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Diel fluctuations in nutrient concentrations and flow in
an integrated culture system using deep seawater
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Abstract

Diel fluctuations in concentrations of nutrients (ammonia-N, nitrate & nitrite-N, phosphate-
P) and their flow were determined in an integrated culture system (started on Nov. 18, 2003)
using deep seawater (DSW) pipelined from a depth of 321 m in Toyama Bay, Sea of Japan. In
the system, ezo-abalone, Nordotis discus hannai (260 shells, 6.19 kg on Aug. 26, 2004) were
cultured in two indoor tanks (60 £ in water volume (w. v.)) by using fresh warmed DSW
(18 °C) and the wastes were supplied to an indoor tank (14 °C, 400 £ in w. v.) in which barfin
flounder, Verasper moseri (30 fishes, 21.0 kg), were cultured. The waste from the latter tank
was used in another outdoor tank (10 °C, 3600 £ in w. v.) in which makombu kelp, Saccharina
japonica (600 plants, 55.8 kg) were cultured. For chilling, intact DSW (3 °C) was supplemented
to the barfin flounder and kelp tanks. Nutrient outputs from the abalone and barfin flounder
tanks and uptake in the makombu kelp tank were determined every hour on Aug. 25, 2004.
On the day, abalones and barfin flounders were fed 450 g/tank of cut-off blade of kelp
cultured in the system at 16 : 00 and 95 g/tank of artificial compounds at 9 : 30, respectively.
The two notable features of nutrient variation were (1) increase of ammonium-N level in
barfin flounder tank and its uptake in makombu kelp tank and (2) increase of other nutrients
in ezo-abalone tank just after feeding. The utilization of ammonia-N, nitrate & nitrite-N and
phosphate-P by makombu kelp were calculated to be 38 %, 6 % and 12 % from the difference
of nutrient concentrations between supply and drainage. The low utilization rates of nutri-
ents suggest that enlargement of the kelp biomass can improve the nutrient utilization in
this system.
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. "f .. .. Blade tips of makombu kelp .
ifor abalone foods
Fig. 1. Schematic diagram showing the integrated culture system in which pipelined deep seawater is

flown and the waste is used in the downstream cultures. Water quality (temperature, pH, DO and nu-
trients were monitored at points a,, a\b, bc and c. Solid and shaded arrows indicate flow of warmed and
intact deep seawater, respectively. Dotted line indicate food suplly for ezo-abalone.
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Fig.2. Diel fluctuation of temperature, pH and dissolved oxygen monitored at points a;, a\b, bc and c in
the integrated culture system shown in Figure 1. Light intensity was measured just below the water

level at the makombu kelp tank C.
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Table 1.

Range (upper) and average =SD (lower) of temperature, pH, DO, oxygen saturation,

and light intensity measured at points a,, a;b, bc and ¢ in the integrated culture system

shown in Figure 1.

a
Temperature (°C) 18.1-185
18.3%0.1
pH 7.51-7.73
7.641+0.05
DO (mg £7) 74-83
8.0+£0.3
Oxygen saturation (%) 96—109
104+4

Light intensity "' (umol m?s™) -

aib bc [¢
18.2—18.9 13.6—14.6 9.0—-11.8
18.5%0.2 14.0£0.3 10.1£0.9
7.73—7.58 7.64—17.49 7.54—8.14
7.631+0.04 7.55+0.04 7.82%0.21
6.6—74 55—-7.0 8.1—-94
71£0.2 6.0+0.3 88+0.4
86—98 66—84 88—105
93+3 72+4 97+5
- - 0—2352
506714

*!: Light intensity was measured just below the water level at the kelp tank C.
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Fig.3. Diel fluctuation of nutrient concentrations (ammonium-N, nitrate & nitrite-N and phosphate-P)
measured at points a,, ab, bc and c in the integrated culture system shown in Figure 1.
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Table 2. Range (upper) and average=SD (lower) of nutrient concentration (ammo-
nium-N, nitrate & nitrite-N and phosphate-P) measured at points a;, a\b, bc and
c in the integrated culture system shown in Figure 1.

