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Field Test of Iron-Made Fish Reefs

Yunosuke IITAKA, Ryohei TsubDA, Tsutomu MORINAGA,
Shigeru SERA, Kozo TAKANO and Akira KOIKE

Abstract: With the purpose to make a man-made aquatic life environment in waters off the
coast, a series of field tests on iron-made fish reefs has been carried on off Kochi, Japan,
where a maximum current of 1-2 knots is sometimes found. The experimental reef was of
1.5 cubic meters, constructing by the concrete reinforcing deformed bars of 19 and 25 mm
diameters in all. Five or six reefs were connected together to make a lump of 3 m in height.
Such six lumps were set on the bottom of sand and of 30 m depth off 4.0 km from the coast,
at the end of June, 1972. The reef was designed theoretically not to move at the current
of 3.5 knots.

After then, the state of reefs, the appearance of adhesions of aquatic lives such as sea
lettuce, sea squirt, acorn shell, etc., and the species, amount of fish schools gathering around
or in the reefs were checked by means of human eyes and cameras using an aqualung, at a
certain intervals. The observation by fish sounder and the angling test by fishermen were
also made.

The results obtained until now are fairly good. Aquatic organisms adhered or gathered
to or around the reefs immediately after dropped in the bottom. The schools of yellow-spot
grunts, filefishes and groupers were all observed each time. The schools of Japanese parrot
fishes, beard grunts, horse mackerels, goatfishes, leather fishes, batfishes, stripeys and three-
line grunts were often found. Five jigging tests conducted from the 24 th of September to
the 10th of October, 1973 catched 80.4kg in total weight of groupers, threeline grunts,
mackerels, horse mackerels, bigeyes and goldstriped amberjacks, by 1-4 fishermen. The
erosion of the material of reef did not seem to make any progress until now. All experi-
mental reefs were almost not depressed and not moved from the set place.

1. # BEThD, ATMEOEITLS, T, +
WEKBIC AT fERE S R LT, HLva  OMMcd g, #E, LE, B 2vs -
WEEEREAFEORTLC E o —g e L b AT, ALTERE, BT TAF Y 7R
T, BEHIE, BIBHEEC LA ATRIELIED £ i, Thboo B, |E D 2 B2
TURNER ez al.V), $SlfafEI oW Cd, 1962 &

Jll

CLOTAAET A T R Visk= % Aoy ¥, $F, BWERLCL A

ORI R HEORBHI/NETL 321 Faculty of . o " . " * . A::
Agriculture, University of Kinki, Kowakae, EORENELEEINRB I NI, £ ORMKHIMIF
Higashiosaka-shi, Osaka, 577 Japan 3, FOERKBEDIZERR AL & LT Tin5

E R L#ERRSE KEETREX LOR 1-8-2 BIZE, NIB, 13229, roaT, Ezn
(8% V) Nakayama Steel Product Co. Ltd., © R T e ) i
1-8-2, Marunouchi, Chiyoda-ku, Tokyo, 100 PEPHEIC L - CTALREZED, 75.@;%,%%%3
Japan A EEE, FELTURDIARL LS,

1)



120 5% H12% FE35 (1974); HILEE¥LE

1D B ERE LT, T#imitmanol ] e
WO ERNMEIND Z &

2) RUHRDL, —F, T#REEA | L4 Ebh
50T, REAWHIENOBEA Tz, £
7o, SkoEHEERCL Y, mEEOTER),
EENTITHmETHL 2 &,

3) gk, LK CTRERT 5 5
O, EEST M ERN s

S HE A R,

2. REOEBBEIEZORET
R, B IEER BT o 25 R [
ok dkm, AEH 30m D b 2 AICERE L.
COAFTHERL,  HART Y AR B ik B BR T )
mEEET, BAKRoOBHITCE, B& 1~2 /v
RO, MR OBERTIE 35 /v M e EbR, K
BRI ThH B, FlofEEE, —ARE /N
»v%m,ﬁﬁiﬁ?,xyw,ﬁVf,7%

WX, TV, =Y, RwERY, huA, Y,
T v T T LIPS 1
134°40° 134° 13420
Kochi Prefecture N

Situation of
reefs set

Je—15m—sfe—15m—sy
P X =
f——30m—y

fe—100m

NOT SCALE

Fig. 1. Position and situation of the iron-made
experimental reefs,

2

%%ﬁﬂﬁf%%om@»v%ﬁ,ﬁﬁﬁ%ﬁ%
ik, 1~3 Ha2all, miEsd X s i
BLLCw5b,

7ok, LR F O i,
D2 HEE XN T,
TR AREE D,
OB FRALE

BRI T VEE
EBITHLEBm L, B
oA LiEd ey, Fig 1 X525
B & DB A R,

3. REOEESEE

BERDIEAMRT, R 15m 0 HET, .
T, B 34m® ThhH, THUREREN, 19 X
L 26mm DEREHEET R FRICEE L=y
MR BALTHITORTVWE, ==y biT
v, I, I oz oonfMai# s Fig. 213, 1, 11
D=y ML ETREFRESThN: alED YT
bh, —HEAEDOELGHERI T L 200kg
T, MALTREAEAL T, Fy PR,

BT AE OWE COEE S 2Tl XD
SIERT, ZOBADEEINIIEAML LIFIE &
DHOFIEERATHLA L LT, WE, HEHL
G, BEBEEY b, SpkoKbcoEs T W,

W E 2 P15 Co, BT A,
Wl a v, MKEEE 0w &3 HUE,

G’7ﬂ117> 1 CD Ow* cAev?

DO TDOEE LD, LTAT, oMo
Bix 7.0g/cm® ThiHmnb, W=200x0.86x10°
dyne, A 1T#EFHKHH 5.8x10¥em? Thb, Cp
EHRETIZ o T KAWAKAMI and T'SUBOTA®
DERBME 1.4, i o> Ckpbiie B ie L0 =
D OREE SRR DRI 0.8 L3 UE, pu=
1.0 L,

0.8x200x0.86x10°

%XL4XLOX58XIW

=1.84 cm/sec (=3.5/ v })

Tiodob, EBRABEAKIERET, 3.5 /v
POWNCELD LB 2, BRARCIEERD
ﬁ@ﬁﬁhlofﬁéi%#ﬁ%;%@%%:ﬁ
Lo AD@ERERT S, ToOEHTEAKT
N

7



121

RIPFEMBATAFED B4

Type

I

100

ey

T 0061

,_,_\»W/.,\%\//

UNIT : MILIMETER

D : diameter

@ -inside diameter
t - thickness

SCALE : 1720

2

A
250x100x

2100

200
00
2

Type i

UNIT: MILIMETER

S @ -

°

P—ogs—T

oost

ooy 06!

SCALE : 1720

reef used.

Fig. 2. Schematic diagrams and designations of two types of experimental

3



gn

\

122 5 B HW12% W35 (1974); BLEREZ

2 B &5 5 EIfT - 7co 9 AR OEKIED
EEE, AAo—Ein BBl B TR
i, 150 HoBKIERD & & iz igE R
WAITV, SBEEAROMERIRE 2 384 Ui,

5. HERRUEE

1. AT L R

AETCIEET A a0, RE2HHBOE 1 HFE
ENDLEZLBEMEN, 2398, vV 5
F, ~NRIFCRLR, 1A, erEf, =
TV, B AY, AVANFE, VARG, HahF
FA, ARk <Abhie. Fig. 4, 5 ikik
IR T B o—4lc, Fig. 4 xZEgkenig,
/O IEE D N B D Eogeo Fig. 5 i 15 B HDOEETH D,

Fig. 3. A lump of reefs in the bottom at which
it was just set.

BEHBRETEA S b RE Lo o Off 842 i SEPECTASL N mBO—E 5% Table 1 IT75
BT EE 2T, 3, 1RBoBET 138, VLT 13, 17, 15, 16,

AEERREI Y, Cix, BEDILRER 44, FHE
ICHEAE L CED b hdie, 1 0k 2 o kR kA

rﬂ "%T {Zﬁ'c'f /L~—3 ’Z:LVC; \:Qﬁ'\ﬁ%{$7& 6
fHRE Uics Fods, MRS =« — v 2V,
ixffﬁf. sl Fig. ViR Lic kB 0 ¢, 3 migtkd

10m BT CIEE 5 X 5ale L, &40
il 15 m & Ure, BB en B 6 o
fEER Y S m T ORMc A S e, 6o

0T (e oD L L 5 Y I T ‘iu 3,000 m? T

= \/}\:« 3 . i i

9.0m? T, # 1[] D LD L 0T Fig. 4. Appearance of the the species of fish

# 17Tm®, 2 Eo FRATH 20md T, 7 % congregated around or in the experimental
H HaA D w0

) ) reefs (2 months after setting).
B O MR E N R DS D —2720 Th - 1o o &

WERIOT2E6 A 120w v — Vit L 5 THT
- Too Fig. 3R IBICiE S i th o —fa ik

DHEFTH D,

I=N

4. REEBEFERURE
' TSRO, B, (54, mE
ko, P, #iE, EaRiconTiibh,
WKEOBM, Khh 25, @I, #ER
B oIk oo, WA ERER 2, 6,
9, 11, 12, 13, 15, 19/ B HiIc FFh 1 004
FTSMIEE L, MBS X 59040, R 6,
11, I5 A B 1 m3 2, #E:

Fig. 5. Appearance of the species of fish con-
gregated around or in the experimental reefs
Bux 15-AHD (15 months after setting).

4



RIPBEREAT AR TEE 123

Table 1. List of the species found around or in the experimental reefs at each observation
time. Circle means the species found. Parenthesized shows a scientific name.
Mark * is an English name, named newly by SHIINO'®.

