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Effects of the Thermocline on Generating the Aggregated

Patterns of Plankton

Akihiko KUWAHARA

Abstract

To clarify the correlations between plankton distributions and environmental conditions in
a small inlet, the author analyzed the data obtained from Maizuru Bay during a period from 1970
to 1975. The results are summiarized as follows.

1) The author designed and prepared two systems of plankton samplers: one is a pump-type
sampler capable of a continuous collection over a given space and time, and the other is ten small
conical closing nets connected in series at one meter intervals along a vertical rope.

Some calibrations for the water volume filtered and the time lag in the pump-type sampler
and for the contamination in a small closing net were examined. Results of these calibrations suggest
that the two systems of samplers are both suitable to detailed survey of plankton distribution in a
small inlet.

2) Plankton collections on a straight course at the surface were carried out with the pump-type
sampler in Maizuru Bay on the 13th of November 1970. The cell counts of Ceratium furca was less
abundant in the relatively isothermal and isohaline water, compared with that in the boundary
water between two different homogeneous waters on the straight course.

Sizes of plankton patches on the straight course were estimated with three basic methods
used for the expressions of plankton patchiness. Ceratium furca showed a large-scale patchiness and
also a small-scale patchiness superimposed on the large-scale one, while Ceratium iripos showed a
small-scale patchiness only. Itis possible to distinguish the small-scale patchiness from the large-scale
one by using the moving average and I; methods. Therefore, the moving average and 1; methods
are more useful in the study of spatial pattern of plankton patchiness.

3) A continuous horizontal sampling was done on a straight course at the surface, along with
the vertical sampling on a micro-scale in Maizuru Bay on the 19th of January 1971, in order to in-
vestigate the relation between horizontal and vertical plankton distribution on the straight course,
and plankton aggregation caused by the physical factors of shallow-water environments.

In the horizontal distribution of Favella taraikaensis, it was found that the individual counts of
this species had no significant correlation either with the temperature or chlorinity in situ. There
was, however, a correlation between the individual counts and the differences of temperature or
chlorinity between two successive sampling points. In the vertical distribution, this species was
more abundant around the steep thermocline or the steep halocline. When the vertical profiles
of temperature and chlorinity did not show any steep gradient, this species was most abundant near
the surface.

4) Plankton samples were collected with a series of ten small closing nets in Maizuru Bay on
the 8th of August 1972 and from April to June, 1974, in order to study the vertical profiles of some
plankton species, species diversity of plankton assemblage and their relations to temperature and
salinity profiles in a vertical section.

Oikopleura dioica showed a relatively small-scale patchiness in the surface mixed layer above
the thermocline. Ceratium furca and Pelecypod veliger were more abundant around and within
the thermocline, and there was a significant positive rank-correlation between the cells density of
the two species and temperature gradients. The cell counts of Ceratium fusus in the deeper layer
below the thermocline was about ten times greater than in the shallow water. Penilia avirostris showed
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a relatively small-scale patchiness beneath the thermocline. Helicostomella longa was distributed

without any significant relation to the thermocline.

Species diversity of plankton assemblage was more than 3 bits and was relatively high around
the thermocline from April to May when the dominant species belonged to Bacillariophyceae, while
after June when the dominant species belonged to Dinophyceae the species diversity decreased,
especially around the thermocline.

5) Diurnal migrations of some plankton species were observed in Maizuru Bay on the 8th and
9th of September 1972 and on the 17th and 18th of June 1975 in order to investigate the effects of
the thermocline on the diurnal migrations.

Acartia clausi showed a clear diurnal migration, her upward migration in the night time was
interrupted by the thermocline, and this species showed an aggregated distribution beneath the
thermocline in the night time. From the diurnal migration pattern of Acartia clausi, this species
is assumed to swim actively up to the surface just after the sunset, then to stay in the surface layer
for some ecological purposes such as feeding during a few hours, and to sink gradually without active
movement before the sunrise.  Ceratium fusus was abundant in the deeper layer below the thermocline.
Ceratium jfurca was abundant around the thermocline.

6) Vertical distribution patterns of plankton species related to the thermocline are divided
into five groups.

(1) Plankton species abundant in the surface mixed layer above the thermocline (Oikopleura divica
and Coscinodiscus sp., etc.)

(2) Plankton species abundant around and within the thermocline (Ceratium furca and Favella tara-
ikaensis, elc.) .

(3) Plankton species found mainly beneath the thermocline (Penilia avirostris and Acartia clausi (in
the night time) )

(4) Plankton species abundant in the deeper layer below the thermocline (Ceratium fusus and Gastropod
veliger, etc.)

(5) Plankton species distributed without any significant relation to the thermocline (Helicostomella
longa and Tintinnopsis beroidea, etc.)

In the case of Oikopleura divica, the convection cells as induced by wind, thermal effects or internal
waves, in the surface mixed layer and positive phototaxis of this species seem to be important factors
in generating an aggregated distribution of this species. In the case of Coscinodiscus sp., the aggregated
distribution seems to be dependent on the mechanism in which phytoplankton has large increment in
the surface mixed layer above the thermocline, while they are staying in the layer due to a hydro-
graphic condition with neither vertical mixing nor convective current through the thermocline.
The aggregated distribution of Acartia clausi is attributed to the thermocline which acts as a barrier for
the upward migration of this species in the night time. There is always a significant relationship
between cell counts of Ceratium furca and the temperature gradient, and this species shows the ag-
gregated distribution at the steep temperature gradient. In the case of Penilia avirostris, it is assumed
that this species aggregated beneath the thermocline, owing to the non-uniform distribution of eco-
logical factors such as some food which might concentrate beneath the thermocline.

7) Based on the results found in this study, effects of the thermocline on generating the aggre-
gated patterns of plankton are divided into four typical categories as follows.

(1) Convection cells as generated by wind, thermal effects or internal waves in the surface mixed
layer above the thermocline aggregates some plankton species at the horizontal convergence
(hydrographic effect).

(2) The thermocline acts as a barrier for the upward migration of some plankton species, so that
the species aggregates around the thermocline (barrier effect).

(3) In a hydrographic condition of damped vertical mixing and weak convective current through
the thermocline, some phytoplankton population increases rapidly in the surface mixed layer
while most of the cells are maintained in the layer, so that the plankton shows an aggregated
distribution (reproductive effect).

(4) Owing to the non-uniform distribution of ecological factors such as some food which concentrates
beneath the thermocline, some plankton species aggregates there (indirect effect).
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Fig. 1. (a) Photograph of the pump-sampler set up on a stand. (b) Schematic construction

of the pump-sampler.

