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Survival, growth, and maturity of the rainbow trout
Oncorhynchus mykiss reared in deep seawater and surface seawater
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Abstract

We investigated the survival, growth, and maturity of the rainbow trout Oncorhynchus
mykiss reared in deep seawater (DSW) and surface seawater (SSW) pumped from depths of
687 m and 24 m, from Suruga Bay. From November 2006 to April 2007, 52 and 51 fishes
(average body weight, 90 g and 96 g, respectively) were reared in heated DSW at a tempera-
ture of 15°C and in SSW at natural temperature (12-16°C). As a result, the growth rates of the
fishes reared in heated DSW and SSW, were 1.1% and 1.2% per day, respectively, and the
survival rates were 48% and 419%, respectively. From February to April 2007, 32 fishes
(average body weight, 378 g) were reared in DSW at natural temperature (7°C). The growth
rate was 0.0% per day, and the survival rates was 88%. From June 2007, 10 fishes that sur-
vived in heated DSW (average body weight, 671 g) and DSW at natural temperature (average
body weight, 377 g) were reared in heated DSW (15°C). In November 2007, the average body
weight of these fishes was 1.96 kg and 1.29 kg, respectively, and their maturity rates were
71% and 29%, respectively. The fresh meat of mature female fishes was vermilion in color,
but that of mature male fishes was a pale beige color. In April 2008, the maximum body
weight of fish that survived in DSW at natural temperature was 3.42 kg before maturation.
From June 2007, 6 fishes that survived in SSW (average body weight, 883 g) were reared in
SSW. However, all the fishes died by the end of July. Although the techniques for restraining
the maturation of fishes need to be improved, these findings demonstrate the possibility of
rearing large rainbow trout by using DSW.

Key Words: Rainbow trout (Oncorhynchus mykiss), Deep seawater, Survival, Growth,
Maturity
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bow trout Oncorhynchus mykiss and the salinity
in culture water for 14 days from the commence-
ment of the experiment. (B) Daily changes in the
survival rate of rainbow trout Oncorhynchus
mykiss under different seawater from 14 days
(after acclimation) to 162 days. Survival rate was
reintroduced on the base of each number of the
survived fish on the 14th day shown in A. DSW-
A: heated deep seawater, SSW: surface seawater
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Survival, growth and feed performance of rainbow trout Oncorynchus mykiss

reared in deep seawater and surface seawater

Factors DSW-A SSW
Experiment period (Duration) 2006.11. 9- 2006.11. 9-
2007. 4.20 (162) 2007. 4.20 (162)
Rearing water™ FW - Heated DSW FW -SSW
Water flow L/min 0.8~21.0 0.8~21.0
Number of fish reared 52 51
[nitial Body weight** g 90+ 36 96140
Total weight g 4,680 4,871
Number of fish reared 25 21
Final Body weight** g 562+ 278 6811304
Total weight g 14,055 14,297
Water temperature (Average) °C 13.0~15.3 (14.4) 12.2~16.1 (14.3)
Survival rate % 48 41
Amount of feeding g 14,480 14,620
Feed conversion efficiency "’ % 65 65
Daily growth rate*’ %/day 1.1 1.2

*'FW Dechlorinated tap water

Heated DSW Deep seawater pumped from a depth of 687 m in Suruga Bay at a temperature of

15°C

SSW Surface seawater pumped from a depth of 24 m in Suruga Bay at natural temperature

*? Data show means*+S.D.

**Total body weight gain/Amount of feeding X 10*

*"(In (Average final body weight)—In (Average initial body weight))/Days X 10*

Hoto. KiBIFEREKAKXT13.0~153C (F5
14.4°C), EBHE/KXT122~16.1C (F514.3C)
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%L I HOTERSEEFS SRS NS LD -
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tehs, =Dk, BT LIEEKEEH,» -, REBK
XT3, RERMEAE L THAEMCIECBEE»FE
L, B oAEREIIS5%ITET L. WFno
RCRICOARLTRALALEINS XS BEIRE
-t BREOERREIR, ERBKAKXT48%,

KEBKXT41%TH - 12, EEK AKX EXKEE
KX D BREIMERIZ 1.1%/day & 1.2%/day, fi
BRI E BIC65%TH - 7. ABRKRTHOKE
i3, FRBKAKXTIIE62+278 g, REBKXTIZ
681+t304g THYH, HAERBOES>EHIFFICK
&<, MABRXOIREICIFEIICERLZR
B ontimotc (LIRE, P>0.05).
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Table 2. Survival, growth and feed performance of rainbow trout Oncorynchus mykiss reared in deep seawater
and surface seawater in the adult fish rearing experiment for 181 days after the experiment was initiated