1972 1973 1974
Species of fish Aug. Dec. Mar. May June July Sep. Jan.
Months after setting
2 6 9 11 12 13 15 19
1. Japanese parrot fish, ‘‘Ishidai” ~ ~
(Oplegnathus fasciatus) © ~ © ~ O O
2. Beard grunt*, ‘“‘Higedai” ~
(Hapalogenys nigripinnis) ~ O O o O
3. Yellow-spot grunt, ‘‘Koshyodai’ ~ ~ - ~ ~
(Plectorhynchus cictus) O ~ ~ ~ O ~ O
4, Barface cardinalfish®*, “‘Nenbutsudai’ ~ o
(Apogon semilineatus) ~ ‘
5. File fish, “Umazurahagi”’ ) N ~ ~
(Navodon modestus) O O O O © ~ o i
6. Goldstriped amberjack*, “‘Hiramasa’ ~ O
(Seriola aureovittata) ~
7. Moray eel, “Utsubo” p ~ ~
(Gymnothorazx kidako) O - ~
8. Groupers, ‘‘Hata-ka” ~ ~ ~ - - ~
(Epinephelinae spp.) ~ O ~ ~ C o ~
9. Horse mackerel, ‘Maaji”’ ~ -~ ~
(Trachurus japonicus) ~ O ( - o o
10. Scarbreast tuskfish*, “Ira’ O ~ o ~
(Choerodon azurio) ~ o ~
11. Lion fish, “Minokasago” -~ o A~ —~
(Pterois lunulata) ~ o ~ ~
12. Pennant coralfish, ‘Hatatatedai’ ~ ~
(ITeniochus acuminatus) ~ ~
13. Spotted parrot fish, “‘Ishigakidai’ ~ ~ ~
(Oplegnathus punctatus) ~ ~ ~
14. Bigeyes, ‘‘Kintokidai-ka™ N .
(Priacanthidae spp.) O o K-’ O
15. Goatfishes, “‘Himeji-ka"
(fMullidaZ ,spp.> ! O O ~ o O O
16. Trevally, “‘Kaiwari-zoku” ~ —~
(Caranx sp.) ~ ~ o O
17. Leather fish, “Kawahagi”’ ~ - ~
(Stephanolepis cirrhifer) ™ O o o O ~ O
18. Batfish, “Tubameuo’ < . N
(Platax pinnatus) C O O ~ O C
19. Stripey, “‘Kagokakidai’” —~ - ~ — - .
(Microcanthus strigatus) -/ O ~ ~ - C C
20. Painted sweetlips, ‘“‘Korodai” )
(Plectorhynchus pictus) O O o O
21. Yellow tail, “Buri’”’ o
(Seriola quinqueradiata) ©
22. Threeline grunt®, “Isaki”
(Parapristipoma trilineatum) o o O o O
23. Pinecone fish, ‘“Mastukasauo’ -
(Monocentris japonicus) C ~ ~ O
24, Silver bream, ‘“Hedai”

w
O

(Sparus sarba)




124 5 A&

H12% H35 (1974);

AL A

Table 1 (contmued)

Species of fish

Aug. Dec. 7Mar.

Observation time

1972 1973 1974

May June July Sep. Jan,

25. Rosy grubfish, “Toragisu’
(Cilias pulrhella)
26. Hawkfishes, ‘““Gonbei-ka”

(Cirrhitidae sp.)
27. Blackstriped snapper,
(Lutjanus vitta)
28. Offshore ponyfish, ‘‘Okihiiragi’’
(Leiognathus rivulatus)
29. Cornetfish, “Yagara-zoku’
(Fistularia sp.)
30. Olive flounder®, “Hirame”’
(Paralicthys olivaceus)
31. Striped catfish, “‘Gonzui
(Plotosus anguillaris)
32. Pipefishes, ““Youjiuo-ka”
(Syngnathidae sp.)
33. Purplish amberjack,

“Yokosujihuedai”

)

3

““Kanpachi”

Months after setting

6 9 11 12 13 15 19
,O,i [ S -
o O O
G o O
o

O
O O
O

O

(Seriola purpurascens) O ©
34. Chub mackerel, “Masaba’ ~
(Scomber japonicus) ~
35. Cuttlefish, “Kouika-ka™ ~
(Sepiidae sp.) O
Table 2. Results of the jigging tests.
Ddte Species Total weight Remarks
/3 9.24 Groupers 5.8kg Morning, by one fisherman
Threeline grunt, Chub mackerel, 5 . s :
9.30 Horse mackerel, Bigeyes 23.6 kg Evening, by four fishermen
10. 3 Threeline grunt, Bigeyes 11.0kg Morning, by one fisherman
- Threeline grunt, Chub mackerel, e b X
10. 5 Horse mackerel, Bigeyes 30.0 kg Morning, by one amateur
10.10 Goldstriped amberjack 10.0kg Unknown
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Fig. 6. Some records of the fish sounder used.
Upper: taken on December 21, 1972, middle:
takzn on May 19, 1973, lower: taken on Sep-
tember 29, 1973.

Fig. 9. Appearance of a lump of reefs from
which the upper part was tumbled down, pho-
toed on September 29, 1973.
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Appearance of an iron chain taken
from the bottom (15 months after setting).

Fig. 10.
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Fishery Oceanography of Bigeye Tuna—I

Depth of Capture by Tuna Longline Gear in the Eastern

Tropical Pacific Ocean

Eiji HANAMOTO

Abstract: The hook depths of tuna longline gear and the depths of capture of bigeye tuna
(Thunnus obesus) are discussed in this report. The hook depths were determined with a
depth meter and the depths of capture were derived from data on catches made on various
hooks on the longline gear. Five hooks are generally fished on each unit (basket) of longline
gear and these are serially numbered 1 through 5. The mainline, due to its weight, hangs
in a curve approaching a catenary, and the first and fifth hooks in each unit are the shal-
lowest, the third is the deepest. The data for this study were obtained from tuna longline
operations in the eastern tropical Pacific, and the results were as follows:

1. Hook depths varied among subareas in the eastern tropical Pacific Ocean. However,
with the exception of the subarea between lat. 3°N and 3°S, the depths of hook Nos. 1 and
5 ranged between 60 and 90 m, hook Nos. 2 and 4 between 90 and 140 m, and hook No. 3
between 100 and 160 m. In the subarea between Lat. 9°S and 13°S, the data indicated that
the mainline formed a catenary.

2. 1In the subarea between Lat. 3°N and 3°S, hook No. 1 ranged in depth between 60
and 90 m but hook Nos. 2,3, and 4 fished considerably shallower than in other areas. Hook
No. 3 ranged in depth from 60 to 90m and also between 100 and 150 m, and hook Nos. 2
and 4 ranged between 70 and 80 m, and also between 90 and 110 m. Furthermore, in 65 %
of the baskets on which a depth meter had been attached, it was found that the depths of
hook Nos. 2, 3, and 4 were comparable to the depths of hook Nos. 1 and 5.

3. The highest proportion of the bigeye tuna catch was made on hook No. 3. The
catches on hook No. 3 averaged around 30 % in all subareas. Furthermore, the catches made
on hook Nos. 2, 3, and 4 amounted to 80 % of the total. In the subarea between Lat. 3°N
and 3°S, Long. 130° and 90°W, hooks 2 and 3 took about the same proportion of the bigeyve
tuna, about 25 % each.

4. The shallow hook depths in the subarea between Lat. 3°N and 3°S were believed to
be due to the influence of the Equatorial Undercurrent.

5. Based on depth-meter readings and the proportion of catches made on various hooks,
it was estimated that the depth of capture of bigeye tuna was as follows:

Subarea 3°-9°N: 90~-140 m Subarea 3°N-3°S: 50-150 m
Subarea 3°-9°S: 110-160 m Subarea 9°-13°S:  120-160 m

* 197447 B 10 B2
2 R EE R BRI A

kg 2 ]| E K EE R BE 3 Kanagawa Prefectural
Fisheries Experimental Station, Misaki, Miura-
shi, Kanagawsz-ken, 238-02 Japan
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 should be cautioned here that these depths should not be confused with the swimming
layer of bigeye tuna since these values were based only on longline catch data.

6. Judging from data obtained from tuna longline, vertical tuna longline, and fish-finder

records, it seerns that the swimming layer of bigeye tuna is deeper than the depth of capture

indicated by the tuna longline records.
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Table 1.
Taisei Maru on cruises 13, 15, and 17-26.

W12k H3m

(1974); HULBERLEE

Construction details and calculated depths of hooks on the tuna longline gear used by

Length and No. used for one basket

Calculated depths of hooks

Cruise No. WﬁFrlo’at Mainw Branch Seki- Hook 1st or 2nd or 3rd
line line line yama wire 5th 4th T
13th, 15th 20m 50m X6 11m X5 8m X5 2.5m x5 87.8m 128.8m 149.5m
17th, 18th 24 50 X 6 11X%5 8X5 2.2%5 91.5 132.5 153.2
19th-23rd 24 50X6 12%5 8% 5 2.2X5 92.5 133.5 154.2
24th-26th 22.5 50X6 11.5%5 8X5 2.1X5 90.4 131.4 152.1
K=cot ¢o sinh™ tan ¢o 193OW 90wy .
sy . . "
LEOHBCEE AT A A m Db, K I , ‘1 .
ACEEEABERBRE O ET 5L Lth 6 6
DR MBI X D H T Rie 5 T % (Table T 1 il (_O
. N _ 6 6
1):\ '—AJJAJ H L < Z @E+/§:O:%\E}JI’S T A— K — S [H S
D—I T Bk 2 st DIFMERIL, KBEADELI, 9 9
e . S
21~23 ML DBATY 0.60 Th D (D, B v g 5
. W
19719, &1, sz —igic, 400 ok 10 130 %
Fig. 2. The subareas selected for examination
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of hook depths of tuna longline gear in the
eastern tropical Pacific Ocean.
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0m, KO 90~110m iz Hhbh, Mo g
L%, BhhicERRED 50% U Enl, 5
BEoHEBEUES I - T b 3°N~9°N (Sub-
area 1) BT 60~130m it h b, FDORE
53k Subarea Il BT BT FDE—F, F7
HH, 0~110m OESWCWEL T\ 5,

3) ARk HERIC X A AL 3 FEDOET BT
LEDBNAH, Tibbh, 3°N~3°S, 130°W~
90°W (Subarea II) 1o k13 % 3 F DO EMERE
% 60~150 m OFEPHICAFEL TH D, Zib DE
B 2, 4 FowEEk, —oo®—~ K 60~90
m, KO 110~150m wiBdbhh, ZOHREH
B0 o — FEEM L ERE 1<

AR &, BWOERMEEOLBEEIAZC, 38
~9°S (Subarea IID) ik 110~160m, 9°S~13°S
(Subarea IV) T 140~160m %R L, [R—uE
W2, AFOBIVESAS T b,

DX B, 3°N~3°S oI A 808

OEFNIRE L, Bic 2,3, 4 HFOWNEL R

3%%@ﬁ#m&%ﬂ% DD U, Ty
DE S OZEFFEENI NSV, Fig, 9°S~
13°S (Subarea IV) ¢ ii@]%&k*fﬁ ED2E
PWNEL, 2L 0BA, WilthbLBEMTRRA
ELCwb4DEEL bméc:m%@%wﬁm
B, VB, BB oo xh Table2 0 &
o) fol

I DNE L, 2, AFOEFDE~F, RO 1, 2. EERIRIES A

5 %@ HOBES SFRBRE L o T B, L SR BT A BRI R A A s Lie Table
, WU 3°N~3°S [Hizck\\wTd, 90°W PIER 3T niE, A "FoRERmES S ERT X

@(é}ljg (Subarea V) ¢ 100m DI ZES 5 H] TR

THD, WTROWERIZEWTE 3FD
TE L REL

DE Vs, 3P N~9°N (Subarea 1) i) 5 IR , FOELITH30~34% EL,
BT IRE WAL T0~140 m it te 578, Ebhn PF 2,4, 1, 5FDNHCE T LCW%, LT, 2,
TED £ <k 100~140m oE I h %, 3°S VL &4§®% L DG e T5~859% 7k
M CIIEBEAT AN - CES 2 5 ER 2 BT B, L L, 3°N~3°S, 130°W~90°W

9, 9°S~13°S (Subarea IV) @ 1 4] (5 60m) (Subarea 1) Tz 3FHFOWORIEE & 2N/ &<

Table 2. The measured depths of hooks on the tuna longline gear in five eastern tropical
Pacific subareas.

