distribution is almost the same in each
graph. In the equation N=aX"™ (where,
“N’’ stands for the number of particles, “X’’
for diameter of particles, “‘@’> and “m’’ for
constant, respectively), the slope “‘m’ is 2.6 to
4.5. The value of ““m’ varies widely in upper
layers of water and becomes stable in deeper
layers enabling to represent it with constant
value (é.e. 3.1 1in average). BRUN-COTTAN and

N° 2 (1977)
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Fig. 11-(a) & (b). Particle-size distribution in the
surface, 25 m, 50 m, 100 m, 200 m, 500 m

and 1,000 m deep at St. Ss.

IVANOFF (1970) investigated the particle-size
distribution in the Mediterranean Sea and intro-
duced the value of ““m’” as 2.1 to 2.7 for the
particle size between 1 g and 4y and 2.7 to 4.3
for the size between 4 ¢ and 20 y in water less
than 400 meters deep. On the other hand,
MATSUMOTO (1975) reported an “‘m’’ value of
3 for the sizes between 4.1 and 53 x4 in the
Osaka Bay. It can be concluded, therefore,
that the Kuroshio has a similar ““m”’ value to
those of the Mediterranean Sea and Osaka Bay.

Table 1 shows the total volume, total cross-
sectional area, and average diameter of parti-
cles calculated by means of the particle-size
distribution. By means of the table, it can be
confirmed that, firstly, the subsurface layer (0
to 20 m deep) of the Kuroshio, in which attenu-
ation is very constant, has a particle volume of
0.15 to 0.21 ppm, a particle cross-sectional area
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Fig. 12-(a) & (b). Particle-size distribution in
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m, 1,439 m, 2,579 m and 3,547 m deep at
St. Sor.

1 x0”

of 1.2 to 1.4x 10° y2/ml, and an average size of
1.25 to 1.29 ¢; that secondly, so far as the
areas surveyed by this Navigation is concerned,
the attenuation in the layer below 100 meters
deep decrease with depth of water at any po-
sitions, while the particle volumes in these
water masses are 0.03 ppm at the depth of
100 meters and 0.02 ppm at the depth of 200
meters, and the ppm changes slowly, converging
to 0.01 ppm at 500 meters and below. Available
data for the particle-size distribution for oceanic
water are very limited. There is an article
published by SHELDON ez al. (1972) for pelagic
water of the North Atlantic and the South
Pacific Oceans, reporting the total particle
volume at the depth of 200 meters as 0.10 ppm
and that at the depth of 4,200 meters as 0.02
ppm. These data are useful as a reference,
but it is not sufficient to use them for com-

Table 1. The values of total particle volume,
cross-sectional area and average diameter in
each water area.

Kuroshio (St. Si3)

Depth (m) P.V.(ppm) P.C.A.(¢*/ml) A.D.(#)
0 1.5x107* 1.2x10° 1.25
20 2.1x107t 1.4%10° 1.29

Coastal water (St. Sy)

Depth (m) P.V.(ppm) P.C.A.(¢?*/ml) A.D.(w)
0 2.2X107* 2.2%x10° 1.18
25 1.6X107* 1.1x10° 1.26
50 6.0x1072 4.2x10* 1.39
100 2.8X107% 1.9x10* 1.42
200 1.9%x107? 1.3x10* 1.39
500 1.5%x1072 1.2x10* 1.36
1000 2.0%X1072 1.3x10* 1.49

Water southward of Kuroshio (St. Sg)
Depth(m) P.V.(ppm) P.C.A.(¢*/ml) A.D. (/'L,),

0 1.5%107! 1.0%10° 1.21

21 1.7%x107! 1.1x10° 1.24
42 1.0x107t 9.5x10* 1.21
83 4.4%1072 3.1x10" 1.33
125 2.4%1072 2.2x10* 1.28
490 1.0X1072 7.7%10° 1.39
1439 6.0x107° 5.7%10° 1.33
2579 8.0%x107? 7.0%x10° 1.35
3547 1.2x1072 1.1x10! 1.27

Remarks P.V.: particle volume, P.C.A: particle
cross-sectional area, A.D.: average diameter

parison with those in this study. In order to
discuss, in more detail, the particle-size distri-
bution of the Kuroshio in comparison with that
of other pelagic waters, the accumulation of
more data is essential.

Finally, the relationship between the attenu-
ation and the particle cross-sectional area is
brought to light in Fig. 13. In this graph,
although the plotted dispersion due to different
light attenuation in accordance with the kinds
of particles affects the plot even if the cross-
sectional area of the particles is identical, it
can be said that there is a fairly stable relation-
ship between attenuation and particle size in
most waters except specific water layers such
as the surface layer and the layers having very
high attenuation.
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Sis, St. Sor, and St. Me.

In any future study in this field, the identifi-
cation of the kinds of particles, as well as how
and to what extent suspended particles affects
attenuation should be cleared up.
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Effet de l'utilisation de la puissance du courant
marin sur le milieu marin*

Kenzo TAKANO**

Résumé: Un modéle mathématique simple de la circulation générale dans un océan permet
d’estimer ce que produit I'utilisation de la puissance du courant marin le long de la frontiére
ouest dans le milieu marin. La circulation générale est quelque peu affaiblie. Il suit
de 13 un faible décroissement du transport méridien de la chaleur, ce qui & son tour
augmente un peu la différence de la température de ’eau de surface entre la région équatori-
ale et la région polaire. Alors que I'effet &4 grande échelle est généralement petit, il arrive
un changement remarquable dans la température et le mouvement de ’eau tout prés du lieu

de l'utilisation de la puissance.
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Tableau 1. ‘Température moyenne (°C)

#EX(m) 20 120 640 1280 2760 ¥Eefk

C 18.41 13.50 3.32 1.57 1.29 2.90
E 18.41 13.66 3.43 1.55 1.18 2.87
C. 18.48 13.63 3.66 2.10 1.84 3.38
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TAKANO, K. (1974): A general circulation model
for the world ocean. Tech. Rept. No.8, Num.
Simul. Weather and Climate, Dept. Meteorology.
UCLA, Los Angeles, 46 pp.
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