ai

<0.1-12

0.5%+0.3
16.2—25.4

22.0£3.3
1.30—-1.72
1.56£0.14

NH,N (uM)
NO;+NO.-N (ﬂM)

PO.P (uM)

aib

1.9-2.9

2.4%+0.3
18.1—-36.8
26.0£6.3
1.77—-3.80
2.55+0.75

bc c

16.5—-26.1 3.7-6.8
20.9£3.0 5.0x0.9
16.2—35.0 16.4—-27.6
26.4%+54 222%33
2.80—5.00 1.56—-4.20
3.91+0.68 2.17£0.65
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T—E®IN (Fig. 5B 4:00-5:00), <3 v 7Ki#
C T—# B 288 %» 51 (Fig. 5C 5:00-7:00,
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DHEZR I (Fig. 4B). w23 v 77K C T3,
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Fig.4. Diel fluctuation of ammonium-N output in
ezo-abalone tank A, (A)) and barfin flounder tank
B (B), and its uptake in makombu kelp tank C(C)

in the integrated culture system shown in Figure
1.
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Fig.5. Diel fluctuation of nitrate & nitrite-N output
in ezo-abalone tank A, (A,) and barfin flounder
tank B (B), and their uptake in makombu kelp
tank C(C) in the integrated culture system shown
in Figure 1.
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NEH SNz (Fig. 6B). =3 v 7XKIECITHB WL
T, 8:00~12:00 D&KWV THRINAZED S i
(Fig. 6C).
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TVvE=9LIETIE, TV TIEKEA LY
ATKEBMSZENZFH, 11.1 mmol day”, 330
mmol day” & h, v v IFKECITBWT
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-P yumo h)
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Fig. 6. Diel fluctuation of phosphate-P output in ezo-
abalone tank A, (A)) and barfin flounder tank B
(B), and its uptake in makombu kelp tank C (C) in
the integrated culture system shown in Figure 1.
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Table 3.

Range (upper) and average * SD (lower) of nutrient (ammonium-N,

nitrate & nitrite-N and phosphate-P) output and uptake rates in ezo-abalone
tank A, barfin flounder tank B and makombu kelp tank C in the integrated cul-

ture system shown in Figure 1.

Ezo-abalone

Barfin flounder Makombu kelp

tank A, tank B tank C
NH,-N (umol h™) 240—636 10872—17412 —11524—-1800
+463£113 +13762+1927 —5924+2454
NO;+NO:-N (umol h™) —612—3660 —1020—3300 —10663——6509
+1001+1234 +1247+1188 —264+54
PO.-P (umol h™") 100—498 296—2051 —1605—2250
+248+149 +1221%457 —557+1095
Symbols of plus (+) and minus (—) before each average show output and uptake, respectively.

RO 12%Th - 1.

3. % =

AEBRTED SN REBRBEOEIIE, <V
HokiEHEKIcBII BT v E=y AEBEDOER L
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1.9~29 uM OERIcH - 7. £ - BE (1962)
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Mick 2 dDEREICEELENSRBICT v E=
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3 15.7 mmol kg day” &LEtHEEN, BT A L=
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HEHHEE, =V 7o EKEoZNLD b 1555
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LD S L, 38 UHFHEIN (Fig. 7). Ok
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THBENSAA 7 405 — BHAK, 2001) &L T
BREST B L 2D,

HBE+ EHEBERTY Y BEOE(L

MBS + EAEERE I > VW TR, TV T 7 EKIED
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ThAt: (Fig.3). =V 77 EKEAMSIT 24.0
mmol day” OIEELE + BEBIEOBEHSE D Sh
tz (Fig. 7). ThicRfHE LTHAk~a vy 7&
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s 5n (Fig. 7), Thid=v 7 oty
OEIEENSEH LT v E =Y AEIKER T
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Fig. 7. Daily nutrient flows in the integrated culture system shown in Fig.1. The numbers in each box rep-
resent nutrient output and uptake amount per day; Upper, ammonium-N; middle, nitrate+nitrite-N;

lower, phosphate-P in mmol day™.
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