S, suction hose (2 inches in diameter); D, drainpipe; P,

pump; M, simple flow meter; F, filter cup; B, and B;, ball valves; H, handle for
opening and closing; St, additional pipe (0.5 inches in dia meter); Bs, valve for Sb.
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Table 1. Result of experiments for cleaning filter cup clogged with plankton.
Experiment Spray B Ceratium furca B Total zogpianki?i i

number number Cell nl(llx)I;EC{it;:‘Z)lShed out (%) (per liter) %)
1 14230 95.8 1236 99.6
2 397 2.7 0 0
I 3 132 0.8 1 .1
4 84 0.6 2 0.2
5 17 0.1 1 1

(14860) (1240)
1 12115 97.0 930 97.8
2 324 2.5 20 2.1
i 3 22 0.2 0 0
4 19 0.2 1 0.1
5 16 0.2 0 0

(12496) 951)
1 13420 95.8 985 95.8
2 352 2.5 31 3.0
m 3 211 1.5 6 0.6
4 13 0.1 2 0.2
5 11 0.1 4 0.4

(14002) (1028)
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Fig. 2,

Time (sec)

Response curve for the step input of the plankton sampling system. The ordinate is

the relative concentration of rhodamine B solution at the injection side (rectangles)

and the discharge side (curves); the abscissa is time elapsed after the starting of

injection of the solution.

—@—, Run-1; ---O---, Run-J.
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Fig. 3. Response of the plankton sampling

system for the impluse input, obtained
by differentiating the response curve
for the step input in Fig, 2 with
respect to time. The abscissa is time
scale shifted by the time lag (T) 7.0

seconds. ——@——, effect of Run-|
injection; - -~~~ - -, effect of Run-]
injection.
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it F#EF » beBWT, REKEUAD S5 v r
b v HNBA T A B O\ Tk, Grice and Hulseman
(1968) BFELLEBR LT\ B, HODELH R E LD
&, FREKBEUSND ST v o v vz, P NECRAT
HEBIARE 20T bNB, 1, FHEEF . b
GREETRCEEEOKRE CHESLSINLDT, 0
THBEHRC Xy FOALLITERELAD S Z v 7 b vt
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Thhi,

BHDOERTIE, FDOSBLWDREIDSFVv I by
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Loz, Fy Pk, AREHELCEEION FRE CF
Th, TCEMENSIZET B, BEIRT, S5V
7 b VAREIRE R, TORBRTCREIRLST VI b
1Y, REXNS50y LIT D Dictyocha 7o & D e 7
Sy 7 bR Thote, = DFEIY, Ceratium furca
fekoXsrekEZnl0u ERZFS v b vkt
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Flg. 4. Schematic experimental procedures to
determine the amount of comtamination.
In experiment ] ; nets with the mouths
still facing upward were lowered to one
meter depth, the mouth of net A was
immediately closed, and both nets were
hauled back to the boat. In experiment
I; nets were lowered to ten meters
depth, the mouth of net A’ was imme
diately closed and the mouth of net B’
was closed after hauling through one
meter water column from ten to nine
meters depth, and both nets were brought
back to the boat.

52 DEBRTIY, EREREX » FAREKEE TH
HENDBEE, Ry FOOLBLEDSHBVLWDTIF V2 b
VERF » FRITHCBATAESRMB DK, TEO L
575 v b vEENThRI, EROFIRYR 41
Rlice BWIC, 290%y PALBENF, bR
FABE L A ImEETHESENR, vy A
OAaRTTFBE IR BT, 220%» MM BT
¥ LFbht, Thbb, Ry FATREEDOSS v
rVEENTIR bR, &y P BTREENfThhCE

Table 2. Cell counts of Ceratium furca and contamination rate for each operation.

nets were lowered to one meter depth.
depth. See Fig. 4.
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st bR B & FFbhick—~2ALBEIE, F
—FIETHEIRT, 5 v 2 FvBEIRE R, KIC
20DF » PA LB ENXRy boRER EEGICLAE
FI0mEFETHEALIR, Fy FA B AR T CREER
h, WeB|& EFbhic, —F, F» FBi, BEH
BULAZE, KEOm»AL9m ¥ THE EFLRT S
Svy b vREEIhER, DPEESHh, b5
& EFbhi, 2D 20T T v 7 b v OFREN
3[E b LTiThh, &t 20K 18 5 h
o BT T v o b VvEENS, 4%tk <) VEKEK
TEEIhcH, EREBECTHREIh,
CDERTHREXhET S v 7+ viRBE A8 5ER
Ceratium furca Thb, £KAEFD Ceratium furca o
MBERRE 2R LI, K2 X BE, FIEDO KB ¥
TS SR, <%y o nAEESh T ke
FlE bFbhicky FALA' REBWTE, PED Ce
ratium furca DEREINTED, Ty FPFFEDOKEE
THEALHZhAHC LA Itolcky b O B, 7
v 7 b VBEBAL T, Grice and Hulsemam
(1968) 13, F v FOBEBAKLIE EFEOKEET
BnHT8A1E, B ST v 2 b vORANS L ERE
LTW5, Lil, SEOERICIWT, 248 — X8
WEDEH TS vy b vORARA BRI o, X5
w, PEKBEUADTT v 2+ vORAEYR, v FA
F UL A TEE IR Ceratium furca OMMAEE & o
FBEAIXB CHREXRDDEDHTELTE, R’
AR TRCOBRK, 5BHUTEDNIEE T
7 (F2) Fh, Fy FALA LEBTD Ceratium
Surca DEFEEZHELUCAS L, KEIOm FTHEAL
7oty VA DFBRDLEL BT W5, BRLER
Aot

In experiment I,
In experiment 1I, nets were lowered to ten meters

. . Counts of C. furca Counts of C. furca Contamination
E};P:frﬁg;int ?f:ﬁ;aggn taken with net A or A’ taken with net B or B’ rate
(per haul) (per haul) (%)
1 36 785 4.6
1 2 22 (net A) 572 (net B) 3.8
3 40 1019 3.9
1 46 - 936 4.9
I 2 32 (net A) 752 (net B') 4.3
3 41 1235 3.3

«‘v



S5 vy b v OB

P EofER»S, - oBESEAFSHEF » P 2 KRI0mE]
BORBBC B VTHVAHEGRIL, F v O TR
Xy FOALLBATHFS V2 P VORYEHTES
ZEBbhrote, ¥, SEOEBRKE BT, Xy ME
HWOFTHhOBREN LA LT, o B-I3% Yidiks-
hDE#EL LD, LL, R HabhbX5
7S5 vr b vORBEBS, FAEETIESIE, Bl
ImMOPHEEETH-ThBTF W EE BTREMELRD
HDT, WHETIOEERPERy PEHAVS & E
i, 75 v vERBRELEBOX , MBROFERLD
BS% ) 0BT F = » 7T HBERD S,

T;2E EHHEI-ALDTS I OB H
AR

WOFNSLELRLEFT v 7 b v ORENE, FEHC
Wy L, BEALDBERT, 5vALAGHETIRELS, Tr
LABRFAME LTWABZ A48 b T 5 (Barnes
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and Tungata, 1963 &),
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P

Fig. 5. Map of Maizuru Bay and position of
a straight-line course (O——@). The
experiment was carried out on the
13th of November 1970, Open and
solid circles indicate starting point
and ending point of the experiment,
respectively,
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Fig. 6. Fluctuation in temperature and salinity on a straight-line course (Fig. 3) in
Maizuru Bay on the 13th of November 1970,
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Fig. 8. Fluctuation in cell counts of Ceratium furca and Ceratium tripes on a straight-line
course (Fig. 5) in Maizuru Bay on the 13th of November 1970.
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Fig. 9. Fluctuation in individual counts of Copepod and Copepod nauplii on a straight-line
course (Fig. 5) in Maizuru Bay on the 13th of November 1970,
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Table 3. Means X and standard deviations S of the numbers of four plankton groups in each zone.

