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Abstract

Goldfish Carassius auratus, coho salmon Oncorhynchus kisutch, red seabream Pagrus major, and Jap-
anese flounder Paralichthys olivaceus were fed a diet containing crushed dried ascidian Halocynthia
roretzi tunics (shells) mixed with a commercial feed at a dry weight ratio of 20% (daily feeding amount:
2% of body weight) for 4 weeks to examine the effects of adding ascidian shells to the diet. For each fish
species, there were no statistically significant differences in body weight or body length between the
control group fed a standard diet and the group fed the ascidian shell-supplemented diet. However, the
coefficient of variation for body weight (0.43) was large in coho salmon fed the ascidian shell supple-
mented diet, and condition factor, hepatic tissue weight, and hepatic tissue-to-body weight ratio were
significantly reduced in red seabream fed the same diet, and hepatic tissue weight was significantly
reduced in Japanese flounder fed the same diet. Next, goldfish and coho salmon juveniles were fed a diet
containing crushed dried ascidian shells mixed with a commercial diet at dry weight ratios of 0 (con-
trol), 10, 20, or 50% (daily feeding amount: 2% of body weight) for 4 weeks. In both species, the addition
of ascidian shells had no effect on hepatic tissue and spleen weights, red blood cell counts, plasma alanine
aminotransferase (ALT) and alkaline phosphatase (ALP) and DPPH-anti-oxidant activities. However,
in coho salmon, feeding ascidian shell diet significantly increased the coefficient of variation of body
weight and hepatopancreas weight. Goldfish receiving 50% ascidian shell and coho salmon receiving 20%
or more ascidian shells showed increased intestinal water retention and altered intestinal microflora.
These results suggest that while adding crushed ascidian shells to diets can be effective in conserving
fish meal in some fish species, excessive intake may have negative effects on energy storage and phys-
iological activity in many carnivorous fish species.
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Table 1 Bacterial composition in rearing water (%)
Rearing water of goldfish  Rearing water of coho salmon
Acinetobacter spp. 3.1 2.6
Aeromonas spp. 41.9 37.4
Bacillus spp. 20 0.2
Enterobacteriaceae 4.6 4.2
Flavobacterium spp. 1.6 0.9
Moraxella spp. 1.7 0.4
Pseudomonas spp. 72 11.8
Streptococcus spp. 0.1 0.0
Vibrio spp. 5.6 6.8
Others 322 35.7

Data are given as mean value (n=3).
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Table 2 Body weight, body length, condition factor, hepatic tissue and spleen weights, and the relative weights of these
organs to body weight (organ weight x 100/body weight) of various fish species fed diets containing 20% crushed

crushed ascidian tunic (shell)

Ralative weight of

Body weight (g)

Body length (mm) CF

Hepatic tissue (g)

hepatic tissue

Goldfish Control
20% ascidian tunic
Coho salmon Control
20% ascidian tunic
Red seabream Control
20% ascidian tunic
Japanese flounder Control

20% ascidian tunic

5.9+1.45 (0.24)
6.7+1.25 (0.19)
70.5+20.0 (0.28)
64.2+27.7 (0.43)
20.7+3.11 (0.15)
23.1+4.06 (0.19]
5.9+0.97 (0.17)
5.0+1.19 [0.24])

55+3.6 [0.07)
58+4.78 (0.08)
172+14.7 (0.09]
170+£17.9 (0.11]
91+5.4 (0.06)
91+6.3 (0.07]

79+4.5 (0.06]

78+7.5 (0.10]

34+5.0 (0.15)
34+6.1 (0.18)
14+1.0 (0.08)
13+1.2 (0.10)
3142.7 (0.09]
28+3.7 (0.13)*
12+0.4 0.03)
10+1.4 (0.14)

0.096+0.226 [0.24]
0.091+0.020 (0.22]
1.25+0.468 [0.38)
0.86+0.31 (0.36)
0.37+0.070 (0.19]
0.29+0.062 [0.22)*
0.048+0.007 (0.14)
0.036+0.007 [0.20]*

1.65+0.420 [0.25)
1.38+0.238 0.17]
1.80+0.621 [0.35]
1.39+0.321 [0.23]
1.60+0.106 [0.07]
1.42+0.241 [0.17)*
0.83+0082 (0.21]

0.72+0.124 [0.17]

Data are given as mean=S.D., n=7 (Japanese flounder), 8 (coho salmon) and 10 (goldfish and red seabream).

The numbers in parentheses represent the coefficient of variation.
*: Significant difference from the control (p<0.05)
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Table 3 Body weight and condition factor of goldfish and coho salmon fed
diets containing various contents of crushed ascidian tunic

Body weight (g)

Condition factor

Goldfish Control
10% ascidian tunic
20% ascidian tunic

50% ascidian tunic

Control

10% ascidian tunic
20% ascidian tunic
50% ascidian tunic

Coho salmon

9.120.83 [ 9.1]
8.9+2.19 [24.6]

9.9+1.45 [14.8]
9.3+0.78 [ 8.4]

69.3£9.29 [13.4)
68.5+28.9 [(42.2]
70.3+40.6 [57.7)
63.6:48.6 (76.4]

27+1.0 [4.0)
28+4.0 (14.3]
31+4.1 (13.3]
29403 [1.1]

13.9+0.86 [ 6.1]
11.8+3.14 [26.7]
12.7+0.89 [ 7.0]
10.7+2.06 [19.2]

Data are given as mean+S.D., n=8.

