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On Distributions of Minute Nutrients in the North Japan Sea;

in the Close of August, 1955
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Yoshiyuki MATSUYE, Yuzo KOMAKI and Masaaki MURANO

(Department of Fisheries, Faculty of Agriculture, University of Tokyo)

Abstract

In the close of August, 1955 , the investigation of the North Japan Sea was
carried out by Soyo-maru. We were alloted a part of determinations of minute
¥ nutrients (Silicate-Si, Phosphate-P, Nitrite-N, Nitrate-N), hydrogen-ion concentration
and alkalinity. From each distribution of these factors, a presumption on the
structure of water-mass system was made as shown in Fig.7 schematically.
A ncte on the temperature correction of hydrogen-ion concentration was added,
and it was emphsized that this correction is indispensable to obtain precise pH value
and to calculate correct total CO,.
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Fig-1 ; The map showing stations at which water Samplings were made.
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Table 1 ; Station groups divided by the type of vertical distribution of hydrogen-ion

concentration,
No. Station Region
St. 29, 30.crererrrrrinrieiiaiii, Tsushima Current region.

St. 31, 32, (B83).wweeeeeee

----Region affected by Tsushima Current.

CECHCRONC,

St. (34), 35, 36.rreereresennneeen Eastern Korea Current region.
St. 37, 38, 39, 40, 41, 42, Region affected by northern cold water.
St. 43, creceerreiniii Confluence region of branches of Tsushima Current.
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ST A Rk Bicik pH ROt alkalinity X b S @dudis O3, F-LRMBOIRERE L L pH # Hus
HEAEERDEXD L, RIFLDZOEMSIEI EINITRN,

PERYGEEERB IR PH OWEHERIRE V5 ttaiksy, fMEThb AR Ih—RIELTW 52, &
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0.006 &k 4 RERIGITKD HIL TV B,

LSROBINTIEZ D FIETE L, PH OB EITROIN & Hikk & ofc, BIHEKIE 100 cc AREFIHEIC
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Table 2 : An comparison between the raw value of pH and pHtw (pH in situ), pHaq (pH at

20°C) : and values of total CO, calculated from these pH values and alkalinity.
(Cl’'=19.00%,, Alkalinity=2.35meq/L, tn=29.0°C)

Factor for Total CO4
pH Temp, (°C) — fd
cale. 3CO, mmol /L cc/L
tw =0 “ 1.01 2.37 53.2
pHobs 7.60{
. t'w =27.0 ‘
pHtw 7.90 tw =0 } 0.98 2.30 51.5
pHog 7.65 20.0

Factor for calculation of total CO,=— 1K /an ) +(asean )/ (K +anz0ne)
1+(2Ky//am)
K ST D (PHobs) X DEAR T AB VIETHD Z EAH KL 5o PHIZKE « 5 & icEYoE
B HUEIN T TH DT, ZOMRGHETNETIRLSD, TCKEEO 54 » I ORBA #5581,
PHtw %\ 5% X b RIEDHRNIE L LTHDEEDRIZC Lot a& 0% pH B0 MK EY TV, REES
TOMBTEE L 3N ETHD, Zhicit McCLENDON @ buffer solution »3FFEw B & Hivicif B 20°C
LANCTHE MR L T 20088 N THA S,
FHORCHE Ul pHAEOM B A 17 ) O Clelriud, PHENEC X 0 235 DL EmEkr =
Licieh b, F¥fopH & alkalinity &7s HARRERZKE
Total CO,=Carbonate alkalinity - 1+(Ky/am )+ (@s-an-)/ (K, +aHy00a0)
? 1+2K,'/an)

L THBHKSDTH BN, Bucu(1951) i X b carbonate alkalinity (233~ E{RENIT%H pH « K4 « &
PRDERE LGHIIN TV ADT, MiC{T) 2 kS,
CAEREMTE2RID EH LD 2R BRI LUCAR PR L, EDERIE (PHobs) % Bl
DpHPHW) DN HELD L, BRBEIETED L TR EYLHERENRCRETRLDN, @ BAEK
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Planktological Study on the Warm Tsushima