Ceratium

Ceratium

furca tripos Copepod Nauplius

X 2015.0 75.5 23.5 13.8
Zone 1

S 568. 5 26.2 13.7 9.7

X 3727.7 136.9 34.6 22,7
Zone II

S 1197.4 39.5 12,8 11.4
Zone TIT X 1924, 4 152.8 45,1 13.0

S 626. 3 37.8 17.6 5.9

X 327. 147.1 47, 4,
Zome TV X 4327.5 7 5 24.8

S 1907.0 38.4 15.7 13.5

ik Uize Ceratium furca OREHTIL, £#RECBT5
MR OFEHEC EN L LR, KE—1, VoEdk
o T\ic, HRMBZ &2, Ceratium furca OFAREE
OEFHZB L (K8), MK OFHMEN INE X
—1, MIToZEBIEL, MREEOFHMEIAE VWEH—
I, V&EBUTMEL %o\, Ceratium tripos O
BEI, AEROBARZLRAREM—I kBT,
M OESEIMOXBE 0L 0 &L HEL T/hEL -
T, 23R - 2EOBERI, RH— kit sE
B OEHESBORMO b 0 L LTI T
Wiz, Ceratium tripos DFHZEPD b igzElL /e b
olte HE— KD nauplii. DBERIT,
Surca LRI, KEE—1, Ve sHEEHOFSE
i, BKE—1, MoboEHEELTKRKEIno Tl
b) TSI MDY F
Wiebe (1972) OFBEEA LT T v 7 b vd2y &
DRE IR 22Dy FOMMEEHEET 5 7od OFFT
PRI R LT, Sy FOREEE, P57 vD
SHEER L O RERBEL DHSORIA LR D bR
oo Eio, 2008, FROMEE, I EEEN R
EX W NI RFHORINORD ORI, © D X 3k
LTRDBN e FO K E X OFGHEIL, Ceratium
Surca T 101 m, Ceratium tripos T106m TH D,
R—FETIL68m & Ceratium FHE HBL T/NEL L
Tz, 20Dy FOMEIL, Ceratium furca T 121
m, Ceratium tripos T70m ThHD,
LZbhi: (E4), Thik, Ceratium furca ©-%y FT
Ceratium tripos DL D E L T, A¥XBERLT
BHHA, HRGMLTWDHT ERRLTV S, Ll
Db, Wb 2EMOEM 2 — A WD M EE D
BB &, Ceratium furca @ %y F0 H B HFHEN

Ceratium
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2 FEORI E 2
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|
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FIg. 10. Example of Wiebe’s (1972) method for

estimation of patch size and interval
between two patches. The plots of cell
counts against distance are used to
estimate patch size interval between
two patches, The median cell count
is indicated by a broken line.

Ceratium tripos DZN L D SEGLIET V2 oy, &
DX ST L DR E BCHIB L L RN E L
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fl—1, Mozth& BbRTEL LD L5 BB X
THRZEMA Yy — A TORE & AXBRC R T 5 hx s
LA — LV COEBO 2 BHEOEENAH b I 5 B,
Ceratium tripos DB HITKE T BRIAy — L T OF
BB Tl wZ BT bR B,

Ceratium furca W Hhbih 20 DE otz Ay —i
TOEBYES oK, REBETEEEY VT 2#E
D Ceratium T 2ONT2y FOREZIFRN2 DDA, +
OREROBH%1T -t BEIEHELHEMA L <y #0

Ceratium
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Table 4. Patch size and interval between two patches.

Ceratium furca Ceratium tripos

Wiebe’s method

Patch size (m) 101 106
Interval between two patches (m) 121 70
Moving average method
Patch size (m)
Small scale 51 54
Large scale 270 —
Interval between two patches (m)
Small scale 56 55
Large scale 460 —

AR IR Lo Ceratium furca O¥EITIE, 7
JRBEER Yy — A TODAy FD KEXR51Im, 2920
2y FOFRIL 56m T, KERZERyr — L TDASy
FOREXL0m, 2203, FOMEIT460m TH

wte (B4 ), i, Ceratium tripos DHPEIL, NE

ZE Ay =N TCD Sy FOKE L 54m, 200D
w FOMBILSSm Chotedd, KELZME R & —n
TDA2y FIXRD ORI o, T, Ceratium
Surca (I KESy FOFR, XTHI/PXILAr—1D
Ry FERETD LV SENRAKESAHEEY S - T
h, Ceratium tripos (Z/NIIR A — N D%y FOREH
THKFEGFEEL S > T D LR E i,

Interval between

two paiches Potch size

Cell Counts
- [
§ § 8

G 300 600 900 1200
Distance (m)

FIg. 11. Example of moving average method for
estimation of patch size and interval
between two patches. The plots of cell
counts against distance are used to
estimate patch size and interval be-
tween two patches. The median cell
count is indicated by a broken line.

Ceratium furca, Ceratium tripos Ty 1% Favella taraikaensis
D 3T OVTL, LERACTERGRE Sy FOKX
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FTHEENL, 19714 1 AOEBE B8k X » T
BonkdorFEHLE (BRBRONEM I K E R
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4 AT A ERE RN T, L — KB 1 JfE
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RES T e b, 2y FHOSHI—FETHDZ &8
oty T, LiS/L(2S) —XEw 1 XHEomA
fEAY, KEW S AH120m - 480 m DOFTTA b, Th
DBty FOREIIH120mE 240m TH B LHEER
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Fig. 12. Plots of I; and I;(s)/I;(2s) against
quadrat size for Ceratium furca.
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Fig. 13. Plots of I; and I;(s)/I;(2s) against
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Fig. 14. Plots of I, and I,(s)/1;(2s) against
quadrat size for Favella taratkaensis.
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Fig. 15. Map of Maizuru Bay and position of
a straight-line course (O——@). The
experiment was carried out on the
19th of January 1971. Open and solid
circles indicate starting point and
ending point of the experiment, re-
spectively.
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Fig. 16. Fluctuation in temperature and chlorinity on a straight-line course (Fig. 15) in ~

Maizuru Bay on the 19th of January 1971,
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Fig. 17. Flunctuation in individual counts of Favella taraikaensis on a straighi-line course
(Figo 15) in Maizuru Bay on the 19th of January 1971.
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Fig. 18, Mean individual counts of Favella

taraikaensis per liter (solid circles)
and range of standard deviation
(vertical lines) against temperature
and chlorinity at which Favella tarai-
kaensis was collected. Data shown in
Figs. 16 and 17 were used.
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Mean individual counts of Favella
taraikaensis per liter (solid circles)
and range of standard deviation
(vertical lines) against the tempera-
ture differences between two succes-
sive sampling locations. The ordinate