Factors DSW-A DSW-B SSwW
Experiment period (Duration) 2007. 6. 1- 2007. 6. 1- 2007. 6. 1-
2007.11.29 (181) 2007.11.29 (181) 2007. 7.25 (54)
Rearing water"' Heated DSW Heated DSW SSW
Number of fish reared 10 10 6
Initial Body weight™* g 671+541 377187 883+520
Total weight g 6,708 3,767 5,296
Number of fish reared 7 7 0
Final Body weight “* g 1,960+946 1290+ 754 -
Total weight g 13,740 9,000 -
Water temperature (Average) °C 14.4~16.6 (15.2) 14.4~16.6 (15.3) 18.2~22.4 (19.9)
Survival rate % 70 70 0
Amount of feeding g 12,862 9,568 1,823
Feed conversion efficiency "' % 55 55 -
Daily growth rate"’ % /day 0.6 0.7 -

*'See the foot note of Tablel
**Data show means*S.D.
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9A F TIRERGSEEIBEINLY, 10 A5
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F150kg Ll o6 Bh 5 BOABFA L TWicoicxt
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Table 4 12, BEIR{EA D ERIFEL & IIHEAR D RIEHRE
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K, E9UPE 3 58.5~61.1 mg DEIFICH - 7-.

Table 5 i, 2007 £ 11 A 29 BRI OEKED
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BEORERRERL 2. EREK A XD D HE
K12 2008 £ 6 A 10 A% THE L 72 3MEE JIRE
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EX10%) 1328%Th 7. EREBKBXD 2007
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Table 3. Appearance of mature fishes of rainbow trout Oncorynchus mykiss reared in deep seawater

DSW-A DSW-B
No Body weigh Mature fish Immature fish Body weigh Mature fish Immature fish
(kg) Male Female Male Female (kg) Male Female Male Female
1 3.35 O 2.33 o
2 2.76 O 1.92 o
3 2.26 O 1.55 ®
4 1.89 O 1.50 ok
5 1.54 o 0.80 O
6 1.50 O 0.74 O
7 0.44 O 0.16 O
Average 1.96 1.29
. 71 29 29 71
(%)
29 43 14 14 29 0

*'Sex was confirmed by the anatomy on the death day

*Sex was uncertain

Table 4. Characteristics of eggs of the rainbow trout Oncorynchus mykiss
matured in deep seawater

No*! DSW-A3 DSW-A4 DSW-A6
Sampling date 2007.11.30 2007.11.30 2007.11.30
Body weight kg 2.26 1.89 1.50
Number of eggs 4,650 2,730 2,060
Average egg weight mg 61.1 585 59.3
Total egg weight g 284 160 122

*‘'Individual numbers were same as Table. 3.

Table 5. Changes in the body weight of rainbow trout Oncorynchus mykiss reared in deep seawater in the adult
fish rearing experiment after 181 days and the fork length and gonad weight of dead fishes

2007.11.29 2008. 4.26 Dead Fish
Factors Body Body Body Fork Gonad GSI*? Remarks
No*'  weight weight Date weight length Sex*?* weight CF*
(kg) (kg) (kg) (cm) (g) (%)

1 3.35 2.76 2008. 6.10 2.08 54.0 M ND*® 13.2 Maaturity confirmed
DSW-A 5 1.54 1.17 2008. 829 0.73 442 F 1 0.2 8.4 in Nov. 2007

7 0.44 1.49 2008. 7.18 1.94 49.0 M 52 2.8 16.5

1 2.33 3.42 2008.11.10 2.20 58.1 F 304 16.0 11.2  Maaturity confirmed
bswp 2 1.92 1.44 2008. 7.12 0.84 489 F 133 189 7.2 inFeb.2008

4 1.50 - 2007.12.11 1.39 45.2 Tr*¢ 15.1

6 0.74 0.93 2008. 4.28 0.93 42.0 Tr-® 12.6

*!'Individual numbers were same as Table 3.
*?F-Female, M-Male

*3Gonado-somatic index: Gonad weight/Body weightx10*
**Condition factor: Body weight (g)/(Fork length) 3 xX10°

**No data
*Trace (less than 1 g)
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Fig. 2.

Outlook of rainbow trouts (top) and their meats (bottom) in threc culture experiments. (A) Fish reared in

heated deep seawater at a temperature of 15°C during 5 months. (B) Fish reared in surface seawater during
5 months. (C) Fish reared in deep scawater at a temperature of 7°C during 3 months.

Fig. 3. Matured female (A) and male (B) rainbow trout (top) reared in heated deep seawater at a temperature of
15°C during 12 months (24-month-old) and their meats (bottom).
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