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Effects of Deep Ocean Water on the Growth of
a Marine Phytoplankton, Skeletonema costatum

Toshimitsu NAKASHIMA*2  Takayoshi TOYOTA*2

Enrichment batch culture experiments were carried out with a
marine diatom, Skeletonema costatum in an attempt to assess the ef-
fects of deep ocean water on the growth of phytoplankton. Water samples
were collected at various depths from 0.5 to 600 m off O-shima Island,
southern Sagami Bay, Japan. The test culture was exposed to 23°C
temperature in daily cycles of alternating 12h light and 12h dark periods
at a light intensity of 3,000 1x (47 uEinstein-m™2 -s71),

*1  YREEREERAN € v & —iarr PR

*2 Marine Research and Development Department



88

Although S-costatum grew reaching a final cell concentration of
356 x 10%cells-m1~! at a rate of g = 0.72-day™} in the 600 m deep
ocean water, the cell exhibited a delay in growth. The results of enrich-
ment experiments revealed that none of the trace metals, vitamins,
EDTA and TRIS had any substantial effects on growth rate and final cell
yield, and only EDTA had a substantial effect of reducing the length of
the time lag. Concentrations of EDTA over 100 pg-171 were effective in
reducing the length of the time lag, especially an optimum concentration
of 200 ug-1~! EDTA. These results suggest that deep ocean water is
deficient in organic chelators necessary to eliminate delayed growth of
phytoplankton.

Increases in inoculum size also decreased the lag, suggesting that a
S-costatum cell excretes an organic chelator to make the deep ocean
water more suitable to exponential growth.

Water at Station B in the summer stratified period was classified
vertically into three types on the basis of S- costarum growth responses
to ocean water of various depths and water characteristics.

Type I: “Surface ocean water” above compensation depth: This
water is rich in organic chelators and poor in inorganic nutrients. The
values of the growth rate and the final cell yield may be small because
of the limited inorganic nutrients.

Type II: “Mixed water” of the right layer at compensation depth:
This water contains the proper quantities of organic chelators and
inorganic nutrients. Phytoplankton may grow rapidly because of no
restrictive effects on organic chelators and inorganic nutrients,

Type II: “*Deep ocean water’ below the right layer at compensation
depth: This water is poor in organic chelators and rich in inorganic
nutrients. Phytoplankton population may increase slowly in the early
phase of growth because of the lag period arising from a deficiency in
organic chelators,
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Fig.1 Sampling stations off O-shima Island, southern Sagami Bay.
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hIMKRENE 1 0%7 Y OHRMNE
M EERA
Cu Cl;: 2H,0 2pg  0.75 pg Cu
Zn Cl, 10pg 4.8 pgZn
Co Clz6H:0 1ug 0.25 pg Co
Mn Cl;-4H.0 100 g 27.7 pg Mn
Fe Cl;:6H:0 200 g 51.6 pg Fe
B X I V4
Thiamin HCI Dmg
Biotin 0.5 pg
B2 0.5 pg
EDTA 100 pg 0.342 pmole
- TRIS 300 mg

BAKIZL OFEEEE LS . costatum BRIE 2 T
TN1 X8 L, BEEROHSKDOMBRRE X
1.1 X10%cells- ml "' THolzo
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Tablel Water characteristics of samples used in culture experiments.
BABES BAEAH () (om®) (ngebla- 10y Loe aiid Rl
A A m- chla. g~ Hg 2 -
W e (eehla 1) oo ¥ ik B (e C-L)
4 June
FE R A 600 s s 7.7 26.78 2.34  91. .6
RE 1977 1.8 0
0 23.70 1.54 8.1 0.92 0.04 3.5 1.2
20 24.67 0.59 8.1 1.77 0.24 185 1.0
40 25.53 0.33 8.0 7.56 0.56 24.1 1.0
60 25.74 0.20 7.9 10.64 078 244 1.0
0 25.88 0.0 7.9 12. ; .8 .
Sk 5 R 13 June 8 9 79 096 27 0.9
1980 150 26.29 — 7.8 19.50 1.39 38.3 0.9
200 26.46 == 7.8 21.22 1.56b 4235 0.8
300 26.75 R 1.7 28.08 195 57.1 0.8
400 26.90 — 7.7 29.83 199 64.8 0.7
o000 27.02 o= 7.6 32.46 2.37 76.2 0.7
— ‘non data
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Fig2 The effects of trace metals,
vitamins, EDTA and TRIS on the
growth of Skeletonema costatum in
filtered 600m deep ocean water from
station A. The line (—e—) shows the
growth of the no addition control.

Incubation was conducted at 23°C in
12:12 LD cycles3,000Lx.
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Table3 The effects of trace metals,
vitamins , EDTA and TRIS on
lag period,growth rate and
final cell yield of Skeletonema
costatum in filtered 600 m deep

ocean water from station A.

RRRIE g RAAERR

SR K HA [ 15 X
(day) (-day )(X104cells-n1ﬂ_l)

ﬁffﬁﬁg) 1.8 072 356
it z1 o 272
e em 1.9 073  29.4
AR 0.6 071 355
R 1.8 072 32.5
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BB ETEEY M A0k L LIICETFE
K rrEmIALNZ (Fig. 3 ),

3.3 HEM ST boEFEICK T
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4,A) ., BHEEE () i20.5mBLT 20 mF
BRKT0.45-day™ 8X0r0.53day ' THY,
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Table 4 The effects of various
concentrations of lag period,
growth rate and final cell
yield of Skeletonema costatum in
filtered 600 m deep ocean

water from station A.

Fhak 25 wman wey
pg-471) (day) Y /7 (X104cells* mg™)
£ 1.2 0.65 46.6
(R
10 1.3 0.66 44.5
50 1.2 0.67 43.8
100 0.5 0.65 45.7
200 0.3 0.64 45.7
400 0.7 0.64 45.5
600 0.6 0.61 40.9
800 0.7 0.60 39.6
1000 0.6 0.58 37.7
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Fig.4 Lag period, growth rate and final cell yield of Skeletonema costatum in
response to ocean water of various depths in the presence (--O--)
“and in the absence (—®—) of EDTA-from station A.
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Fig.6 Cell concentrations of Skeletonema
costatum In response to ocean water
of various depths in the presence
(--0--) and in the absence (—e—)
of EDTA from station B after
3 days incubation. Initial cell concen—

tration was 3.1x10°2 cells-ml L.
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