. is individual counts of Favella tarai-
kaensis. Data shown in Figs. 16 and
17 were used. 4T, backward diffe-
rence; 4T, forward difference; 4Ts,
central difference.
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Fig. 20. Mean individual counts of Favella

taraikaensis per liter (solid circles)
and range of standard deviation
(vertical lines) againsit he chlorinity
differences between two successive
sampling locations. The ordinate is
individual counts of Favella taraikaensis.
Data shown in Figs. 16 and 17 were
used. 4Cly, backward difference; 4Cl,
forward difference; A4Cls, central
difference.

oo
bR G, Favella taraikaensis o Bk L BE -
i1, KEOKEESH IR +0.2C HE, EXRBEOKFE
D H0.04% L ED & B F < To Tk, ZDT &
i1, KBERCEZRENHISIC I NTE,SGEC ERELT
W5 & XIEAGEBETHEMLCWEH, HeEnS
ENERLTCWS & S MERREERIHEML Tl
ERRIGL TR Y, FEEKERCEREDHEKE
SHHIERFTH D 2 EERRLTB, ZOERHER,
KBILBEE L THIETHENOE~BEHLTED, B
T HKERTESOEKEROFIE T Faevella taraika-
ensis DRy FRPRIR Tz L b, LiEOR
B, KBRUEEREDSF & Favella taraikaensis o



{m)

Depth

T3V y v OERGA

190m Sampling Points

14 _///\\\~n0/’//—\\\

1116 \\\
1
Fig. 21. Vertical temperature section along the course (Fig. 15) for plankton samplings
in Maizuru Bay on the 19th of January 1971. Abscicca shows station number,
Solid and open circles indicate starting points and ending points of the sampling,
respectively.
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Vertical chlorinity section along the course (Fig. 15) for plankton samplings
Maizuru Bay on the 19th of January 1971. Abscissa shows station number.
Solid and open circles indicate starting and ending points of the sampling,
respectively.
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Fag. 24. Mean individual counts of Favella

taraikaensis per liter (solid circles)
and range of standard daviation
(vertical lines) against the tempera-
ture differences between two succes-
sive sampling depths. The ordinate is
individual counts of Favella tarai-
kaensis. Data shown in Fig. 23 were
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Fig. 25. Mean individual counts of Favella
taraikaensis per liter (solid circles)and
range of standard deviation (vertical
lines) against the chlorinity differen-
ces between two successive sampling
depths. The ordinate is individual
counts of Favella taraikaensis. Data
shown in Fig. 23 were used. A4Cl,,
backward difference; A4Cl:;, forward
difference; 4Cls, central difference.
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Fig. 26. Map of Maizuru Bay and positions
of five sampling stations. The experi-
ment was carried out on the 8th of
Augest 1972,
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Fig. 27. Vertical temperature section.

The experiment was carried out in
Maizuru Bay from 10:00 to 11 :00
hours on the 8 th of August 1972,
The location of the section is shown

in Fig. 26.
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Fig. 28. Vertical section of the individual
counts of Oithona brevicornis per one
haul {converted to the natural logari-
thmic scale) in Maizuru Bay on the
8th August 1972, Triangles indicate
the depth of maximum abundance of
plankton in the water column at
each station. The location of the
section is shown in Fig. 26.
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Fig. 29. Vertical section of the cell counts of
Ceratium furca per one haul {converted
to the natural logarithmic scale) in
Maizuru Bay on the 8th of August

1972, Symbols are the same as in
Fig. 28.
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Fig. 30. Vertical section of the individual
counts of Penilia avirostris per one
haul (converted to the natural logari-
thmic scale) in Maizuru Bay on the
8th of August 1972, Symbols are the
same as in Fig. 28,
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Fig, 31. Vertical section of the cell counts of
Ceratium fusus per one haul (converted
to the natural logarithmic scale) in
Maizuru Bay on the 8th of August
1972, Symbols are are the same as
in Fig. 28.
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Fig. 32. Vertical section of the individual
counts of Oikopleura dioica per one
haul (converted to the natural logari-
thmic scale) in Maizuru Bay on the
8th of August 1972. Symbols are the
same as in Fig. 28,
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Fig. 33. Vertical section of the individual
counts of Helicostomella longa per one
haul (converted to the natural logari-
thmic scale) in Maizuru Bay on the
8th of August 1972, Symbols are the
same as in Fig. 28,

R, KEERCES OHNEMENO SHlEE & ORE
BRI L Hhishs o ke,

ZhET, 819 0OFHMOBREKEEC OWTRAT
&2, @B OTHOBIERRC B\ Th, SHEMEA
DT I v vOSHECE, FROEEIEMUL EE

9 2om
St St.2 St3  si4 St5

of

[

NS
N
(\

3

<

DEPTH (m}
w

5

neC

10

Fig. 34. Vertical section of the cell counts of
Ceratium fusus per one haul (converted
to the natural logarithmic scale).
The experiment was carried out in
Maizuru Bay from 14:00 to 15: 00
hours on the 8th of August 1972,
The location of the section is shown
in Fig. 26.
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Fig. 35. Species diversity of plankton assem-
blage against the temperature gra-
dient within one meter water column.
Open circles are calculated values
for the samples taken from 10: 00 to
11: 00 hours on the 8th of August
1972. Solid circles are calculated
values for the samples taken from
14: 00 to 15: 00 hours.
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Fig. 36. Vertical profiles of temperature (T) and salinity (S), and

calculated values of

species diversity of plankton assemblage (D) at St.2 (Fig. 26) in Maizuru Bay
on the 28th of May and the 5th of June 1974.
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Fig. 37. Change in the vertical distribution
of Ceratium fusus at St. 2 (Fig. 26) in
Maizuru Bay during a period from
April to June 1974. The cell counts
per one haul is converted to the
natural logarithmic scale.
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Fig. 38. Change in the vertical distribution

of Oithona brevicornis at St. 2 (Fig. 26)
in Maizuru Bay during a period
from April to June 1974, The cell
counts per one haul is converted to
the natural logarithmic scale,
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Fig. 39. Change in the vertical distribution
of species diversity of plankton as-
semblage at St. 2 (Fig. 26) in Mai-
zuru Bay during a period from April
to June 1974.
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Fig. 40. Map of Maizuru Bay and sampling
station (@). The experiments were
carried out on the 8th and 9th of
September 1972, and the 17th and
18th of June 1975.
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Diurnal change in temperature verti-
cal profile observed at a station (Fig.
40) in Maizuru Bay on the 8th and
9th of September 1972,
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Fig. 42. Diurnal changes in temperature and

salinity vertical profiles observed at
a station (Fig. 40) in Maizuru Bay
on the 17th and 18th of June 1975,
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Fig. 43. Diurnal change in the vertical profile
of Ceratium furca observed at a station
(Fig. 40) in Maizuru Bay on the 8th
and 9th of September 1972, The cell
counts per one daul are converted to
X/X, where X is the cell counts at
each depth interval and X is the
mean counts in the water column at
each sampling hour.
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Fig. 44. Plots of abundance of Ceratium furca
(X/X) against the differences of
temperature between two successive
sampling depths on the 8th and 9th
of September 1972, X is counts of
cells at each depth interval, and X
is the mean counts in the water
column at each sampling hour.
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Fig. 45. Diurnal change in the vertical profile
of Oithona brevicornis observed at a
station (Fig. 40) in Maizuru Bay on
the 8th and 9th of September 1972,
The cell counts per one haul are
converted to X/X, where X is the
cell counts at each depth interval
and X is the mean counts in the
water column at each sampling hour,
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Fig. 46. Diurnal change in vertical profile of
Paracalanus parvus observed at a sta-
tion. (Fig. 40) in Maizuru Bay on the
8th and 9th of September 1972. The
cell counts per one haul are con-
verted to X/X, where X is the cell
counts at each depth interval and X
is the mean counts in the water
column at each sampling hour.
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Fig. 47. Diurnal change in the vertical profile of cell density of Ceratium
Sfusus observed at a station (Fig. 40) in Maizuru Bay on the 17th

and 18th of June 1975.
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Fig. 48. Diurnal change in the vertical profile of cell density of Ceratium
kofoidii observed at a station (Fig. 40) in Maizuru Bay on the