Current Regions - [

Plankton Properties and their Relation to Oceanographic
Conditions of the Offshore Regions of the Japan Sea in
the Summer of 1955,

by
Toshimasa SHIMOMURA

1. Introduction
The present studies are based on materials collected during the oceanographical
observation of those waters conducted over the period August 13~September 1, 1955
on board the “Soyd Maru”, research vessel of Fisheries Agency of Japan. Position of
the stations are shown in figure 1. The main purpose of the studies is to get the
figure of distribution of macroplankton communities in upper layers of those areas
which are certainly bounded by particularities of the water-system, espacially of the

The Ses of Japan
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Fig. 1 The positions of stations.
Mark o indicates the station where the *marutoku’ net was hauled and mark e that thc ordinary
oceanographical observation was made alone, without net-haul because of seas.
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Tsushima Current (warm) and the offshore colder current regions (the Timan
Current regions).

Method of collecting plankton : Plankton was collected by vertical haul with the
“maru-toku” net - B, which measures 45 cm. in mouth diameter, 80 cm. in length
along the side and is made of syntheticresin-processed silk grit gauze 54=54 XXX
(aperture (.33 mm.). The net was lowered to the point where the submerged length
of the wire reaches 50m., and then hauled up to the surface. The inclination of the
wire varied at different stations (0°-45° ; generally below 20°), as given in the
Appended Table put at the end of this thesis.

Measuring the settling volume : Since the main purpose of this investigation was
to know the general feature of plankton distribution, no attempt was made to take
the count of plankton organisms except for several species such as Clalanus eristatus,
Parathemisto oblivie and the like. So that the seltling volume of the catch was
measured and used as an index of the abundance of plankton. The whole catch at
cach station (i. e. zooplankton and phytoplankton not segregated) was washed in
the 50 ce. measuring cylinder graduated cvery 0.1 cc., and the volume was read
after being left undisturbed for 24 hours. Bul the identification of specific

composition of plankton was carvied oul at cach station.

2. Plankton
Number of species : Number of total species identified are more than 130, com-
prising more than 81 animal and 46 plant species. Figure 2 shows the number of
species at each station and table 1 the number of species belonging to various
classificatory groups throughout the whole area under study. Copzpoda account for
one half of animal species. The majority of plant spacies belong to Dinoflagellata

or Bacillariales. More Dinoflagellata specics belong to gen. Cleratiwn than to any
. other genus. Mention
Table 1. Number of species

B should he made to the fact

’ v : - > » . > .
Zooplankton 81 Phytoplankton 16 that at any station more
Protozow 6 Cuanophyecar 1 Dinoflagellata species
Coclenter 4 o [ lagel 20 .
Joclenterata 1 Dinoflagellata 2 occur in  phytoplankton
Chaetognatha e Dacillaricles 19 | 1 . £
b . . than the specles of gen.
Crustaceaes 45 Rhizosolenia 7 1 ! &
Copepoda 138 Chactoceros O (hacteceros or  gen.
Gymnoplea 22 Others o Rhizosolenia, as the author
Podoplea 16 reported previously (1954).
Phyllopoda 4
Number of the total
Ostracoda 1
Others 2 species, (i. e. including
M ollusea 3 zooplankton and  phyto-
Tunicata 6 plan kton) varies from
Larvae & Pisces cqgs 13 . .
¢TI e station to station between




7 (st. 38 and st. 40) and 43 (st. 26)

45

40

35

PIénktological study on the warm Tsushima Current regions——[f

~ 181 —

. As is indicated in figure 2, (1) number of the total

species, including zooplankton and
phytoplankton, varies between 7 and
43, generally 10 and 35, from station
to station ; (2) the geographical
variation in the number of animal
species and plant species coincide,
respectively, well with that in the

@

number of the total species ;

1 and the geographical variation in
total
associated with the change in the

the number of species is

number of zooplankton species more

closely than with it in the number

of phytoplankton species.