Serial number of branch lines

Subarea e — - e

lst or oth 2nd or 4th 3rd

3°N-9°N (1) 60 90m 90-110m 100-140m
8 3°N-3°S (1) 55-80 50-120 60-150

oW _a(°

1307W=90"W 3°8-9°s (1) 60-90 110-140 110-160
9°S- 13 S (V) 80 90 120 140 140 160
Edst of 90°W 3 l\ d S (\’ 00 90 60*130 70~ 140

Table 3.
in the various subareas of the eastern tropical Pacific.

The proportion of bigeye tuna catches on the various hooks of the tuna longline gear

Serial number of branLh line

Subarea o No. of fish No. of

1st 2nd Srd 4th 5th caught hooks
3 N 9° 1\4 (1) 14.1% 25.6% ‘79 3% 20.2% 10.8% 4,217 105, 451
otRr_gno 3°N-3°S (1) 16.4 24.6 25.8 20.9 12.4 5,786 112,570
1307 W=90"W 3°S-9°S (W) 11.2 29.0 34.4 20.0 5.3 1,704 38, 601
9°S-13°S(W) 10.7 25.3 33.8 23.6 6.5 475 32,153
East of 90°W 3°N-3°S (V) 12.0 26.2 31.9 22.5 7.3 1,349 36,431
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Table 4. The average catch rate (catch per 100 hooks) of bigeye tuna compared between sets
when hook No. 3 fished deeper and shallower than 100 m.

21st Cruise

22nd Cruise

Deeper than 100m Shallower than 100m -

'D;eei)er than 100m Shallower than 100m

Area 3°N-3°S 3°N-3°S 1°N-3°N 0°-3°N
82°W-86°W 82°W-86"W 98°W-100°W 98°-100°W

Date Dec. 8-Dec. Dec. 10, 1965~ June 9-June May 14-Aug.
28, 1966 Jan. 3, 1966 18, 1966 10, 1966

No. of hooks 12, 400 12, 355 8,050 27, 300

Catch in number 192 235 384

Catch rate (%) 1.55 0.43 2.92 1.41
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Deep-Sea Fans off the Shimokita Peninsula, Northeast Japan®

Takahiro SATO** and Misao SAKURAI**

Abstract: A group of the deep-sea fans, buried canyons and submarine canyons were
discovered on the deep-sea plain and the continental slope off the Shimokita Peninsula,

Northeast Japan.

The deep-sea fans are composed of acoustically opaque layers with fan-shaped distribu-
tion which might be transported through the submarine canyons and buried canyons. The

deep-sea fan deposits interfinger to the sediments consisting deep-sea plain.

There is no

unconformity indicating subaerial erosion in these sediments. It means that the submarine
canyons and buried canyons might be formed by subaqueous process of which the authors

prefered the erosion of turbidity current.

The formation of deep-sea fans may range from late Miocene to Recent in age. They
considered that these deep-sea fan deposits may be acoustical turbidites.

1. Intreduction

Since 1867, the Hydregraphic Department,
Maritime Safety Agency, Japan has carried out
the surveys of the ““Basic Map of the Sea”
Project for continental margin around Japanese
Islands. The synthetic sea bottom surveys
southward off Hokkaido and eastwards off
Northeast Honshu were done in 1972, as a
part of the project. The authors found such
interesting features as deep-sea plains, deep-
sea fans, submarine canyons and buried canyons
of which they researched the origins and the
ages of formations of these features. The
division of strata and shapes of sediments are
considered from the viewpoint of acoustical
records so that there is a problem concerning
to the correlation to the strata on land. How-
ever, they summarized the result of research
on acoustical records and suggested some ideas.
The authors are anticipating further studies
on the bottom sediments for the test of these
ideas.

Following previous works are known in this
area; IWABUCHI (1967), and SATO (1973) con-
cerning the general distribution of deep-sea

* Received July 20, 1974
This is a brief summary of report written in
Japanese and published on J. Geol. Soc. Japan.

** Hydrographic Department, Maritime Safety
Agency, Tsukiji, Chuo-ku, Tokyo, 104 Japan

plains, UTASHIRO and SATO (1968) on the sea
bottom survey eastward of the present area,
HONzZA et al. (1971) on the submarine geology
of Tsugaru Straits and its environs, MURAUCHI
et al. (1973) on the submarine geophysical
surveys around Hokkaido, and so on.

In the present survey, general direction of
tracks is E-W and the interval of tracks is 2
miles. Decca navigation system and Loran A
for positioning, precision echo sounder NS-39
for sounding, and continuous seismic profiler
of air-gun type are used on the surveying
vessel Shoyo of Hydrographic Department.

2. Description of submarine topegraphy and

geology

1. Topography

The continental shelf off the Sanriku District,
Northeast Japan is fairly broad but it becomes
narrow off the Shimokita Peninsula. The incli-
nation of the upper continental slopet is gentle
off the wide continental shelf area and steep
off the Shimokita Peninsula with narrow shelf
(Fig. D).

The foot of the upper continental slope is
deep-sea plain which is especially well developed
off Hachinohe to Cape Erimo. Southwest corner

T The upper continental slope in this area is
defined as a part between shelf edge and inner
rim of deep-sea plain.
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of the deep-sea plain inflates towards Lake
Ogawara and Hachinohe, where are developed
deep-sea fans, submarine canyons and buried
canyons.

2. Subdivision of strata

The sediments are acoustically divided into
{ollowing five formations; As, Bs, Cs, Ds and
Es.

The As Formation is some acoustically opaque
sediments with fairly distinct stratification. The
Bs Formation is acoustically transparent sedi-
ments influenced by gentle dislocation and de-
formation. The Cs Formation is the alterna-
— tion of acoustically opaque and transparent

Fig. 1. Deep-sea fans off the Shimokita Penin- layers with distinct stratification. The Ds For-
sula, mation is remarkable acoustically transparent
1. Submarine canyon, 2. Buried canyon, 3. sediments acompanying with some alternations.
Inner margin of decp-sea plain, 4. Distribu- The Es Formation is the lowest one which is

tion of deep-sea [ans (S1—S5), 41, 46, 49, 52,

opaque and sometimes transparent. Each forma-
G, H and J are track lines.

tion is disconformable to underposed formation;
namely it abuts or overlaps to lower formation,

R 4l

Fig. 2. Subbottom structures based on continuous seismic profiler.
As, Bs, Cs, Ds and Es are names of formations.

B1—Bb5 are buried canyons.

C5 is the Ogawara Canyon.

S1—S5 are members of the Shimokita-oki Group which are acoustically opaque layers con-
sisting dee-sea fans. Depth scale is two way travel time of sound in second.
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the stratification of which is parallel to the
boundary. This relation must be distinguished
as disconformity different from ordinary un-
conformity indicating land erosion. The dis-
conformities between Ds and Es, and Bs and
Cs are remarkable.

3. Shape and distribution

The Es Formation consisting the acoustical
basement of the continental shelf, is superposed
by the Ds Formation after a deformation (Fig. 2).
The Ds Formation is also folded and composes
The Cs Forma-
tion is ordinarily overlapping the Ds and thinn-
ing out at the middle of the upper continental
slope, except in the submarine canyons area
off the Lake Ogawara where the Cs reaches
the upper part of the upper continental slope.
The Cs and Ds Formations expose on the con-
tinental slope and hide beneath the deep-sea plain
where the As and Bs Formations superpose
and abut them. The Bs Formation reaches
the upper part of the upper continental slope,
but it abuts the Cs and is thinning out at the
inner rim of the deep-sea plain off Hachinohe.
The As Formation covers disconformably the
Bs, and is thick beneath deep-sea plain. The
drag folding structure after the deposition of
the Bs is observed at the foot of continental
slope off the Shimokita Peninsula.

the upper continental slope.

3. Deep-sea fans

1. The Shimokita-oki Group

There are more than five layers of acoustically
opaque sediments on the records of continuous
profiling at the foot of continental slope, each
They
show distinct reflection and the boundary to
superposed layers is disconformable, namely
The authors con-
sidered that these reverberant layers are the
sediments of deep-sea fans and named them
the ‘““Shimokita-oki Group’’.

The type localities of this Group are acous-
tical profiling records along E-W track from
41°17’N and 141°45’E to 41°18’N and 142°30’E,
and N-S track from 41°28'N and 142°03’E to
41°11'N and 142°03’E, where they appear on
the acoustical profiles about 0.4 sec in thickness
beneath sea bottom. The reverberant layers

of which has fan-shaped distribution.

abutting and overlapping.

were divided to following members in descending
order; Sl1, S2, S3, S4 and S5.

2. Distribution

Although the margins of members S1 to S5
are not necessarily distinct, the distribution of
every members shows fan-shape with its top
at west end or elliptical shape with E-W elon-
gation. They interfinger to the As and Bs
Formation (Fig. 3).

The S5 member is situated at the lowest part
of the Shimokita-oki Group and distributes at
the most westward. The isopleth of 0.1 sec*

Sz

S3

S4

NRNO

3

Fig. 3. The isobaths and isopack maps of deep-
sea fans.
1. Thickness<(0.05 sec, 2. 0.05 sec<thickness<{
0.10sec, 3. 0.10 sec<thickness<{0.15sec, 4.
Isobath is in second measured below sea level.

* The depth or thickness was shown as two way
travel time of sound in second. So, 1sec is
about 750 m in seawater.
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thickness at the center of S5 measures about
0. 15 sec.

The S4 member is distributed at about 8-9
km ESE-ward from the S5. The shape of the
S4 elongates ESE-WNW direction and the
thickness is about 0.1 sec at the center.

The S3 member occupies nearly the same
area to the S4. The shape of isopack map
elongates to E-W directicn and branches three
fans on eastward. The maximum thickness is
about 0.1 sec, the direction of which is NE-SW.

The S2 member is situated at nearly the
same area to the S3 and S4. It is narrower
and longer than that of the S3. The maximum
thickness measures about 0.1 sec, the isopack
map of which elongates to E-W and branches
three fans.