17 th and 18th of June 1975.
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Fig. 49. Diurnal change in the vertical profile
of individual density of Oikopleura divica
observed at a station (Fig. 40) in
Maizuru Bay on the 17th and 18 th of
June 1975,
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Fig. 50. Diurnal change in the vertical profile
of individual density of Penilia avirostris
observed at a station (Fig. 40) in
Maizuru Bay on the 17th and 18th of
June 1975,
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Fig. 51. Diurnal change in the vertical profile
of individual density of Acartia clausi
observed at a station (Fig. 40) in
Maizuru Bay on the 17th and 18th of
June 1975,
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Table 5. Vertical distribution patterns of plankton related to the thermocline.

Phytoplankton Zooplankton

In the surface mixed layer above the thermocline

Skeletonema costatum Oikopleura dioica

Coscinodiscus sp. Tintinnopsis corniger

Around and within the thermocline

Ceratium furca Favella taraikaensis

Ceratium kofoidii Pelecypod veliger

Oithona brevicornis

Beneath the thermocline

Penilia avirostris

Acartia clausi (night time)

In the deep layer below the thermocline

Ceratium fusus Acartia clausi (day time)

Ceratium macroceros Gastropod veliger

No relation to the thermocline

Helicostomella longa
Tintinnopsis beroidea

Copepod nauplii




Table 6. List of plankton studied in the present paper.

BACILLARIOPHYCEAE (3FE#) Patterns of

Dimensions Swimming Mobility Phototaxis  Diurnal migration aggregated
Order Centrales (FJ.03H) organs distribution¥
Skeletonema costatum valve diameter, 18— 35 p — — — — A
Leptocylindrus danicus valve diameter, 6- 12 ¢ — — — — ?
Coscinodiscus sp. valve diameter, 80-400 g — — — — A
. . valve diameter, 35— 154 _ -
Rhizosolenia hebetata cell length, about 700 g — — ?
E b i valve diameter, 40- 50 g . . _ _ 9
ucampia zoodiacus cell length, 90-100 2 7
DINOPHYCEAE (JB#f=E ##)
Order Peridiniales (-—<1) 54 = B)
. . to the surf: B
Ceratium furca body length, 125-325p flagellum weak positive :;F thoe daeys‘tlhggc
Ceratium kofoidii body length, 80— 90 £ flagellum weak ? ? B
Ceratium fusus body length, 225-550 ¢ flagellum weak negative ﬁ? ti?c trlllieglfri%gz b
Ceratium tripos body length,  150-350 ¢ flagellum weak ? ? ?
Ceratium macroceros body length, about 500 g flagellum weak ? ? D
CILIATA (8RR
Odrer Tintinnida (5%5H)
Tintinnopsis beroidea g(rfgydf::gfﬁfr’ ‘218: gg‘;“ cilium intermediate ? ? E
Tintinnobsi . oral diameter, 28- 33 4 i int diat o o
intinnopsis corniger body length, = 150-225 z cilium intermediate ? e A
Favella taraikaensis ggﬂydllgg;ﬁr’ 1471(8):22%!; cilium intermediate ? ? B
Helicostomella longa oral diameter, 17— 18 £ cilium intermediate ? ? E
’ 2 body length, 40— 63 ¢ : .
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CRUSTACEA (FA%4M)
Order Cladocera (KifgH)

swimming

Penilia avirostris body length, 0.8-1.3 mm legs strong ? ? (@
Order Calanocida (# 5 x A f)
= swimming negative up to the surface
Paracalanus parvus body length, 0.7-1.0 mm legs strong 2) in the night time ?
. . . swimming negative up to the surface C (night time)
Acartia claust body length, 0.9-1.2 mm legs strong ?) in the night time D (day time)
, ., swimming negative up to the surface
Oithona brevicornis body length, about 0.5 mm legs strong ?) in the night time (in summer)
TUNICATA (B%EM)
Order Appendicularia (BB )
Otkopleura dioica body length, about 2 mm tail strong positive Frf) t;oe t(}ilsys?;f:ge A
LARVAE (#h4)
Copepod nauplii body length, about 0.5 mm sw111(131gr;1ing strong ? ? E
Pelecypod veliger shell length, about 200z cilium intermediate ? ?
Gastropod veliger shell length, about 200z cilium intermediate ? ?

*A, aggregated distribution in the surface mixed layer above the thermocline; B, aggregated distribution around and within the thermocline;

C, aggregated distribution beneath the thermocline; D, aggregated distribution in the deep layer below the thermocline; E, no relation to

the thermocline.
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T3V v v OEF S

DT, I LRMOBEERLT S v 2 P vBESD
DALY LD T, BREMCEHNL TV LE
BB %o

2) T5vH brOERLHEKERLKEBENR

r=g®al

75 vy b vngERSmERRTARELL T, Sta-
vn (1971) 3EAFERETZRDI G FED 5D,

) % KR EH5RORERL S OWE « LEHE

ZEoAMA (Vectrial pattern),
(2) KOWENC X575 v 7 b vOERSRE
(Stochastic-vectrial pattern),

(8) AMEMAOHEMEDOHE (Reproductive pat-

tern),

) FABEEEREOHSNTE (Social pattern),

(6) BRI BT S HAEIER (Coactive pattern),
THROOBEREG T, TRUDSZ v b vEDOERS
MEDOWT, BACHETDZ E@AME» 3 Lhi
Vo LAL, ZHOLOERMMENERHL TS, B
122 oL FOBERBPESICERL T WS 2k flic L
T, ZhhboERIE, F7 vy vBRERSHEER
THZERNLT, ZEAREZRLLTCVSLELD
ho, 227, O~0)% TOERR DWW, REEOMA
HELDLEPTC, FEABERET T v b v OEPGT
AR x = L DB OV TRHET Y,