/

AN \/‘/ \.\/,\\ \\/,/\ i
\ //v Y \/\\ = At any station, zooplankton is
V

o

constituted of 6 (st.40) to 32 species
(st. 26), of which more than one
But the
number decreases towards the off-

of . L
72 3 4 5 ¥ 9 W 0 13 M s I6 17 15 19 20 21 22 23 24 25 26 27 if 27 31 21 31 34 35 3 57 35 40

Station,

Number of total, animal, and plant

half belongs to Copepoda.
Fig. 2

organisms at each station. i X
sh-ore as described in the next clause.

Number of phytoplankton species to be found at one station varies from ( (st. 5-
37-38) to 16 (st. 1-2 and 10), according to the position of theé station. With
exceptions, these species all belong to Dionflagellata or Bacillariales.

a few

3. Relation between plankten and sea conditions
A) Relation between number of total species and sea conditions
Figure 3 shows the distribution of the number of total species and the path of
As is

clearly indicated in figure 3, the path of the Tsushima Current-—many branches as

the Tsushima Current (warm current), during the period of observation.

well as the main flow-—coincides with the regoin where plankton is composed of 10
to 43 species. In an other region, offshore colder waters north of the Liman Front,
the number of species is not more than 10,

Also in the Tsushima Current regions mentioned above, the number of total
species is more large in the neritic regions. The warm Tsushima Current in the
Japan Sea consists of three main branches as well known (fig. 4). Relation between
the number of total species and these three branches is given in the accompanying
table. (table 2).

Comparing the number with the distribution of isotherms at 25-metre layer (fig.
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Fig. 3 Geographical distribution of the nrumber of total species.
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4), which is the midway of
the wire length (50 m.) of
plankton net, these two
are also closely related
each other. This relation
is arranged and filled up
in the third column of the
table mentioned above.
Namely, from a thermal
point of view, the number
of total species is larger
in the warmer regions.

A large number of
total species more than 30
is due to the increasing
in number of species in
both zooplankton and
phytoplankton, as described
before. But lcoking further
(fig. 5), it comes from the

139° 140° 141
v - T

Tig. 4 Geographical distritution of isotherms at 25-meter layer, in August 1955,
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Table 2 Relation between water masses and number of total species.
Water masses Number of total species ‘ W. t. at 25m. ]ayrer
[ Toe 1t Bran - ~0c.
Teushima The 2nd Branch 20~30 15°~20°C.
Current The 3rd Branch 10~20 10°~15°C.
(including polar front)
The Liman Current regions <10 <10°C.
increasing in the number —
of Copepoda-species and At
then Dinoflagellata, ) i I,/"'I \\\ R ‘," V \ N
Rhizosolenia, larval gﬂ —-ﬁﬁh’”fm,’/ /'\/'/ ‘\'\ /“‘/ \‘ v', vV i
plankton. In other words, n ' ; ‘/ ) /\ \‘\ /\‘ ’ / ‘\\ A,
such a large number of f” _\/ Ny \\\ / . //f”\;\ \\\
total species in the neritic | |*%mN / v .\-/ / \/\
regions is attributed to Neaanten' \3-//\\“/:\&/ o \\-_-.-' _____ YN
the increasing in number R R A Y ]

of species in the warmest
regions (20°~25°C. at 25-

Fig. 5 Number of species in chief component groups at each

station. (““Larvae group” does not include Euphausia larvae.)

metre layer) during the period conducted over the present oceanographical observat-

ions, and to the simultaneous occurrence of such warmth-loving species and larval

forms as follows :—

Planktomya Hensent
C'resers acicula
T emora discaudata
Centropages bradyi
Oncaea venusta
Cloryeaeus lautus
Corycaeus speciosus
Penilia Sehmackeri
Cypridina hilgendol fii
Doliolum nationalis
Pyrocystis pseudonoctiluea
gen. Ceralium
Rhizosolenia styliformis var. latissima
Rhizosolenia acuminata
C haetoceros coaretatus
Globigerina bulloides
Tripleen