The outline of the S1 is obscure except
northern boundary. The thickness may be
about 0.1 sec at the center of distribution.

The shape of each member is composite fan;
Although it must be
considered that the present shape of these fans
might be deformed after their deposition, the
isobaths representing the surface of fans are
fairly concordant to the axes of fans and their
branches.

it branches towards east.

4. Submarine canyons

On the upper continental slope (Area I in
Fig. 4) between shelf edge and inner margin
of deep-sea plain, there are many small sub-
marine canyons which are parallel to each
other with 1-3km intervals in upper stream
2-4km in down stream parts. The axes of
canyons trend to NE-SW but they change to
N-S in the upper stream part. The transverse
profiles are V-shaped.

On the deep-sea plain (Area II) and deeper
stream part than the edge of deep-sea plain
(Area III), small canyons vanish except one
long canyon C5 which measures 110 km long
and is named Ogawara Submarine Canyon after
the Lake Ogawara siting westward of canyon
head.

On the western part of deep-sea plain, there
which  will be
The axis of the
Ogawara Canyon trends NE-SW direction.

are many buried canyons,
mentioned in next chapter.

10001 0 se:

20004——

100 km

Fig. 4. Longitudinal profiles of submarine

canyon.

1. Edge of the wall of the Ogawara Canyon
along southern side, 2. Bottom of the Oga-
wara Canyon, 3. Bottom of the C7 Canyon.
S2—S85; deep-sea fans composing the Shimo-
kita-oki Group. Numbers and letters show
positions of track lines.

According to the profile along track line No.
49, the sea floor west of the Canyon is con-
siderably deeper than east floor. On the
western part of deep sea plain where is dis-
tributed deep-sea fans of the Shimokita-oki
Group, the Ogawara Canyon changes direc-
tion to E-W (or ENE-WSW) and gradually
to WNW-ESE. Transverse profile shows also
V-shape.

On the deeper part than the edge of deep-
sea plain, the Canyon trends to NW-SE and
join to another canyon coming from north
where is vast deep-sea plain towards Tomako-
mai, Hokkaido. The transverse profile 1is
synclinal gentle depressicn and becomes gradu-
ally V-shape again in eastward.

Longitudinal profile of the Ogawara Canyon
is also divided into three areas before-men-
tioned. At the boundary points between Areas
I and II, and Areas II and III, there are fairly
distinct knick points where incision cf canyon
increase towards down stream side.

Considering subbottom geoclegical structure,
at the boundary between Areas I and II, the
surface of the Cs Formaticn becomes abruptly
deeper. At the boundary between Areas II
and III, there is an anticlinal high of the Cs
Formation. Namely the Area II where are
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buried canyons and deep-sea fans, is down-
warped depression of the Cs Formation.

In Fig. 4 the longitudinal profile of C7 Canyon
was shown for the comparison which is re-
presented smooth profile and shallower incising.

The average gradient of the sea floor meas-
ured along the southern side of the Canyon,
ranges as follows; 43’ between 300 m to 700 m
in depth, 103’ between 700m to 900 m, 50’
between 900 m to 1,100 m, 30’ between 1,100
m to 1,300 m, 44’ between 1,300 m to 1,500 m
and 55’ between 1,500 m to 1,700 m.

5. Buried canyons

There are buried canyons in the western
part of Area II. They incise the As and Bs
Formations in V-shape and are buried by
sediments therefore present sea floor is smooth.
They are persued as is shown in Fig. 1. These
canyons were named as Bl, B2, B3, B4 and
B5 Buried Canyons.

The B1 and B2 Canyons incise the Bs For-
mation, the shape of which rather wide and
obscure. They are disconformably fulfiled by
horizontal layers. They are not synclinal
depression but eroded canyons bhecause there
are no synclinal structures in underposed beds.

The B3 Canyon is V-shaped one incising the
Bs Formation. The superposed layers of the
B3 Canyon is incised by the C5 Canyon before-
mentioned. The B4 and B5 Canyons are
rather small ones incising the As Formation
and the upper part of the Bs Formaticn. The
shape is rather obscure. The upper stream
of them are along faults which are elongated
to the axes of the C5 and C8 Canyons. The
B3, B4 and B5 Canyons have leveed highs
along both sides of axes.

6. Considerations

1. Deep-sea fans

The Shimokita-oki Group is considered as
the deep-sea fans.

The first reason is that the topographic en-
vironment was adequate for the formation of
deep-sea fans.  The Shimokita-oki Group
develops cn the present deep-sea plain at the
foot of upper continental slope. In the past
time when *he Cs Formaticn had deposited,

there was a depression of the Cs Formation
at the foot of the slope where the Bs and As
Formations deposited and composed deep-sea
plain. The Shimokita-oki Group interfingers to
the Bs and As Formations; these sediments
are fillings up depression at the base of con-
tinental slope.

On land near this surveyed area, there has
been a sedimentary basin reducing its extent
towards east after the late Miocene. The
geological history deduced from the land
geology is similar to submarine geological se-
quence; the Bs and As Formations abut to
the Cs, and the Cs also abuts to the Ds For-
mation. The center of sedimentary basin has
been moving towards east.
this is an uplift in westward and downwarping
in eastward.

In other words,

Considering this geological history, the past
submarine topography during the deposition
of the Bs and As Formations, may be similar
to present day.

The second is the distributions of the Shimo-
kita-oki Group; each of the S1-S5 Formations
shows fan-shaped distribution with top at
nearly the same location, elongating to E-W
Although there
should be scme variations of direction caused
by crustal movements, the supply of sediments
may come [rom westward where are many

and branching to eastward.

buried or present submarine canyons.

The third is the presence of buried canyons
through which sediments consisting the Shimo-
kita-oki Group might be transported into deep-
sea plain. The Group is a subaqueous product
because the S1-S5 Formations interfinger to
the As and Bs Formations which are found
not only at deep-sea plain, but also at the
upper continental slope.
is no unconformity indicating subaerial erosion

Furthermore, there

in sequence of the As to Bs Formations.

The authors consider that the Shimokita-oki
Group is a series of deep-sea fans which were
subaqueously deposited.

2. Age of the Shimokita-oki Greup

In the Tsugaru Straits and its eastward
environs, SASA (1969a, 1969b, 1972), and HONZA
et al. (1971) described submarine geology based
on centinucus cseismic profiling records.  This
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Table 1. Correlation of acoustical formations.
Eastward of the
Western entrance Shimokita
. of the Tsugaru Peninsula
‘ Straits (SASA, ———
i 1969) Deep-sea Shimokita-
‘ i plain i‘oki Group
Recent S1
Pleistocene As Sz
e e D S3
F
Pliocene Set?nra' et Bs S4
o e Kuromatsunal F S5
——————s D
Yakumo F Cs
e e D
Miocene Kunnm F. Ds |
S R, )
|
i Yosh1oka F. i
1 e Es ‘
Fukuyama F. | i
—~: unconformity

~—D: disconformity

Straits is so well researched area for construc-
tion of submarine tunnel that the patterns of
c.s.p. records were correlated to land geology.
The authors correlated acoustical features of
the As to Es Formations in surveyed area to
the c.s.p. patterns in the Tsugaru Straits and
its environs (Table 1).

The Ds or Es was correlated to the Kunnui
Formation which is featureless transparent
The Cs or Ds was correlated to the
Yakumo Formation which is reverberant layer.
The Bs or Cs was correlated to the Kuroma-
tsunai Formation which is scarce of reflectors
except a few remarkable reflectors with regular
The Bs was correlated to the Setana
Formation which shows fairly well stratification
but some cross beddings or thinning out.

At the eastern entrance of the Tsugaru Straits,
both acoustical features in the areas HONZA et
al. (1971) surveyed and the authors surveyed
are correlated concering the depth, thickness
and facies of the Setana and Kuromatsunai
Formations respectively, but there is no direct
crossing over of track lines for regret.

The geological history in the Tsugaru Straits
area is summarized by HONZA et al. (1971);
early to middle Miocene, there appeared a sedi-
mentary basin accompanying with volcanisms,

layer.

intervals.

in which the Fukuyama, Yoshioka, Kunnui and
Yakumo Formations were deposited. After the
deposition of the Yakumo Formation, there
occurred a remarkable disturbance by which
the sedimentary basin converted to upheaval
area and the original skeleton of the Tsugaru
Straits area was formed. The zone from Cape
Esan to western part of the Shimokita Peninsula
was also uplifted. The Kuromatsunai Forma-
tion had deposited in the reduced basin after
this disturbance. The Setana Formation had
a similar deposition to the Kuromatsunai, but
the general subsidence became clearly.

The disturbance after the Yakumo Formtion
is correlated to the disconformity between the
Cs and Bs Formations. The reducing of sedi-
mentary basins and deposition of the Kuro-
matsunai and Setana Formations are very well
correlated to that of the Bs Formation.

Besides, in present survey a tuffaceous sand-
stenes including bivalvia were dredged at
40°17’8N and 141°55’6E with 117m in depth
where is the outcrop of the Ds Formation on
acoustical record. According to the communica-
tion from Dr. KoizuMml who kindly examined
diatom flora of this sample, it is correlated to
the Kadonosawa Formation which is middle
Miocene in age and is very probably corre-
lated to the Kunnui Formation.

From viewpoint above-mentioned, the authors
made correlation as shown in Table 1. Thus
the Shimokita-oki Group has been deposited
from latest Miocene to present.

3. Origin of the submarine canyons

The submarine canyons in this area may be
originated along faults but they have been
modified and maintained by subaquecus erosion
of sediments supply.

The axes of canyons are straight and parallel
each other. Especially, some part of the C5
Canyon is along faults where the sea floor
west side of canyon is deeper than that of east
side. Furthermore, they are lccated at the
syncline of sediments of the Bs-Ds, and are
along the boundary of basal block projecting

eastward of Lake Ogawara.

However, the canyons suggest the deepening
by erosion. As is described before, the longi-
tudinal profile of the C5 Canyon and the reliefl
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of subbottom surface of the Cs shown in Fig.
4 indicate the increase of incising at the down
stream side of knick points. Besides the pro-
file of the C5 Canyon shows gradual deepen-
ing without reverse gradient. These features
do not mean tectonic but erosional origin.

This erosion process was carried out along
sea floor. If these canyons were formed on
land, there should be relatively lowered sea
level to the depth of present deep-sea plain
after the deposition of the As Formation and
succeeding to present sea level after incising of
the C5 Canyon. Such great swinging of sea
level in brief time is impossible, moreover the
lowering of sea level should result unconformity
in vast area but we can’t recognize such un-
conformity. Furthermore, there are many buri-
ed canyons incising the Bs or As Formations,
so the changing of sea level should occur so
many times as the number of buried canyons.
It is impossible all the more. Namely, the
burid canyons should be also eroded and buri-
ed subaqueously. The cause of burying can-
vons will be explained in next chapter.