The numbers in parentheses represent the coefficient of variation.

Table 4 Weights of hepatic tissue and spleen of goldfish and coho salmon fed diets containing various concentrations of
crushed ascidian tunic, and the relative weights of these organs to the body (organ weight X 100/body weight)

Hepatic tissue (g)

Relative weight of
hapatic tissue (HSI)

Spleen (g)

Ralative weight of
spleen (SSI)

Goldfish Control 0.101+0.0070 (0.07)
10% ascidian tunic 0.19540.0816 [0.42)
20% ascidian tunic 0.225+0.0816 [0.36]
50% ascidian tunic 0.159+0.0064 [0.04]

Coho salmon  Control 1.42+0.419 [0.30]

0.86+0.704 [0.82)
0.78+0.465 [0.59]
0.62+0.433 [0.70]

10% ascidian tunic
20% ascidian tunic
50% ascidian tunic

1.20+0.191 [0.16)
2.26+0.941 [0.42)
1.84+0.343 [0.19]
1.64+0.102 [0.06]

2.16+0.616 [0.29]
1.34+0.553 [0.41]

1.1140.085 (0.08)"

0.076+0.0146 (0.19]
0.040+0.0109 (0.27]
0.067+0.0116 (0.17)
0.089+0.0007 (0.09]

0.408+0.0260 (0.06]
0.370+0.4432 (1.20]
0.255+0.2843 (1.18)

0.82+0.090 [0.11]
0.46+0.112  [0.24)"

0.66+0.012  [0.02)"
0.90+0.068  [0.08]

0.63+0.074 [0.12]
1.26+1.884 [1.49)

1.0140.243 [0.24)" 0.191+0.1545 (0.81)

0.29+0.148 (0.50]"
0.3040.127 (0.42)"

Data are given as mean=S.D., n=4.

The numbers in parentheses represent the coefficient of variation.

*: Significant difference from the control (p<0.05)
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Table 5 The number of red blood cells, plasma DPPH anti-oxidant activity, ALT and ALP activities of goldfish and coho
salmon fed diets containing various contents of crushed ascidian tunic

RBC (x10*/uL)

Plasma DPPH anti-oxydant
activity (Trolox mmol/L)

Plasma ALT activity (IU/L) Plasma ALP activity (IU/L)

Goldfish 90+9.9 [0.11)
96+11.0  [0.12)
89+15.0 (0.17)

89+14.2 [0.16]

Control

10% ascidian tunic
20% ascidian tunic
50% ascidian tunic

105+12.7 0.12)
108£16.1 (0.15]
108+20.6 0.19]
102+ 8.7 0.09]

Control

10% ascidian tunic
20% ascidian tunic
50% ascidian tunic

Coho salmon

0.2120.202 0.96]
0.28+0.079 0.28)
0.24+0.239 (1.01)
0.12+0.052 0.43)

0.23+0.054 (0.24)
0.27+0.030 0.11)
0.29+0.022 [0.08]
0.21+0.028 0.13)

328+203.1 (0.62)
444+118.9 (0.27)
501+108.4 [0.22)
422+70.2 (0.17)

1.29+1.144 (0.88)
0.99+0.207 (0.21]
1.88+1.986 [1.06)
0.61+0.285 (0.46)

253+ 93.4 [0.37)
227+ 64.5 [0.28)
246+ 56.3 (0.23)
467+256.0 (0.55)

0.49+0.382 0.79)
0.43£0.411 [0.96)
0.28+0.227 (0.81)
0.34+0.287 [0.84)

Data are given as meanS.D., n=4.

The numbers in parentheses represent the coefficient of variation..

100% =T

ion of various i
bacteria

Control 1 Control 2 10% 10% 20% 20% 50% 50%
ascidian ascidian ascidian ascidian ascidian ascidian
tunicate 1tunicate 2tunicate 1tunicate 2tunicate 1tunicate 2

C

O Flavobacterium
OPseudomonas
O Bacteroides

B Aeromonas @ Vibrio

iaceae DAci

O Moraxella O Streptococcus
O Others

= (b)

100%

of various
bacteria

B

]

X

> 0%
S Control 1 Control 2 10% 10% 20% 20% 50% 50%
ascidian ascidian ascidian ascldlan ascldlan ascldlan
tunicate 1tunicate i 2

Fig. 1 Intestinal tract flora of goldfish (a) and coho salmon
(b) fed diets containing various contents of crushed
ascidian tunic

Data are presented as the mean value of three fish from each

group.
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