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Characteristics on the Distribution and Composition of
Nutrients in Subarctic Regions™®

Yoshiaki MAITA** and Kenji Toya**

_ ‘Abstract

The characteristics of nutrient concentrations and their compositions were examined in
the southern Okhotsk Sea near coast of Hokkaido and the North Pacific Ocean from lat.
39°N to 51°N along 180° longitude. :

Higher concentrations of nitrate nitrogen and silicate silica were found in the intermediate

" cold water of the southern Okhotsk Sea. In the North Pacxﬁc Ocean, the concentrations of
nutrients changed drastically across a subarctic boundary The concentrations of nutrients in
the northern regions of the boundary increased gradually towards the north. Higher Si/P
ratios were also found in the euphotic zone of the northern regions compared with that of
‘the southern regions of the boundary. Nitrate was found to be the main chemical species of
nitrogen compounds in the euphotic zone of the Okhotsk Sea and the North Pacific Ocean.
It is expected that the primary productivity in subarctic regions depends on nitrate nitrogen
as the nitrogen source. This means that the primary production is maintained by continuous
supply of nutrients from the intermediate water, in early summer season. Hence, the most
important factor controlling the high levels of net primary productivity in subarctic regions
is the quality of nutrients supplied to euphotic zone.

1. #

ARRRERFERC ST 2LERELHELNCT S
BHyn D, —REENEZXET 2FERFO—2THD
RBIEO LM L RTEEMRT B ) v, BREBLS
TAERDSTHRCEELT, ThdOMREKCOWTR
Lo .

TCTEY LT B AR~y ¥R L O EREE
WRICDOWTI, ThE THEYEENLE? DS
OB FRHTOI, WIS DTCEERERHEbMCER
k(KAJ’IURA, 1949; WATANABE, 1962; MOROSHKIN,

* 19854F12H 5 H%H
¥R KEE BB KE I B 175 5
Contribution No. 175 from the Research Institute
of North Pacific Fisheries, Faculty of Fisheries,
Hokkaido University.

** JLHREKFEKESEH Faculty of Fisheries, Hok-
kaido University, Hakodate. 041 Japan.

il

1964; K%, 1973; FAVORITE et al., 1976; K% 1977;
EFH, 1979). ThboBRRKEERSEERTRE
THBEND, BWEERHERT ZEELHBET <L,

ERENFEVEREL BAERRATDR, Th b0
FRBRZTHAITY) BIT=E098L) Kk ELdHd
hTnwbe —F, A TFEEEFEROCERIICES
BEELLTE, Xk, J VBB v ORHEEONT
&k BT ERKD W T SUGIURA and YOSHIMURA
(1964), i@ (1970) OWMFERERE DMERD %o

Linl, 4&—Y 7 BRcRT 52X BEOLMAHRL D
BRI BT 2 ARG RAA T L N TEDD
THRCOHBEIRTH Do Licdi-T, Kﬁ%ﬁmﬂx
?ﬁﬁ%%ﬁm&@a%%ﬁegﬁﬁmk;Uﬁﬁﬁk
DWCH L BRI 54, A&~ 7 HEHERc
&ﬁé%%ﬁ@%%ﬁﬁ,%&&hiammwxaﬁﬁ
ﬁ@%&&¢umiabto

—105—-



k H #® B -

—45°N
18-

122 123 121 124 125 126
2 13 aman 1z

120

Hokkaido

1 1
143 144. ‘145°E
Fig. 1. Map of the Okhotsk Sea showing sampl-
ing stations. Closed circles and open circles
in map show the sampling locations observed
in June 1978 and June 1979, respectively.
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Fig. 2. (A,B) Vertical sections for temperature,
°C and salinity, %o (A), phosphate-P and nitrate
-N, pg atoms I™* (B) at the stations off Mon-
betsu in the southern Okhotsk Sea in June 1979.
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Table 1. Mean concentrations of nutrients and dissolved oxygen at the
observational stations near Hokkaido in the Okhotsk Sea in June

1978 and June 1979.

Phosphate-P  Nitrate-N  Nitrite-N' Ammonium-N Silicate-Si D.O.

pg atoms [t ml ™t
Soya warm water 0.21£0.07 0.36%£0.25 0.12+0.06 0.54%0.38 8.14+2.70 7.36=0.30
Low salinity waters 0.47+0.20 3.1 *=3.5 0.15+0.07 0.45+0.27 7.33%+2.51 8.75+0.69
Intermediate cold waters  1.440.18 12.9 *4.4 0.204+0.06 0.66%0.25 23.5 *=4.80 7.96+0.59

Samiples for nutrient analyses except silicate-Si were collected at the observational stations Ho 78069-081
in June 1978. Samples for silica analyses were collected at nearly the same locations in June 1969,
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Flg 3. Vertical distribution of phosphate-P,
nitrate-N, silicate-Si, temperature and specific
volume anomaly at the station Ho 79122 (44°
20.3/N, 145°10.0’E) off Shiretoko in the Okhotsk
Sea, June 22, 1976.