The authors consider that the canyons origi-
nated along faults, and they have been modifi-
ed by a subaqueous process. This process may
be turbidity current.

4. Origin of buried canyons

The buried canyons are very similar to present
canyons in the direction of axes, parallel distri-
bution and scale. They terminate on the deep-
sea plain where deep-sea fans appear. So it
is considered that the buried canyons were
past submarine canyons through which sedi-
ments were transported into deep-sea plain
forming fans.

However, there is a slight difference to pres-
The buried canyons incise clear-
ly the Bs Formation but obscurely the As
Formation. During the Bs stage, submarine
environment might be adequate to form canyons
at the present inner margin of deep-sea plain.

ent canyons.

But, as the result of some crustal movement
after the deposition of the Bs Formation, it
might become gradually inadequate during the
As stage so that the location of submarine
canyons shifted towards west, and they werc
buried by sediments of the As Formation.

7. History of geological development of the
Shimokita-oki Group

In beginning of latest Miocene, a tectonic
disturbance occurred forming a depression of
the Cs Formation, in which sediments were
transported through submarine canyons now
buried as the B1-B5 Canyons. The sediment
supply have varied its condition so that the
deep-sea fans S4 and S5 changed their distribu-
tions but general direction was not changed.

There might be some tectonic movement ef-
fecting sediment supply. The canyons were
buried and new submarine canyons still now
maintained were formed on the upper con-
tinental slope.

The sediments have been supplied through
these new canyons and formed the deep-sea
fans S3-S1. The buried B4 and B5 Canyons
incising the As Formation are obscure and
suggest the shifting of axes.

These processes are consnsidered as a typical
model of the sedimentation in deep-sea plain;
and suggest the origin of submarine canyon and
deep-sea plain. The authors considered that
the subaqueous process incising canyons and
forming canyons and forming deep-sea fans was
turbidity current. Shimokita-oki Group must
be acoustical turbidite fans. To certify this
idea, it is necesssary to take long core from
deep-sea fans but the authors dared to pro-
pose their idea.
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Further Study on Succession of Plankton Diatoms in Tokyo Bay

Abstract:

Ryuzo MARUMO, Akira SANO and Masaaki MURANO

In the present paper, succeeding to previous one (MARUMO and MURANO, 1973),

plankton diatoms in Tokyo Bay was further studied on the basis of surface samples collected
on 7 cruises of Ryofi Maru on course from Tokyo Port to the Uraga Channel during the
period from May 1971 to October 1972, and discussed on their succession referring to works
of ATKAWA (1936) and others.

Predominant diatom species in this period in Tokyo Bay were Cerataulina bergonii,
Chaetoceros debilis, Eucampia zoodiacus, Skeletonema costatum, Thalassiosira decipiens

S. costatum was particularly important in Tokyo Bay and the Uraga Channel, occupying
more than 94 % of total diatoms, but decreased to 7 % in the area south of this channel.
The main habitat of S. costatum, T. decipiens and Prorocentrum sp. was the northern part
of the bay, and that of C. debilis, E. zoodiacus and Exuviaella spp. was its southern

A species of coccolithophorids and Scenedesmus and Spirogyra, green algae, were collected.
Plankton communities in Tokyo Bay in 1927-1931 are remarkably different from those in
1971-1972 in the f{ollowing points; animals occupied the fairly large part of plankton
organisms, Trichodesmium, a blue-green alga and radiolarians appeared, and species

The seasonal variation of S. costatum showed the maximum in winter and the minimum
in summer in 1927-1929 and the maximum in summer and the minimum in winter in
1953, but recently this alga occurs abundantly throughout four seasons and the summer-

1.
and Nitzschia seriata.
2.
3.
part and the Uraga Channel.
4,
5.
number of diatoms was larger than in Sagami Bay.
6.
maximum tends to become indistinguishable.
7.

The cell number of S. costatum in the maximal period off Haneda was 50/m/{ in 1927-
1929, 5% 10°—10*/m/ in 1953 and 5X10*/ml in 1972.

i
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1947 FEMERT HE, TR EERORN, BEE
DEPADRET D, FRCHAERITEBN D SR HE
KTHECE Lo ERE LI,

AW CLE, HFUSOREEHOLY, [8T
ZERASEREERNOTEMAFIA LT HEEL
TeRMKDEREN S OFE (FHT, 19712 FHD,
19729) @ 5%, 197145 F~1972F10 075
V7 bV ORI OWTENS, RIT, TORER
%, 19274 (AIKAWA, 19369 (25s), 19534E Y40
CEER, 1957 130y L HE& L, g8 CUX, A%,
1973)D Bl e s, HEBOREESFV /I MY
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Fig. 1. Sampling stations.

A,B,C and D: by Rysfa Maru in May
1971—October 1972

Sts. 1-7: by Tansei Maru in January 1974

BEDO BRI OWT, HEEELHALD.

2. BHE&LFE

62 ADKMAAK (500 ml) 2%, HEHk Bl
KBEHT T, BIEAD 7§ (19714 5 298,
103 2H, 11 181, 1972451 H 131, 4 19
H, 6 H2H, 104 4 H) THEEXS vz (Fig. 1),
BRI 7 » v <) v CEERES R,

Bk & B LR (RET, 197009 0 X o, CTHLE -

S, B, AEMEEE, v x 28 (Tin-
tinnoinea) Co\WC, BDOAEFE & A DK
fThhic,

BRI D A R BRI L, ThEFhos T
V7R VERER O E T AR (Fig. 1),

WA BOEEI 35°387-35°30°'N
WX DB HEBER 35°30/-35°18.5'N
WX C  EEKE 35°18.5'-35°08'N
WXD HHEAERA 35°08'-35°02’'N

VERAVEPIEE 2R L, B AT E,

CUAEAK & BEARK L OBMBCH), D
ERERTHD. AEBEX A, B,C,D, th
Zh 18,18, 18,8 Th 5,

3. & 3

TEER L MERENMEL L, FvF AN Ch
DIIRNTE D Tee DERORRRCIL, FBIEE
#, HA%E (Coccolithophoridae) o 17, e
D Scenedesmus, Spirogyra NFEB i,

IONNE= S

(a) k@ g (Table 1)

HEEORE M, WX A, B, C, D Trhth
18, 21, 24, 38 Th h, HEUEAHIFEHHRKLD
Dise HIK, KB (973D ofEFT LT,
WA DEEY, 1966~1968 48 28 i, 1972~1973
F23RET, WIFRAMHEAE L D Dish T,

AREOFFEDOHIFEDO L0 & DL IXDO@ED T
H%H (OHNLEHRE),

Actinoptychus undulatus
Cerataulina bergonii
OChaetoceros debilis
C. didymus
Coscinosira oestrupii
Ditylum brightwellii
D. sol
OFEucampia cornuta
E. zoodiacus
Rhizosolenia fragilissima

OR. setigera

OSkeletonema costatum

OThalassiosira decipiens

OT. sp.

ONitzschia seriata

b OHERL 1966~ 1968 4E, 1972~1973 £
DB ERE—BT B,

Ditylum sol, Eucampia cornuta J; 0% Chaetoceros

Coscinosira oestrupii,

danicus, C. compressus, C. distans, C. radicans
EEIENCE R b 7,

R OO BRI, JEHEREN
FRTHERDED Thbo

(28)
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Table 1. Mean cell number and appearance frequency of Bacillariophyceae
in the surface water of Tokyo Bay (May 1971-Oct. 1972).

Area A B C D
Latitude (N) 35°38/-35°30" 35°307-35°18.5' 35°185'-35°08" 35°08’-35°02/
No. of samples 18 18 18 8
Cell number and AF*  cells/ml AF (%) cells/ml AF (%) cells/ml AF (%) cells/ml AF (%)

Actinoptychus undulatus 0.8 28 + 33 + 22 - -
Bacteriastrum comosum - 0 — 0 — 0 0.1 13
B. hyalinum - 0 - 0 — 0 0.3 13
Cerataulina bergonii 2.2 11 7.7 39 5.0 11 3.3 25
Chaetoceros danicus + 11 + 17 + 11 — 0
C. denticulatus — 0 - 0 - 0 0.1 13
C. seychellarum - 0 - 0 - 0 + 13
C. affinis - 0 - 0 - 0 1.5 25
C. brevis — 0 - 0 - 0 0.6 13
C. compressus - 0 1.3 6 + 11 2.8 25
C. curvisetus - 0 - 0 - 0 8.5 25
C. debilis 9.6 33 107.6 44 25.4 33 0.6 25
C. decipiens - 0 - 0 1.1 11 0.6 38
C. didymus + 11 0.7 22 + 11 0.1 13
C. distans - 0 0.7 6 - 0 — 0
C. laevis — 0 - 0 — 0 1.3 25
C. lorenzianus - 0 - 0 - 0 1.5 25
C. messanensis - 0 - 0 — 0 1.0 50
C. radicans — 0 1.8 17 - 0 - 0
C. socialis — 0 0.6 6 - 0 - 0
Coscinodiscus gigas - 0 0.2 11 0.8 11 - 0
Coscinosira oestrupii 0.2 17 0.2 22 3.1 17 - 0
Detonula confervacea — 0 — 0 - 0 5.0 25
Ditylum brightwellii + 6 -+ 6 0.1 17 + 13
D. sol 0.2 28 0.3 39 + 17 + 13
Eucampia cornuta 0.8 6 0.7 11 + 6 12.0 50
E. zoodiacus 1.0 33 3.6 50 2.5 44 2.1 50
Guinardia flaccida - 0 — 0 — 0 + 13
Hemiaulus hauckii - 0 — 0 - 0 + 13
Lauderia borealis - 0 — 0 0.4 6 4.5 50
Leptocylindrus danicus - 0 - 0 - 0 0.5 38
Rhizosolenia alata — 0 - 0 — 0 + 25
R. fragilissima 1.3 17 0.3 17 0.6 17 + 25
R. imb. v. shrubsolei — 0 — 0 - 0 + 25
R. setigera 2.8 17 5.4 17 1.5 17 0.1 38
R. stolterfothii - 0 - 0 — 0 8.1 38
Skeletonema costatum 23222.6 100 2884.6 100 932.8 89 4.4 25
Streptotheca thamesis + 6 - 0 - 0 — 0
Thalassiosira decipiens 42.8 56 21.9 72 6.6 56 0.6 25
T. rotula - 0 - 0 0.2 6 — 0
T. subtilis — 0 - 0 — 0 0.6 13
T. sp. (small) 41.9 17 2.7 33 3.4 33 - 0
Asterionella japonica - 0 - 0 - 0 0.3 13
Navicula sp. — 0 — 0 5.7 11 - 0
Nitzschia closterium — 0 - 0 =+ 11 0
N. delicatissima — 0 - 0 — 0 + 13
N. seriata 1.1 17 9.8 39 6.7 28 0.5 13
Rhabdonema adriaticum - 0 - 0 - 0 + 13
Thalassionema nitzschioides + 11 - 0 + 6 0.1 25
Thalassiothriz longissima - 0 — 0 - 0 - 25
*. appearance frequency (%) to total samples, -: present (less than 0.1 cell/ml), —: absent