3, KB, ESROGBRERE OWEE - (LENER
DOREWC X » EPFGHEBR T 2 75 v 7 b vils
Vo Acartia clausi VX, FEBESH20~24%L TS
&, EOERAEEE L o TR RE~NE L TERL
7t% (Lance, 1962), ##, =X, FEKEN 15
~16C Bl bicis s &, ABBREC X - TERHD & B~
D LFAEBHFRIEZN B E VbR T w5 (Conover,
1956), SEIDHKERICB\ThH, dcartia clausi (X, F
BB 24~26C, EBESHHIBL %0 L&, BER
D ETBERIT A, ®WEo LB cHREK ¥ TET
L ENTET, HECKERBEME SEE ET S
AEMRL T Y, KERESZ oD EAEE L
CRRIEERE - Tt B2 bh b, 2D X 5ICKE
BEIRRO EFBEHORIEERE LTERATS Z LI
X o T, KEBRBHICERSHABHIN LMD T
vy ]~ v & LTt Ceratium furca, Ceratium fusus
O° Favella taraikaensis 73 BT b Wb, Ceratium furca
DBEL, E0EXEEL LD, BB~ EATS
(Eppley et al, 1968) 73, ZoBHO EREEINFEEL
*AKBREEOISIRIEZh5 & it X 5T, Ceratium

Susus OFFRIL, AOEXMC LB, BEERBAL
A% (Hasle, 1950) 23, = o o FREEH KR
BROLDAEIhD Z L X T, KEBBMIET
ERGHIBRINDB L DEEL bhb, Favella tarai-
aensis DB FCL, BRBENI ERHER IR Tty
L L, BHCKEEEAREL O & 2IRiikBE
T, KBEEMNFIL TV & 2 i r0BBEET
EGEREECEB L LDBESFR 2 — v bELT, &
M EZBA~ LA 2 BREBITFE RN, o LAEE)
PREFELULCKBERBC I - ClIEsh T % 3 0 LR
INB, ¥z, Ceratium furca OB, BRI B
CTHNERBMECERASTHNER ® b hiz, Ceratium
Surca DBEENCFEED LT BBET 35 MREH L R
HEEL WDz E0FHE &h T\w% (Eppley et al.,
1968), Licdi-T, HHEW HT5Z DREOEFLSAIT
BB EBAR LTV SRR D b, KREE L Ce
ratium furca OYEFERSEC BT 5 ABE AR S 2
D ThhboTBLDEEZ DR S,

R BT, B RRBERRSAR T X
b, EECEEECIE - BEEI BRI D,, R
TEFEL, LrdEKes L CTHAEELZL ST v
PV, DX 5K OIR « BEIERAC X 5T, £
B otz b, Langmuir (1938) 1, B E#EBKDOM
REWRS, EEC RS IR S IR E SR &
IRIEFAT U ORI 0, IR 3R o X -
THEDLNIFEHD T U BPERINDZEERL
T EDH, ZOFVSITRERRBREST VI N VUERSE
DI T O 57 L BT P58, BET TREL
7t X AT & f (Stommel, 1949; Woodcock, 1944;
Owen, 1966; Sutchife et al., 1971; Stavn, 1971 %),
Stommel (1949) i3, FREWC KT OB T &
KA & DEARE TR, ¥EKICIE S EHE H 5 RTIE
IR DT H o rhHRE GRRBEAE OEE ORE D 1/2
DBEE) wERSh, W ERT B 5 R T IEIR
DFHOFHBEECER SN Z L 2R L, IbI,
Stavn (1971) 13, Daphnia magna DIERXIT% EJEiC
ANT, TOH5HAx—vES v . 7EREOBER
BN, Fodbc X5 &, KEIER W TOEE
Rt & BOENHR OUKHCH - Tk SHEER D - T
%o e, Fv/iTHERTR, EARI VIERKD
THOFTHKE, T V73 o 7THERBOSEDFH MR
W, BRI TIEHE DICHFEAKE T, Daphnia
magna X THCH > CHREEEEHC & 23 TETR,
Hh o EAFERCEE 5, FDMANE-L, T
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BRBICEE D, 2EOHFIBTRECHITHS &4t
MRMOEIIHE TS - Linhhd, b, HEOHEHK
BIHF5v ot voLsfHiRmRE © B Ficoun
T, Owen (1966) 1, BED7c\HZ Oikopleura longi-
cauda OEEEN W 1.5m LFRETT Ukc TLCE
ST B 2 ERHEL, BAET  BEORTIRIFE
FTAHZEEXETHE LB, Oikoplaura longicauda 73
EOENME S0z &L Lo TRFRCERIhD Z &
2R LT SERIOKEIC BT, Oikopleura divicaic L,
BB~ EHT5 HAERS A LH, LirbEH
2 2m BUHUBROEBESIE BN /N & i 23R A
A TEBECENFH YR L Tk, i, 0Oi-
kopleura dioica (= -2\ Ty, HHEENTE < @ I K K IZ B>
T, EFOHEHET 5 ERBR I R T WD (EH
fili, 1980) = & bE % T, Oikopleura dioica 1%, Owen
(1966) 3 Oikopleura Iongicauda TR L TeD & AKEDE
A TYREEY LoD EELbRS,

W75 v vory, FERERO—DELT, £
OO ORIPAR L K DKFE « SREF A BT HBE
BBEDBENRHTONE, FRCBTHHEH T T v
r v OKEREE, RARE MUEETOoKEANT, £
KAREBLETFREENELLLIRE) PEERAE
IOBRBEEES L3R T\wb (Sverdrup, 1953;
Marshall, 1958; Cushing, 1962 %), 7, Kierstead
and Slobodkin (1953) 2, KHEAZIC B35 i~
S v b vORIEREIBEIC X o TR bikE T
5757 b voBEDOBEHEND, S5 vR
KEFET B 7edici, HIET % O FHEKBOAE X
CRNRAD DB Z EBIR LT, FEM RER 2,
ARETCD Skeletonema costatum OFREFHET B\ C,
IREAD A YA e U T KIRERE & KR 0 K EAEAS
HEHC R &R E T X - TH F R 5 A i3 iE—5
LTHYD, TOXSKBGMR % - vihbZ &
Lo THREHERT 5 &V 5 BRY B, SEOKEC
B} 5 Coscinodiscus sp. DOKBHEBI®RO XEBRAE
TEBEERLPELST X — TR LTE, FBELE
KERBEDI», o EFEToORMIMEE hizl
eh, FORBRELTIS V7 viIRHECBLLXE
BABCRBEEMEL b2 b2, BEERRELE
L TwBbDEELBRD,