Acanthometron pellueidum
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Based upon the research in the 1st Branch of the Tsushima Current and in
somewhat offing beyond it, the author emphasized formerly that the number of total
species in the warm Current (the 1st Branch of the Tsushima Current) lies between
the less number in the offing (the 2nd Branch) and the larger in the neritic
regions (Shimomura, 1954, a, 1), ‘The present rescarch was conducted over even in
the cold Liman Current vegions across the 3rd Branch of the Tsushima Current and
the Liman Front (polar front), The data obtainad also demonstrate the decreasing
in number of total species with being a long way off from Honshu (the mainland
of Japan), As no sampling was made in the neritic regions close to Honshu, within
the 1st Branch, a detailed description, like the author made formerly, on the
geographical distribution of number of {oial specics within the 1st Branch is
impossible. But mention should be made to the fact that the arvea where the number
of total species is the most abundant lics constantly 30 nautical miles north of Noto
Peninsula as during tihe observating period Septeinber, 1950, July--August, 1951,
and June—August, 1952, although the type, mesh and hauling depth of plankion
net are different. This large number area comes from the constant existing of the
vortex area here, although the vortex conditions differ to some extent from season
to season, and year to year. Also in the present ohsarvating period, the counter
clockwise vortex area lies here, forming a large number area more than 4() species.

B) Relation between settling volume and the sca conditions : The settling volume
of total plankton organisms, including zooplankton and phytoplankton, varies
between 0.7 cc. (st. 1) and 18.0 cc. (st. 19). The geographical distribution of the
settling volume is not so simple as that of the number of total species which
is large in the neritic regions and decreases in the offing. As given in {igure 6,
the settling volume in the neritic region (the 1st Branch) is as much as 6-7 cc.,
and in the 2nd Branch north off the 1st Branch it becomes less than 3 cc.
Further, in the 3rd Branch--the mixing region of the Tsushima Current withh the
Liman Current- the settling volume ranges between 1.5 cc. and 17.0 cc., in other
words the fluctuations are also remarkable from station to station. Further northing,
in the cold Iliman Current regions, it again shows a considerahle increase in
volume as miuch as more than 5 cc. and the fluctuations from station to station
decrease. It may well be said, as shown formerly (Shimomura, 1954), that the path
of the main flow of the Tsushimia Current is represented by the region in which
seltling volume is less (below 3 cc. in this research) than in other regions, and that
the neritic region is the region in which the geographical [luctuations of seftling
volume is least compared with other regions.

The above-mentioned resolves into table 3.

As mentioned previously, the present observation was carried out during the
warmest season of the year and then the water temperature at (-metre layer was

over 15°C. throughout the whole waters covered by this study. Especially, since the
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E132°  133°  134°  135°  136°  137° 138> 139°  140°  141° last aulumn (1954), the
Nazf T ' ' ' ' Tv ]
- water temperature of the
Japan Sea has generally
4 continued 2-3°C. higher
than in normal year and
40°k also the horizontal extent
: of the warmer region
s0el / | grown progressively wider.
* =1 <o e A T"* Therefore, in the present
) - / observations, the warmth-
° T i 'l;"::_‘\'“w- ] loving forms of phyto-
t H ' plankion as well as zoo-
T 1 plankton were sampled at
] Q every station. FEspecially,
o ;a/“x S 1 t-he warm.th~]0ving. forms
Sekai 1 Awre like following species were
e e 1 sampled always at each
el ‘ . 1 ‘ . ' ‘ . , station alike in the neritic
¢ Fig. 6 Geographical distribution of settling volume (cc.) of total regions and the offing(the
plankton organisms. Liman Current regions) ;
© Table 3 Relation between water masses and settling volumes.
Water masses fSett]ing volume 1 Characteristics of Settling wolume
or 24 hours(cc.)
e | e st Brach G| S e T and e gaphic
Tsushima m"rhe ond Branch l <3 l Sett. vol. is the smallest.
Current _’1he31d Br;nc;x ‘ - 1.5~17 77‘ Geogr. variations are ‘thvgilr;rgest.
¢ Liman Current regi:)ns ’ > 6—’ fl?éhcgﬁgagrgll;lingrggeggmphica} variations
t ] it demonstrates the mighty flowing of the Tsushima Current in this summer.
Limacina helicina
Calanus helgolandicus
Oithona plumifera
Parathemisto oblivia
¢ Pyrocystis pseudonoctiluca
gen. Caratium
Rhizosolenia styliformis
“ Of course the settling volume is not always in proportion to the number of

number of total species including zooplankton and phytoplankton, since plankton

» samples captured at any station are composed of creatures of various sizes and
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forms. Yet, viewed [rom its constituents, the geographical distribution of the secitling
volume indicates well the characteristics of each water mass as follows :—-