29



148

R i A \ B C D'
\‘ 1616 13 )
( 7 ’18 13 L,\iﬁﬂﬁiﬁ
¢ s i\\ 14 J
D |z 3216\
~—————
C EREH
A, B, C opijcit, XEM»Z< (16~18f,
Wk L ihE o), JEH ﬁ.}ﬁw\m\ (7~8
), —F, chb3%XED Lofficiy, s

R 13~14 (ERE L RERD “Cao%;ﬁ*, El i)
LIS (16~32 5, KENER), o

THEICAERTAEEDIREAETNTH, HEK
B LER, HRBL S Db, e h %<

DRSO EAERE T b /Ao s, —7, 5

5 & H12% H/3E (1974); HILEHEYLE

(b)) EEBEMmEE (Table 1, 2)

D EANR (I m Lm 1%, VKA (23,300)
PEbARE<, B (3,000), C (1,000) t+ A X b
1H/NE LS, D (60) 18I L HT/N & v, Skele-
tonema costatum H» A 9% VI F, B 959, C
9% &, RRBLHBEKETCERY S D %08,
D“C‘ MENT T 9% T Eiv, 2D EMD,

””7J<J_ﬁﬁ Tl WA K D8 h& <

BT ENDD

S. costatum TR\ TCEEEEMINRELE, YK A,

ER

B, C,D ©#&~« 100, 170, 60, 60 ¢, #ER*HEU

TREL G, S, costatum & HINCTIUE, Lk
X A CU% Thalassiosira decipiens, Chaetoceros
debilis Thb, B & C X< THb, FE2
Dz iz, Nitzschia seriata, Cerataulina 567‘-

gonii, Eucampia zoodiacus H»"EETHbH, D e

REEACaCRALTO IRV, TFHCERT 5 S D1k, Eucampia cornuta,
Table 2. Summarized result of mean cell number of Bacillariophyceae in the surface
water of Tokyo Bay based on Table 1 (May 1971-Oct. 1972).
Area ) A ) B -~ C D
Latitude (N) 35°38/-35°307 35°307-35°18.5' 35918.5"-35°08’ 35°08"-35°02/
Cell number" and ”/ cells/ml % cells/ml % cells/ml % cells/ml %
Total BaclllarlophyLEde 23327 100 3050 100 996 100 61 100
Skeletonema costatum 23223 99.55 2884 94.56 933 93.68 4 6.56
Thalassiosira .85 0.36 25 0.82 10 1.00 1 1.64.
Chaetoceros 10 0.04 113 3.71 27 2.71 19 31.15
Others 9 0.04 28 0.92 26 2.61 37 60. 66
Table 3. Mean cell number and appearance frequency of armoured Dinophyceae
in the surface water of Tokyo Bay (May 1971-Oct. 1972).
Area A B C D
Latitude (N) 35°38/-35°30/ 35°30/-35°18.5’ 35°18.5"-35°08’ 30 08/ 35°02/
No. of samples 18 18 18 8
Cell number and AF* cells/m{ AF (%) cells/ml AF (%) ells/ml AF (%) cells/m/ AF (%)
Ceratium furca — 0 — 0 — 0 + 25
C. Susus - 0 -+ 6 + 6 + 13
C. kofoidii - 0 — 0 + 6 — 0
C. tripos — 0 — 0 — 0 + 13
Dinophysis ovum 2.6 22 1.0 28 0.5 17 0.3 13
Ezuviaella spp.** 949.9 44 915.9 78 3900.7 67 742.1 63
Noctiluca scintillans — 0 0.1 11 -+ 6 - 0
Peridinium spp. 1.7 22 2.4 39 8.2 44 0.3 63
Prorocentrum sp. 105.6 17 27.7 56 8.2 50 0.3 13
®, ok

: ‘appearance frequency (%) to total samples

—+: present (less than 0.1 cell/ml), - —: absent

: many E. apora and few E. ovum and E. marina

305
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Table 4. Occurrence of Tintinnoinea species in the surface water
of Tokyo Bay (May 1971-Oct. 1972).
Area A B C D
" Latitude (N) 35°38/'-35°30)  35°30/-35°18.5'  35°18.5'-35°08'  35°08'-35°02
No. of samples 18 18 18 8
Acanthostomella sp. - - - T
Amphorella quadrilineata - — - —
Codonellopsis morchella 1+ H + —
Dadayiella ganymedes — - -
Favella ehrenbergii — — _
F. taraikaensis +H + + "
Helicostomella longa + - H -
Steenstrupiella steenstrupii — — — +
Stenosemella nivalis + H + —
Tintinnopsis beroidea HF H + 4
7. karajacensis . _ B
v. rotundata 7
T. tocantinensis + - — —
1. tubulosa + -+ HE +
T. spp. - H 4 _
Tintinnus lusus-undae - — — +
-+: rare, H: common, HF: abundant, —: absent
SHEieh,

Fig. 2
Ezuviaella collected in Tokyo Bay.

Chaetoceros

Favella taraikaensis containing

curvisetus, Rhizosolenia

stolter-

fothii, Detonula confervacea, Lauderia borealis

HHEL,

D

YRR GE, WEKE &

BEL

2) HHRiEEEE (Table 3)

AR o Y, Exuviaella spp. DI
Liass b k<, HBEE L EL, XA,
B,C,D ¢#nFh 950/ml, 920, 3,900, 740 C,
WX DTN E 0

Prorocentrum Sp riER A 106/mi, B 28,
C8, DO0.3 7, #WBIZ L\, Dinophysis ovum
13, A 3/ml, B1, C0.5, D03 TH%H, Peridi-
nium spp. H D. ovum EREFEEHIIL 2,

3) vz A¥ (Table 4)

HUERFE T AR A LT T FEin <, 8~11
Thbo LoL, KA, B, CORfCixt@iEs
L, Dz o BT 2500 5D 5.
Rl P’i?L(}%’C?beOZWiJ\5L=, HORPS &H
PR K OWEN F LRI D 2 LR LT
Whe

Wi o X L, Codonellopsis morchella,
Favella taraikaensis, Tininnopsis beroidea, T.
tubulosa Th b,

5 vz AROMIEEE, BEICLANS LB
Tisus, T. beroidea % 4~16/ml (A), 1~6
(B), T. tubulosa \x. 6~28/ml (A), 6~20(B),

(31)
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5 # F12% HE3IF (1974); BILMEFE

of Tokyo Bay.
A: Skeletonema costatum,
D: Chaetoceros debilis,

(325

b

L FL

i

3

g
|

B: Thalassiosira decipiens,
E: Exuviaella spp.,

TP M oA M ) J A SO
1971 1872

o
.

b .

| \J |

Wyl oA S DN D F oM o By ) a8
371 1872

Distribution of dominant species (cells/mi) of phytoplankton in the surface water

C: Prorocentrum sp.,
F: Eucampia zoodiacus
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1~6 (C) THbv, oo L 0.1~1/ml £
BEThb, 1927 ~1929 4 EHY, BHEETDOFV
F R ARIEFHLBEBCCEHY T T v 2 PV ORT
WNIehEETH Y, LI, 4~5 ]kl
MRS RSt (ATKAWA, 1936)%,

ok, FvFxAEomTL, Exuviaella sp.
AL TV AR S Rbhie (Fig. 2),

4 BEEEOEFE/L

(a) Skeletonema costatum (Fig. 3 A)

ARARE DRSO SMIET, MEEEAT
<, 59136 BB AR, MEDAGH 18 U 16,
HEKER T 8 Rt 2 w BB L7 (Table 1),

WEEIES TR, £2dnd LThiad A0~
5x103/ml), Ewrivs (5X103~105) 735, T
s LA L9TLAEE p b 1972 5 b » T 880
5 (102~103/mi—>5Xx103~10), =D X 5IZA
BOFMHEOBILT L LB KR TR,
WEAKENS FOBEH TN T, 105/ml 7250
TR L, HEREKDOEENGRITE E - TS
REEDN D 56

(b) Thalassiosira decipiens (Fig. 3 B)

AREIEEED /)T S. costatum IR\~ CTHE
FENE\, 1971410 H ~19724F 4 Hiz iR L,
SRS RIECH 5, FRE 197248 10 A9
o 400/ml Th b,

(c) Prorocentrum sp. (Fig. 3C)

BREONEE T. decipiens U TFE D, 19714F
128 ~197248 6 HicBih, FomRk EAi 1972
6 7, 1,530/mD BRI hH D, HEKERY
TERb N » T2,

(d) Chaetoceros debilis (Fig. 3D)

1971 4 6 R e RgFES Ao e (Bok, 1,100/
mD, Fiz, 1972 1~6 HcbBHh, FONmH
L (XK, 197246 A, 170/mD) B8 H
Do

(e) Ezxuviaella spp. (Fig. 3E)

AFEL S. costatum WIRNT, HEEENE -,
B EOHEKETE <, B 197145 Biza i
Wbl - TRECHE L (R, #HEKE,
29,000/m), ARI1974ES5 A d, FHEAKE,
EHEEERCKHEE L CLX, KR E), S

costatum, T. decipiens, Prorocentrum sp. (LN
BERRC, FellbfcomTsoel, A
L C. debilis IEFEETRICTLN D5,

&) Eucampia zoodiacus (Fig. 3 F)

L9724 1~6 H, &MICIE < 59 LF=2%, 150
PO HBEKECHT TOREN 5 e (BR, 1972
F£6H, 32/mD,

(&) € DMEFINC PN B U FEB TR D
BY Thb, Cerataulina bergonii (1972 41,4,
6 H), Actynoptychus undulatus (1972 2 4 F),
Rhizosolenia fiagilissima (1971 ££5 B), Dity-
lum brightwellii (19724 1 A ), Nitzschia clos-
terium (19714E 4, 6 B), Rhizosolenia setigera
(1971 411 A), Chaetoceros didymus (1972 4E
1 ), Ditylum sol (19714E 11 A, 19724F1 H),

(h) EEMMEEE O 1A, 1971410 Him kK&
CHERL, ik bRty s L. %
# (1.3x10°/mD) LHBEKE TR Z <, EILE
M RIKE, KERMATE IS Diah oo, &
o Scenedesmus (19714210 B, 1972/FE 4 B)
& Spirogyra (19724E 4 J]) HRGHELCITRD
i Scenedesmus 13 197148 H, 10 kK
DEBDH B LBbn HEILHERC HFH Lz &
NIEINTOWLUERED,1972)7, HEEN 1972
6 g 1.8X10° #ifla/mé IRE L7,