Clutter (1969) i3, 7 (D2, 70 HEN L, T
W75 v oSy, FERCH LT, AEEEROL
SWTBOEEMIZ DT Uik, & i, Clutter
(1969) BHE LA X 5B/ NS, L2 b W
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WEGEEBENFEECE Ry 72K T 28 75 v~
7 b iz v, BT, Daphnia hyalina 7w o\~T
13 Colebrook (1960) 73, Acartia plumosa ¥& >\ ~T
EEM CRFE) 2, BFED Acartia, Oithona oculata
R Labidocera pavo v\ >\ ~Tik L K3 B
LTWa, 2hbD75 v 7 b v) swarm JRD-2, F
2, BB THRBEShIcb 0 TH 545, BT
KRWTHREERD Sy 72 LT5 ML B
(Anraku, 1975), S$E &R 5\ C, Penilia aviro-
stris 1L, HEEHOC/INE L, Lard BE A, 5240
SRELSH 2 —vEHFHLTED, swarm JRD Sy F%
BRL VB ERFEINTI, 20X >KkE 7o v
7 b vDoty FHRBR IS o o RFEEATEN ToE
HREIOMEFRA L LT, 4B A FSh5, Brod-
skii (1967) ® Blades (1977) M ELT WD X 5
2, 2R SHOLFEE T CRBC TR 3
fedicid, HLBRECEGHEEES EREIhDBERD
D, FORDRIEBWT S v 7 b AR BB S
THEERAVDZER L Tty FEHHT S 2 EXFES
Exbhb, LU b, BHERTHEIRza AR
— FFD swarm JRD-2, FiTaie 5T L S REEGE
e Eh TS ks ¥ 5F (B, RKFEE), &
FEEENICTRE 75 v 7 + v swarm Rty FTE
WERTIIWEEL bR S, FRT, Penilia avirostris
OBEY, BECARAEY L ThanwZ EbELD
Ay FERERE LT, ALIERESosH &
KEDOTEHEOBFRLED 7S v 7 + voORBNEGE B
TAHEEAS, BEELRBRHEZ b0 EELORD,
ZZET, 75V v OERSHEERERC OWT
BELTE, YROZ EARLBrX-Th, Fi
BEINES, RERUCBHOBR X ->Th, £
SHEBEHER > Tk D, LbBEROEEEN
EhboboweEELH D, £ LT, KEEEZ “hbd
OB LT, EEMcRiHEmeEEr b -
TWBBENEL, LOMBENBED LIS b O D
T, FHRCE N TR BELEELCEE L 45
B, ko4 o0FMEHi, , s
(1) KERBELZOXFEABCET, 5v 7o
TR » N — ATEBR « IEE T K X D TR
dh, TOKFRECEHEL T, EhofHsKEGR
XA,

(2 BEBBHORC, EE+357>v s v, KB
BECIHEXh? 2 e X T, Eho5frERESEic
X ORI B,



75 v v ORRGT

(3) KEEBT LT, *0LTEBMTOMRESH
Bz by, #ExNOLCERERLL OB 75
vz b v, BAEE L VBRVCEREOBELEBRE
B ERHEEL, SRS RAEEGHRC X YR
ZJo

@) KEBBcERTHIERNED L OLYRREE
FokEhomc kb, KRBBHEX S5 v ot vtk
S TIHFBRB LD 2 L k- T, EhafmniiEgE
C XY Eh5,

ZLETRNTCERTS V2 b vOHHA2 —vER
FTARREROMEDOML Y, BESNIVEREDND
EThLEBETONTH Y, BlEIAKE VBT RT
BEAEOENOWT, R, BEHL W RERS
55,

ZIZTT I vy b BT THEFSAE b OBERIC
DNWTELTHD, HEREREOWEH 7T v 2 P vie B
VT, KBPLRBEE EORELERITFEL LT
WHIIRT, BEABAKLD, FORRLL Ty F
PEIND, EFBbhr b5 XN bDEELD
B, BT S5 v b viRE TR, 200BKRAEL
b b, BEPT, AREBECHMBLTNDSF v
b vAVERERE R T | s ¥ OFER Tty FEHRT
5T EiE, BERHEL O de, BETHA ). ¥
fo, WMT T v 2 b vicE OEROERSRC S L
WCERHRYERTHZ L, B S5 v 2r volk
B & oT, HFlh&fEEhbsEL bR 5, T b
b, BRSSO, FIIEERNL O TH D,
B v oy vk X AR, MR SS v vick
->T, AOERELLTERATS, LarL, 875 v 2
FvoBAr, ARMBERECI-C, £0Sy F
DRI TAL, ¥, BYSI Vo vORBRR
Lo THEY TS v 7 b vORBENRITHEL B 7S
VIrVYREM TSV 2 P VR IoTHEIRIC
HLELZLRBOT, WY T T V7 b VBB ITE
FEIBZ LA WbDEELDRDE, 2D X5
W75V BT S v 2 b oGRS, BRCE
P AmBEOEMNTAS vACKECEEL TV ETHE
E‘:{ﬂ%o

BB, 77 v 7 b vDSy FRKERLIIENS
ExTHRBLE, BNMEOHFT L - T, BEFTREEY
CIHEBECHML TS TT v 7 b vINBER Ay F
BT A Ly, BEERHYTI LR ELR
5o Lasker (1975) i3, BE@H V 7 1 A =7 {4 WS
BT, H&2FA4 7> (Engraulis mordax) B OF)

KIS DTN, TR E L B &, Gymnodini-
um splendens W X - THE Iz re 7 4 AMBAKBIC
BT, FROTIEEENE D, TOERKRD R
RBLes, #e, HCBABIAERTLZ LT,

HROTHEHERE Dy, EBIVEL LD, L
1eioT, DR I2FAVYOFRBRZ nr 7 4 VERE
L& 5285090, FROTGEBHEOKE, Thbb
RO L TERELE R b 2LELOND, ¥

BB BT, PR EREC S L T 5 Oiko-
pleura dioica BEMEEOH A L - TLEECHAIRT
¥ b, Oikopleura dioica DEHFIL-<y FHFEIN TV
7= (Shelbourne,1962), 4 EIDFTFEEIC H\ T, FEHIL
Oikopleura dioica 7BV R CIRE Ry F R T
BLERHERL WA, 20X, RNMEOHFOE
&, BB TS5 Vv vOEBBL Ay FIRHES
BERETHESBE, TOROEREYRDLL
itk Tichb, MifAMHc 7S v 7 b v ORE Sy
FEHEIBROLIN, TORNMNROEERYRDD
BELTERO—D2EEL bR S,

= #

R TIE, RBBICRHS 75V 7 b vORHkE
XL L, FOSHEBEFPBREERLE YD X5 ik
JRBARE & » TV Bk A~NS BT, —EHoBRAYE
BEC BT, 19705E0 B 1975ER AT TT - 1288, %
DRERIIKRD X 5 CEHEh B,

1) BEHECEIB75 V7 vOSHBELIEETS
Ty, BRARLETHSABEOBKLMEEAL
K EoT, TOREFELEL HLENRD D, HECE
575 v b OB N RZERIA 5 — A D3R
YREET DD, KESHBERWHEL TRy 72FH
U8R ER%, SRESMENAE S LTIOEOMER » b
BEEUCHERVER L, bk, 75v 7 v
HIFC 15 A v FEREROIEKRE, B s, FE
Fy VEXPTAEKRUADLD TS v 7 v vORA
RIECDWTEHANI, TOER, ThODBRERTS
v vOBBSHRATCHELTWAIE R, -
oo

2) Ceratium furca, Geratium tripos, 3 ~=+H— XK
Y, 28— &80 nauplii 0RAER = — 2 LD 457
& KEROES 5 L BRI THRE Lz, ZTORBR
EE—EOKE « ESEE S OBEKIME, Bl
BABREORMICHELET AERKIME T, Ceratium furca
O RIREREE OKEY, BERRCERL T, ¥
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F5v 2 vOBEBa A FERINDE AL FOKRKER
R ERDWT, 3 ODHERRERAEYAWT, B
B % T ot FOIERE, Ceratium furca (T KEIs A
—ADRy FORNML, IHRPILAY —ADSy F
BHTHSENMEEY L - TED, TOLSREES
FREOWITCI:, BETHEE L EEHVFHLTHD
Z Ebh ot