(1) The 1st Branch is the inshore current of the Tsushima Current and much
subject to the infiuence of the neritic waters. Reflecting this sea conditions, the plan-
kion in this region is not only abundant in the number of species of warmth-loving
forms but also ol neritic forms, such as larval fornis, as previously mentioned ; and
then both zooplankton and pliytoplankton abound in the number of species and in
the number of organisms or cells {or each species.

The remarkable “donunant species” in this region are the follwing 9 species.

('resers acicula

Oneieie venust

Dendldo Scehmaekeri

Pyroeystis psewdonoet iluea

gen. Ceratium

Rhizosoleniaw styliforonis

(' haetoceros courclatus

I hal assiothria longissina

Aecanthonetron pellueidum

(2) But in the 2nd Branch,the main flow of the Tsushima Current, phytoplankton

is, numerically, more abundant than zooplankton and is volumetrically just reverse
to the abovementioned. In this region, both in zcoplankton and phytoplankton, the
high abundance of the number of species and cells does not occur, differing from
the 1st Branch. The leading components in this region are the following 3 plant
species.

Phyrocystis pseudonoct ilue

gen. Cerafiuin

Rhizosolenio styliformis

As for zooplankton, there is no any appreciable dominant species exclusive of
Acanthometron, Cresels celeule and the like, flourishing only locally.

(3) In the 3rd Branch - the mixing region with the Liman Current region - the
number of total species decreases still more. The remarkable features in this region
is the fact that phytoplankton appears scarecely, and that zooplankton also decreases
in number generally, though the geographical variation is considerably large. To
sum up, this region indicates the intermediate characteristics between the 2nd
Current and the Liman Current regions mentioned in the next clause (4) and forms
the mixing area of the warmth-loving forms with the low-temperature species.

(4) In the Liman Current regions, the plankton constituents change into the
larger forms such as Culanus eristatus, and phyloplankton disappears entirely. The
dominant species in this region are the following low-terperature species.

Talanus eristatus
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Octlona plundfera
Odithona nana
Aglantha digitale
Lowed wnvs giesbreehti
Metridio lucens
DParathemisto oblivla
Licrger Sagilta
Thence, in this region the number of total organisms is least compared with the

other three regions, relatively increasing in settling volume.
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5. Summary

(1). The material for this study was collected during the period Aug. 13 30, 1955,
at 35 stations in total. At each station a vertical haul was made through the
uppermost 50 metre layer. The qualitative composition and seltling volume were
studied upon these samples. And the geographical distribution of these planktol-
ogical properties are discussed in relation to physical conditions of the sea.

(2). The number of total species, including zooplankton and phyto-planklon to
occur at one station fluctuates between 7 and 43, The sctiling volume of total
species varies between 0.7 cc. (St 1) and 18.0 cc. (St. 19).

(3). The close relations between the number of total species & the scttling volume
of total plankton organisms (i. e. zooplankton and phytoplankton not segregated)
and the each of the three branches of the Tsushima Current & the offshore low-
temperature regions (the Liman Current regions) are discussed, resulting in the

same relations as the author’s previous reports (1954).

)
e
-

Picking up the deminant species, the distinguishing fealures on the plankton
components in cach ol the four water masses mentioned above are shown.
(5). To sum up, in the Japan Sea in August, the warmth-loving species are found
throughout the whole area so far as the neritic region of the continent (Siberia)
and shown the mighiy flow of the warm 7Tsushima Current, since the last

autumn.
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Appended Table 1

Plankton captured with “maru-toku” net during the period August 13-30, 1955
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Coscinodiscus gigas Ehrenberg ‘ 1

Climacodium Frauenfedianum Grun. i

tepShanopyxis Palmeriana (Ehr.) Grun. |
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