4., BEWEEICHITEFHEUTEFEHREHC Skele-

tonema costatum—DEEICEAT IER

ATE, AEF (9739 1k, BRI O R
iz o\, 19294 (A%, 1932%; KURASHIGE,
1932)% ) 1947 45 (BEZR, 1952)1 2 e, JTAEL
HEORD, FHEROMANE LW EaEHL
Foo 1l (197D 4 % 7o 20 FERHTIC e, FRER
W07 5 v 7 b v HEREN R L Z L2
Utee & 2T, AR L LT, AIKAWA
(1936)9, FIEE (1955)12, ElF (1957)%, Hix
MAER (1958)18, I, (hEE (19669, 19689,
196919), EHED (1967)1, BAEL (1972)7, it
B (1973)®, 7k, HB 973DV mre s L,
S. costatum L E LTCHRE OEEEMEDE
Bl OWTEERIT)

(33)
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D FsvzsrvisE

AIKAWA(1936)Vic X % &, 1927 ~19294E11%,
WEEFESO 5 v 7 b v ik &1 £< (120,000
fifk/ 58, By (35,000 ffEik/ W), =
D3b, EHMTIV s Y (ECHE) 5D
AL, £ 89%, E36% ¢, ExELVEY
e\ wz2b, ChooBRECHEH LS Y D
OfE% 22.5cem (JEFEERES v b)), HfHEEY
Iom 9% & REDHENELNDL, ZDX)
W, 12T SRRSO EEHERIIRICKES,
ZEOW I BT bbb,

Brhal,

N e IR
@%uﬁwﬂsm%cum)\ 2 3|

#

I

t 201 | 59

G, WS TcEYy > 7 v 7 b v (B ED)E
R Fo el ki, 77 v 7 v OiglE
CET T v s VIR X DR L OB, ST
W2 LMkic L <HBH LT D, FRo LN
TERERNER I T o EAEkL, 6o T
FRBTE LR, RESFE L WIREE D
B = g

Wiy, Ho ré;}« Bk, REUBICEEE (Tricho-
5) Llim R L. coo
L, /ﬁiﬁi’l, AT bl T BB R A KN TR
ALTWIoZ EREHKRL, BETRIEE 2 DN
T WBETHh B,

LR, HEREAER, MEHE LR En s ke
2, BIECHL T L BM TR, L LARRS
WD 3 B o & o, BES OB BT MR
AR XD s o oY, TTE TR S T DI,

W, FHik, Bacteriastrum varians, Cosci-

desmium T

nodiscus sp., Nitzschia seriata, Rhizosolenia ©
B (GERB O CTEESS DL R. setigera
D&Y I ENAH LT ZhiexiL, K&
KENIEE £, ROMD Th - (O5kE,
AHTERD

O Asterionella japonica

/O Biddulphia sinensis

Chaetoceros spp.

A Corethron pelagicum
Coscinodiscus spp.
ADactyliosolen tenuis

Ditylum brightwellii
D. sol
Eucampia zoodiacus
Nitzschia seriata

Rhizosolenia alata

AR. robusta
AR. styliformis
R. Spp.

OSkeletonema costatum
Thalassiosira subtilis
OThalassiothrix frauenfeldii
OThalassionema nitzschioides
HIFDBBEOFR T, HETLRNICE VLD
S. costatum DHTH Y, FIBREIEFCERLL
T\~ 5% Thalassiosira decipiens 7c EVLELEH I T
Wgls CAIKAWA, 19369; &7, 1932%; KURA-
SHIGE, 19329) 2 L b & 2 T, MR DFEEREN
BELIERIE R, b D Th -0k Jﬁ* n
bHo T, HEENZCHEL, ﬁﬂ(ﬂﬂﬁ T
KAEREENTRHAL O EDV 5, HIC
Chaetoceros spp., Rhizosolenia spp. Dz dy,
LOMOAFRENE TN T & HEE X B,
AIKAWA (1936)% DFRL# U lUS MERL, #l
ATFEVED Gossreliella tropica, Planktoniella sol,
Streptotheca indica © 3 FEHEITE, BDOELh
LT, MEEHEREE TR THRELTED,
LEEDWIED T F v 7 b VEEEN AL DK EfRD T
ISR LTI b iES,
2)  Skeletonema costatum
S. costatum 1%, 1927~1929 SE DR FEPEER D
FE T, R ERL, &%7//7%/@%&
D 85~90% H DT nTehy, HZTHETETL Tv
7o CAIKAWA, 1936)%, AFEoD 1 {I:]q‘z!: A=A
vw?%%%&wﬁfé& LM77 b
VL I/ THDHDT, D S. costatum L
5HilE/ml g, REROX v F OMEEBIC
LHBEAEEELTC, »hic 50Mz/ml &5 %
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Fig. 4. Scasonal variation of Skeletonema

costatum (cells/ml) off Haneda in Tokyo Bay.

&, Fig. da @y FmMEI BL N5,
ZOWT D 16 A FE 1963 ~1954 &z, K
HEES 100m #C, B L - TEbhic®k
wo S costatum DOEEHEE, Fig. 4b iR
WD Thon CER, 19579, F7ebb, 43 2~3

Arera < Hales, grbizd ey, 6~8 1

CEA (BX103~10/md) 2L, FnrbZFm
P THRDT B
DD S, costatum ORIOIRE (FEENL,

195501 1w & % &, 1954 ~1955 Ay AL BB @ 15

153

~40 P E OFEHFEGHEAL T, 9 o KBSE L,
BERMARZ L, LLHRED L, 12~1
RACH®RL8ENLeh, 3~5 BMoEd L,
THIREEA BB U 5 1o

i, 1956~1957 48, KRzt oifdE GUREEK
RS, 1958)1 ¢k, RED S. costatum L E
A& Lic 6~9 Hio&<, Rudiel, Hic
2~3 Rk e< HE Lich - 7= (Table 5),

Fig. 3A »b, 1971~1972 4, PJH (35°30'N
~35°35'N) @ 5km W& T S. costatum DEE
DEHEAZRD S &, Fig. 4dc ©rd X5,
FEm/ N (5x10%fiife/mD, Ewkk (5x10*
fa/md »Eibh b,

EKC;‘EED:%H% S. costatum OIEIENE A h
LELTERID T, ﬁ(@:o@#ﬁ%ﬁ%
LEIH D ERE (19677 o A BT 5L,
1952 ~1966 I H i 7 B s Shc 19 o - S.
costatum FREID 5B, 12 o8 5~8 HD 4R
CHIE LTS, 7, 196640 7, 8,9 A, T
O, EA, NI CERD, 19670, R
1967, 19684E> 7,8, 9 i, &, HEE, 1iG
(I, {2RE, 19681, 196919 ) o jff i 8 I Z 5Tk L
Tk, S. costatum ONEEL (Iml ) 127 Tk
L& <, 38R, LRIT 741 1~10 84, 10
~102 8§, 10°~10% 10 41, 103~10* 3 #il, 10*~10°%
261 CH 572,

WHBZBT A S. costatum DZEFFI{LICET

Table 5. Appearance frequency (%) of Skeletonema costatum in the surface water off
Omori in Tokyo Bay (Tokyo Metropolitan Fisheries Research Station, 1958).

Month - Individuals/m! )  No. of
<10 10-10° 102-10° 10%-10* 10%-10° samples

May 86 4 4 7 0 28

June 32 18 14 36 0 22

July 0 22 6 33 38 18

1956 Aug. 4 9 13 70 4 23

Sept. 7 20 47 27 0 15

Oct. 56 38 5 0 0 19

Nov. 36 28 28 8 0 25

Dec. 86 14 0 0 0 21

Jan. 79 21 0 0 0 19

1957 Feb. 100 0 0 0 0 12

Mar. 100 0 0 0 0 13

Apr. 67 27 7 0 0 15
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LY LOREMEAND, TOBBIROLSCE L
DHZENHED, S. costatum DOEEFEH O
Bk, 1927 it 50/ml L IEEC DI b 5 e,
1963 4R 5x108~10%/ml, 1972 4Fi3 5x10%/ml
ERECHIN L T &z, $72, 1983 FILFDH
BADTIe D o 7o)y, G FFEHE LTV B, 1930
FEIHCRES I AARREHOEEEDH—4
B% 125 #l CAIKAWA, 1936)%, S. costatum (4=
T 8D WH B D LA B RIEE I TR,
Ff, WRBED S. costatum OFRHEIE 1952 i
72 TR LD THRE S NI CER, £#, 1966)1%,
AEPEFEEEORNOSEHETHL b a &
ZIVE, DX I AEOBGFRE O INIHERES
HOHFROLMEAZREL, HFBONIEE
ZORENFEFE L AZCHETLT L EHRT D
DTH%,

INAAR, 8K (1940)' o 1931 ~1933 4E D #r
kb E, S costatum I HARBELSHCIIER
B ~FROBEICIEMET %, Lo Lienh, HF,
HEE T, o7k 5 n—gcs, Zioh
mtAEEERT LS00, ZoBThbin W Ee

2\, Flzid, BES A972)P wrb s, K
WED S. costatum OHEFEZAEKE L TL5 L,
1971 4£ 8 At/ e, 197145 H, 10 B, 1972
FE2ANKE W, Fi, Fig. 3A itk T, S.
costatum VY ¥5 FEER (35°20'N~35°30'N) ¢ii,

5 & H12% H3T (1974); B{EEFS

==t
e

1971 L b b, 1972 FZ2 803 B @A RS
oo dEHEA973)®3, 1952~19704F, A AR
FBIZFE U S, costatum DFRE O HIREE A A
Blvc s L, 1952~1956 4EtEik 7, 8 AoEZ K
FrBEL VLR, BEFEE—FERhEoEHT L
EhbXiCinfes LML b, HED
KIS HAD i 2 DEEP R DL 5 . DA,
A (1940 &, AEILHEE, REETHD
7o, REELOMOFHIZEXEL, WhTts
B, Wi AEETC CHLINFET AT RO H B
ZEHRIEHE LT B,

3) WFEEKOEETRERE
ATKAWA (1936)2 1z X % &, 1929~1932 £ %
ik (g E R, 75V 2 F Y ORBIIE
TN TSV, HEAGE TR EULK 5
FEKERT, HENEETLLEDCRE DL
W5 LA LETETLL, B %m‘%ﬂ:)’[ﬂ‘tﬁé&
R C/NE L, HEKE CHRERCEDT5 2
Table 2, Fig. 3 X WAL N TH S,