3) Ry 7HREBCILER-ALoRE LAR
., SESHERERT, TV vOEBOKES
HECRINBEFHAIRESRE F 0 X 5 oY
B o TWAPEBH L. ZO#ER, Favella taraikaensis
OKFESFE, KBROEFOEEDL O & Tkl
AKBEROEGOKPAHE L EFCERL TR, KB
CIEHOAENIKREL DY, BEREEVEL LS
HEAHR bR, Tio, $HESMCE-TE, KERY
WARBINIEREL Uoitb & FRIERARE T, BERRE
BELTW5 L ERIIEOBBMIET, EEREENEL
o TRY, FEOHESMIXBRCESERCH
BEINTWBZ Edvbhol, bk, ZEOKES
BT EPomc, KERCESEBRC X » T
BIN T DREDTIC BT 5 P 570 & e BEN
Adbhice LMo T, 75 v 7+ voEhsfiok
RERCOWTEETLIRIE, KESHETTRL, &
EWE S & BEST TR ORI W L b o
2o

4) EF2OLEFCrCERR, 0EOHSER » b
FRCCHENENOSARELTY, 752 v
DTG KB RO SO 5ARE L BHE S THEL
Foo FORER, Oikopleura dicica 7o FITXKIEEB X v iR
WERBEARBC, HERCNIRRy 1Dy FEE
BLL, Ceratium furca LR RO BES & K HR4SET
TS L BB T, KEMERBELMHEEL, i
KEBOHHEAWAKEVINGRE, 75 v 7+ vEBENS
{75 Tty Ceratium Susus To EORIBEEEEZ, K
BEBI v EVERBREABCEL BB X v EWET %
BXIniofEdiEmLtoTii, DX 5 In Ceratium
Susus OSMELTHEREIL, FEFOHEFCH,TT, &
EARETALERE I -1 iz, Penilia avirestris X
KREBOTH CHERC NI Ry — 1Dy F 5T
BL T\, LL, +XCO75 v 2+ voofmEs
RRBRUESTOSHRHE L LA DO TG fR%
B o U BFTCitin, Helicostomella longa 7o & o
IO KBRS 0SS L BRE e/l 4
bhic, 75 v 7 + vEEOBEHERRL, BEEX

#BEL w5 BRI, KREBMECloKEE
HE L CERE L o T, EEEVE LTS X
S tewtc 6 ALIEOREEC T, BREMT T B
P LTI,

5) zoiTl, BMoY v vofhsfh iR
BER L OREERCOWTHREE L T& e, EE
EHAETHEL 0TS 7 b VETHR MEE 2T
W, BEEITHRESF A% —vERICTHC E0XHbR
T b, £2 T, URHOBREELT, ThETH
HLLTELEZS v 7 b vEN, BRTEOREST
R2—vERED L HELIE, FroBKRER
LED ISR Y S » Thd B Lic, £0
FER Acartia clausi IR CIIERBCEPLSHFLTCE
b, BB#HrERE~EET2EBRADN LD, FHEL
T KRBEC X » CEo ERESNE I & h, KERE
DOERMFATICIREE Ly FERT D & &hibh -1,
T, A ABRECEBEEHNC ERL, 2~3K
M, BRCEEL, tofk HENNERC/ALL LR
IoT, HHE CEENCHR A BT S0 LHEES
iz, —fic BREEE 1T S S vbh T 2 <K -
FIOF T, Oithona brevicornis XU Paracalanus par-
ous oWTHE, B B RERERNI A bhad o7,
Ceratium furca & Ceratium fusus ¥ OWTit, fhoiE
THEWTHESR TS AFIER L 1R - b o
LZbhic, Tiobb, B ETD Ceratium furca O
KRBEBMECOERSIME Ceratium fusus © XK RE
BLRCOERHMER, TR TLHEFIR T
o

6) Ldo#ERE»b, BEEC KITL STy

OGBESM & - v ERKBREBLOBEFELYE LD 5 &,
Oikopleura dioica % Goscinodiscus sp. 7n ¥ D X 52 K|
BREL Y BRVCERBRABCEDIM Y LoD D, Cerati-
um furca % Favella taraikaensis 7o XD X 5 v:jciﬁ@)_%
DRI PG AiA 2o d D, Penilia avirostris 7o & D
I 5 AKREROEMC LR SR L2 D, Ceratium
Susus T E DX S KERERE X vIRGBR EPSAEY b
>3 D, Helicostomella longa 7o ¥ O X 5w KEREE L & )
BRI ST b0 b DD 5 o024 7L KBl Zh
2o LT, ZOX5RGEINILTSS vy b vERG
FOMERERIL, B2 Lo TR Ui, BRICHE
BN N Te oty F BT T 5 Oikopleura dioica DA47R
AF -Vt FEOEOENM LRBRABCET LR
B EBR LTy —F, FEBTo Coscinodiscus sp.
EDWY TS v 7+ vOERSRERL T, BEL



75 v s v v OEPLSAR

T ABEBO DI LD ETFBOM CHERANEZ b
b, FOERSS v vOBECEL-ERB
BABCEREEYATTRE LS EREER G R
7oL T KEREBBEUCERSHENALRE TS v
7 b vy oFBTYh, Acartia clausi DEBSMAIL, BE
EBA~LHETHERCR LT, KEEBEEORE Y
Rirtr btk - TR Y, Ceratium furca OHIJAKEE
EBERBCKkBORBEAROKAE 3 LEHELAERY L b,
KEARDOKE VI ERGFHN R LI, KEREBED
B A HBRC N &I A 7 — DRy FHTERT B
Penilia avirostris 7o\ Tk, SREHOERSHILE
DERBMIEFZ ST, KRERBM A FE RO
Lo TWBZ ERTFEERE,

7) KEBEBX, S5 v voEhSEAz—vo
BREECH LT, EENCREERCEEY S - T
WHEBENEL, TOBENEDLRDL S DRDOWT,
AR TR -BETEE LTERLEER K
D 4 DOFEFR BT,

1) KBEEUBROEZBRABLEWT, Sv7ia
TIER « X7 —ATEER « NIRE L &1 X b RS TR
3N, LOKPRFCHEEL T, £homrKBELRC
I b Eh D,

(2) BwBEHoE, ERTAFSvr v, K&
BECIIEXhD 2 &5 kT, ERSMEIEER R
L omEashs,

(3) KEBBrX-T, #0LTECoONKREIE
Chel iy, ERINOLCEERL ol TS v
7 b vARAEE L BUEBECBEELEBRAB
EREEL, SPhomrEEsRe L hvBRIhs,

@) KEEBRETAEREY L o PNREE
RoEHhSMC Ly, KEBBMHEL TS v b vt
S THFBIE S 05 2 21 k- C, Ehafrn s R
X hHEEING,
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