TW and DW show the transition waters and
the deep warm waters, respectively.

UEICRU 500 ORERANLE (AOU) LXIHO

Bif% (Fig. 4A) BRI RBHMELRIKC KD 5 HEHG
(Fig. 4B) X D, KHIC & » THEFEEOERAE B M
R TWBD800%. AOU REXRBEOHAEEICEE
HBIDEBEEEZDDIE, KBICK - TEBAINBEH%E
HOMBARE - T b T L2 EET 5, FREOER
HEDNT, KHICE » TED X S hBE, R EONY
FRFNDOBFH BRD Table 2 K73 AOU Lml ic
HIET BRBEOERS DERABICEK » TEE - T
Bo Y VRAF—Y I BEESKOENRDIKREL, B
3K, BRADIETHEDT 50N L, ¥4 HiZ) v s
QBOBFEET LTS, BRLCOWTI 3 KB LS
RAEMTEREZRD B TFIRE—EDOEET LT3,

AOU %#iHL LicBAIC 3 THE TR ik L 5H
HELTR, d&—Y 7 liIckd 5 KMOBERE (5.

H, 197D ICERT 2 & Z 2 b s, Hili(1970) v L
Th%lﬁk,74?@%&ﬁ:§§@&&%%h?‘?

FE & ®&

AOU, ml 1™

150

(=]
=]

Si0,~Si,pg at I"!

o
o

P0+—P, pg at |7
Fig. 4. (A,B) The correlations between AQU

and phosphate”P (A), between phosphate-P -
and silicate-Si in typical water masses at the
stations from Ho 78120 to 78126 (B). Symbols
of solid triangle, open triangle and solid square
show the surface low salinity waters, the trans-
ition waters, and the deep waters in the Okhotsk
Sea, respectively.
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Table 2. The mutual concentrations of nutrients correspond to 1m! of
apparent oxygen utilization in the southern Okhotsk Sea.

PO,-P* -

NOs-N* SiOp-Si**

Water mass

pg atoms [™!

Surface low salinity waters 0.34

Transition waters 0.25
(0.94, 36)

Deep warm waters 0.15
(0.70, 18)

(6=0.87, n=20)t

6.59 -
(0.84,.20)

4.10 15.5
(0.72, 36) (0.91, 40)
5.26 29.8
(0.57, 18) (0.95, 12)

* Phosphate-P and nitrate-N were analysed using the water samples collected from the stations Ho

78120~126 in June 1978.

** Silicate-Si was analysed using the water samples collected from the stations Ho 79113-127 in June
1979. The value of Si in the Surface low salinity waters was not available, because the waters
from off Shiretoko were mixed by the Soya warm waters. (see also Fig. 3)

T The values in parentheses show the standard deviation (¢) and the sample numbers (n), respectively.
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Fig. 5. (A-E) Vertical sections for temperature, °C and salinity, % (A),
phosphate-P (B), nitrate-N (C), silicate-Si (D) expressed as g atoms I},
and dissolved oxygen, mlI™ (E) on lat. 39°-51°N along 180° longitude.
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Table 3. Mean concentrations of nutrients in the
samples from the euphotic layer and subsurface
layer of the North Pacific Ocean.

Subtropical Subarctic
39°00'N-40°30’N  -46°30/N-49°00’N -
Euphotic layer Céncentration
(0-50 m) #g atom/l
Phosphate-P 0.57+=0.11 1.4240.22
. Nitrate-IN 5.82+2.00 13.34+2.37
Nitrite~N 0.36+0.20 0.26=40. 06
Ammonium-N 1.61x1.16 1.9840.95
Silicate-Si 5.47+2.55 22.66+3.96
Subsurface layer
(0-150 m)
Phosphate-P 0.70=20. 18 1.5240.27
Nitrate-N 7.61+£2.98 15.30+4.00
Nitrite-N 0.38=+0.18 0.28+0.13
Ammonium-N  1,65+1.16 1.8440.87
Silicate-Si 8.75+4.60 25.96%9.25

Samples for nutrient analyses except ammonium~N
were collected in June 12 to June 17, 1984.
Samples for ammonium-N were :cdHected in June
12 to June 22, 1982.

Table 4. Atomic ratios of P:N:Si in the sub-
surface layer (0-150m in depth) of the North
Pacific Ocean and the Okhotsk Sea, in early

summer.
P N Si

Pacific Ocean
39°00'-40°30'N 1 14.7 23.6
46°30’-49°00'N 1 15.0 36.7

Okhotsk Sea
Surface low S.W. 1 17.6 15.1
Transition W. 1 15.5 26.4
Deep warm W. 1 15.5 59.9
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Fig. 6. (A,B) The correlations between phos-
phate-P and nitrate-N (A), between phosphate
-P and silicate-Si (B) in surface waters of the
North Pacific Ocean. Solid squares show sub-
tropical waters from 39°00’N to 40°30’N, and
open squares show subarctic waters from 46°
30'N to 49°00’N.
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