—fBc, WRUSICHAT BHEKE, THERZ
DAY, EARMRINES Y AE ., TRET2
ZERELNRT WA, CORNDEE STV 7 b
VRS ST S T3 (YAMAZI, 1955%;
FHEH, [EHE, 196720), HEEALL, Ui LIE=EM

B Oy BTN, FEEEEERAYIEK
a% e B (AIKAWA, 1963)Y, EFIT R

Table 6. Cell number of Bacillariophyceae in the 1-liter surface seawater collected
at stations south of Miura Peninsula on January 11, 1974 (KT-74-1). (Refer to Fig. 1)
Station 1 2 3 4 5 7
Lat. (N) 35°07.5" 35°06.8 35°06.0" 35°04. 5' 35°03.0/
Location — 3 A
Long. (E) 139 40 2' 139°40.07 139°40.0 139°40.0' 139 40.077
Total Bacillariophyceae 27104 2784 4240 92 110
Chaetoceros debilis 2960 968 632 0 0
C. didymus 2240 40 72 0 0
C. radicans 480 72 224 0 0
Coscinodiscus excentricus 288 8 0 0 0
Eucampia zoodiacus 2240 472 808 0 0
Rhizosolenia setigera 3040 224 424 0 10
Skeletonema costatum 2480 0 168 0 0
Thalassiosira decipiens 2064 16 208 0 0
T. sp. (small) 11232 832 1416 0 64
Others 80 152 288 92 36
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Fig. 5. Percentage distribution of Skeletonema costatum (left) and Chaetoceros (right)
to total phytoplankton in December 1931. (after AIKAWA, 1936)
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dicus, Rhizosolenia setigera, Skeletonema cost”
atum, Thalassiosira decipiens) P HiL, =il
RS - T Z O W CEHURISE T DA #id T
MM RienTn 5 &R Lice. —J, &0
G0 2 MTREOREL 2<EDLNILD 5T,
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D Th, REEHEEA < Rbiiah -7,

ATRAWA (1936)0 12X % &, HEmEK, HHE
KoL, FRFERS. costatum & Chaetoceros
WX TREND, ME (1973)% & PO EEE:
BEEOWR D, Skeletonema Wi®s & Chaetoceros
WHEIZ T DR D & ERRU TP, HTEEER
XD SR E 2:%;){’7)7}%5 1931 4% DTy
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VAR 7o N D A B LRSI A L, A
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HYNENCIERABADHBH Z L HEH LT
5o

5, &= 4

HISR AR, A8, 19730 wil &k, 19714
5 B ~1972 410 B HEE bl B AGE I
T, [ETERIC X5 7TEOHHE CEHES R
KEFSFV 7 FVROWTHRN, FIT AIKAWA
(1936)% iz a B L, HEBREOEBRIOWT
BEEMA T

D AE, SRS B L e HEE,
debilis,

costatum,

Cerataulina  bergonii, Chaetoceros

Eucampia zoodiacus, Skeletonema
Thalassiosira decipiens, Nitzschia seriata Tk
- To

2) S. costatum Y, WEIRE LN
FHTCEBL,
Al lesd, HHE
~ 1o
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Vs IR, C. debilis, E. zoodiacus, Ezxu-
CRVSRIE B IR K B T FI

TIKIE T3
SEETRIEeTEED 94% Dbk
YKERH T T % i Eah

viaella spp.
A Utco

4 MEEO 1R L EED Scenedesmus, Spiro-
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5 1927 Y4 oREREOTST v 7 b VEE
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Response of Fish to Fish-Figures

I. Learning Experiment for Goldfish on Discrimination

of the Direction of Fish-Figures

Makoto INOUE

Abstract:

It is an interesting problem from viewpoints of fish psychology and ethology to

test whether or not fishes are able to discriminate between the directions of fish-figures, that
is, the difference of two figures facing right and left toward the swimming way of the fish.

Through learning experiments, this problem was observed, using two apparatuses designed
by the author, on goldfish Carassius auratus, and it was found that the fish was able to
discriminate the difference of the direction of two fish-figures after about twenty trials, and
also was able to discriminate a conditioning figure from three similar figures as shown in

Fig. 5.

1. #
ANBIERGIC E D X 5 s ISR T E N
B, AOLEZEL LG SRARE S o

il

FHETH LN, TEFONEND b EKD HFR
BThb, FEEEO—HlEbFs L, AOHENR

R RERETT LB, FoFhoBir—RiLn
B2, HEbECERELULEARCET SO, B
NEVED SRR HEHE CHLORBILE D S
HHThAH 5, LOBEEDTEHHMOM AR
Wk BHoAE RN KETHEANRE
Wi BN, Fi, BREZENDLIZRAD
R ¥ BT 5 s O RURAS Wi B BB R
T ARG D, EHOIRD B\ ILHEDREE T
PEORSEBERTHREETHIRE LY & 5 T
WBINE S DT 8RBT RRICESI TAH 2
T& 5,

* 1974 4E7 B 30 HEZH

OETUKEE RY ERE EX#EE 457 Tokyo
University of Fisheries, Konan, Minato-ku,
Tokyo, 108 Japan
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BEC, EEoMBEC OWTELEL LR AT
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HHEICER T ERE LIRO L5 THD, F—F Y
HHEABO e HCERAE LT T 77T EA
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~H:, FHRRICEC A7 ) v EDHIHL, O
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M EgE T % LB RS o, 202 &h
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Cyprinus carpio & ¥ v ¥ z Carassius auratus
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Fig. 1. Apparatus A and presentation figures
Fi and Fo..

Fig. 2. Apparatm B and presentatlon ﬁgures
Fi/ and F2'.
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Fig. 3. A door and the position of alleys
marking with A-D in apparatus B.
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Fig. 4. An alley inserted an obstractive plate

1~

(o) and a figure plate (f) in apparatus B.
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Fig. 5. Four presentation figures Fi/, Fs, F4

and F; used in apparatus B.
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Fig. 6. Learning curve of goldfish for the
conditioning figure Fi in apparatus A.

Note: Ordinate shows the time required to reach
expected goal by a test fish. E means the
trial occurring an error or errors.

Table 1. Record of Experiment 2 on goldfish
showing the {ormation of a learning towards

F’y in apparatus B.
. c Position of Time required
Date Time of ﬁgs',"?,?n?y to reach the Error

trail S

F/ Ty expected goal
May AM A D 25 min 4
10 PM A C 20 4
11 AM B D 15 4
PM D B 15 3
12 AM A D 25 4
PM B C 3 3
13 AM A D 10 3
PM C D 3 2
14 AM C A 1 2
PM D A 20 sec 1
15 AM B A 16 1
PM A C 10 2
16 AM C D 3 0
PM D A 10 1
17 AM A B 5 0
PM D B 10 1
18 AM C A 3 0
PM A C 3 0
19 AM D A 3 0
PM B C 3 0

Note: Fish-figures Fi and Fy’, and thec position of

(425

respectively.

four alleys are shown in Fig. 2 and Fig. 3,



of the trials made during May 27th to 3lst.
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Table 2. Record of Experiment 3 on goldfish showing the formation of a learning
towards Fi’ in apparatus B with obstructive plates in the alleys.
. - Time required Figs. and Alley
Date Tltmslof to reach the sections e - o N
ra expected goal of alley A B Cc D
Figs. Fy Fy’
1 6 5 3 5
AM 40 sec I 1 2 1 0
May _ _ _ [l 0 1 0 0o
25 Figs. F’ F/
1 4 6 5 5
PM 30 I 1 2 3 2
It 0 1 1 1
Figs. Fz/ F
I 10 8 6 8
AM 30 I 2 2 1 3
26 . L o - n o1 1 1
Figs. Fy FyY
1 5 4 6 5
PM 25 I 1 2 3 1
i 0 1 1 0
Figs. F’ F
1 7 5 6 6
AM 25 i 2 2 1 1
27 - [/ 1 1 1
Figs. F/ B
1 3 3 4 3
PM 20 I 2 1 1 2
il 1 0 0 1
Figs. 7 F/
] 2 2 1 1
AM 55 I 1 1 1 1
June - m 1 0 0 1
1 Figs. Fy’ F/
i 1 1 1 2
PM 30 il 0 0 1 1
it 0 0 1 1
Figs. F/ F’
1 0 1 1 I
AM 20 I 0 1 1 0
2 [ 0 1 0 8
Figs F;;/ Fl,
1 0 1 1 0
PM 10 il 0 1 1 0
i 0 1 0 0
Figs Fy' F/
1 ( 0 0 1
AM 10 I 0 0 0 1
3 R0 0 0 1
Figs Fl, Fz’
1 1 0 0 0
PM 6 I 1 0 0 0
] 1 0 0 0
Note: Figures in sections I-III show the number of entering of fish in one trial. Omitted the records
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Table 3.

Record of Experiment 4 on goldfish, which obtained the learning towards F\’ in

the previous Experiment 3, showing the formation of a learning for the discrimination

of Fy/ from three modified figures Fs, Fs and Fs.

. Time required Figs. and Alley
Date Tltr?izlpf to reach the sections I —
: expected goal of alley A B C D
Flgs F4 Fs FS Fl/
I 8 6 3 5
AM 8 min 1 0 0 1 2
June B S 0 0 0 1
9 Figs. F// Fs Fi Fs
I 5 5 5 6
PM 17 I 1 0 1 1
. - I 1 0 1 0
Figs. Fs F/ Fs Fy
I 5 5 5 8
AM 7 I 1 2 3 2
10 I 0 1 (U S
Figs. F4 Fs FU Fs
1 12 8 6 8
PM 12 1 2 2 1 3
I - I 0 1 1 1
) Figs. Fs F; F/ Fs
I 1 2 3 0
AM 2 I 0 0 3 0
Lo [} 0 o 1 0
Figs. Fs F/ Fa F;
1 1 1 0 1
PM 2 I 1 1 0 1
N - 1| 1 1 0 0
“FiSs. T F  F. T F, Fs
1 3 2 0 1
AM 1 I 2 0 0 0
6 o o 1 o 0 0.
Figs F; Fs Fs Fy/
1 2 2 0 1
PM 1 I 1 1 0 1
i 0 0 0 1
Figs. F; Fy Fs F\l
I 1 1 1 1
AM 30 sec ] 1 1 1 1
17 o - o 1 R R
Figs. Fi/ Fs Fa Fs
1 1 1 1 1
PM 30 I 1 0 0 0
il 1 0 0 0
Figs. Fs = F4 Ty
I 0 1 0 0
AM 10 I 0 1 0 0
i8 - I 0o T 0 0
Figs. Fu Fs F/ Fs
I 0 0 1 1
PM 6 I 0 0 1 0
T 0 0 1 0

Note:
to 14th.

Four fish-figures are shown in Fig. 5.

C44)

Omitted the records of the trials made during June 10th
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