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Analysis of Catches of Halfbeak Hyporhamphus sajori

by Two-Boat Seine in Ishikawa Prefecture *'

Tsutomu Sadakata, *? Toshihiro Tsuji, *2 and Takafumi Shikata x2

The variations in the stock size of halfbeak Hyporhamphus sajori in the waters off Noto
Peninsula were analyzed by using the data of the catches by two-boat seine in Ishikawa Prefecture
between 1964 and 1996. The most characteristic variations in the stock size was the repeat of rise
and fall. Halfbeak matures and dies just after spawning in two years. Therefore, the periodic
fluctuation of stock size was likely for the reason that the adjoining year classes have small chance
to closshreed each other. The repeat of rise and fall in the stock size was sometimes reversed by the
changes in environmental conditions. However, the progressive decline of the catches from 1993 to
1996 could not be explained by the changes'in environmental conditions. On the other hand, the

fishing ground was extended to the offshore in the

middle of 1980’ s. Therefore, the recent decrease -

in the stock size was probably due to the increase in the fishing pressure by the extension of fishing

ground. _
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Table 1. Annual changes in nimber of operating boats, fishing days, ahd catch by two-boat seine

No. of Fishing (B) Catch Catch No. of Fishing (B) Catch  * Catch
Year operating d(egs e in per day | Year operating days i in per day
hoats(A) ) (A) ton in Kg boats(A) } (A) ton in Kg
1964 12 635 52.9 8 12.6 1981 - - - 233 -
1965 18 1,269 70.5 24 18.9 1982 — - - 189 -
1966 66 2,393 . %6.2 45 18.8 1983 192 2,081 17.3 222 79.2
1967 19 915 48.2 51 55.7 1984 - 157 2,280 14.5 - 146 64.0
1568 18 811 45.0 61 75.2 1685 148 2,652 17.9 210 79.2
1969 54 1,618 30.0 62 38.3 1986 149 3,560 23.9 253 71.1
1970 83 1,765 21.3 65 36.8 1987 181 3,500 19.3 229 65.4
1971 125 2,518 206 101 39.2 1988 177 3,349 18.9 239 71.4
1972 132 2,489 18.8 167 67.1 1989 139 3,739 26.9 244 65.2
1973 - - ’ - 106 - 1990 130 4,303 33.1 354 82.3
1974 - - - 98 - 1991 121 3,645 30.1 224 61.4
1975 - - - 156 - 1992 110 4,020 36.5 292 72.6
1976 - - - 164 - 1993 121 4,008 33.1 258 64.6
1977 - - - 234 - 1994 113 3,606 31.9 237 65.7
1978 - - - 309 (- 1995 124 - 3,050 24.6 167 5.8
1979 - - - 612 - 1996 o9 2,618 26.4 108 41.2
1980 - — - 183 —
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Fig.1. Annual changes in catch, fishing days, and catch per
day. :
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Fig. 2. Localities of statistical division in Ishikawa
Prefecture. ‘
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Fig. 3. Annual chanées in catch by locality.
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Table 2. Monthly changes on catch by two-boat seine (Unit:ton)
Year Jan. Feb. Mar. Apr. May Jun. Jul Aug Sep. Oct. Nov. Dec /Ff\?;nmj ?31 tt%]l!jgc. Flt-g"f)gg_n'
1974 13 12 33 22 15 1 0 0 0 1 0 1 9%,/ 2 98
1875 1 2 7 46 21 5 0 0 0 2 44 28 82/ 14 156
1976 8 21 3 47 35 2 3 5 10 4 27 g 116,/ 48 164
1977 2 1 2 99 93 1 0 0 3 7 49 30 198/ 96 294
1978 1 1 2 1 45 2 0 1 80 8 97 78 1227187 309
1979 22 28 16 89 75 M 12 9 0 99 107 61 244 7368 612
1980 1 1 2 102 53 0 0 0 0 0 15 9 1597 24 183
1981 0 0 15 4 21 0 0 0 0 5 108 40 80,7153 233
1982 0 0 10 55 32 0 0 0 0 12 59 21 97/ 92 189
1983 [0 0 2 68 44 0 0 0 0 1 88 16 114,7105 219
1984 0 0 0 22 M 0 0 0 0 15 51 24 56,7 90 146
1985 0 0 13 102 - o4 0 0 0 0 9 11 12 179,/ 32 211
1986 0 0 12 116 86 0 0 0 0 4 10 28 2147 42 256
1987 0 1 14 73 b6 0 0 0 0 9 39 37 1447 85 229
1988 0 0 12 72 75 2 0 0 [ 4 43 32 1617 79 240
1989 0 0 32 64 37 1 0 0 0 5 50 55 1347110 244
1990 ¢ 0 45 144 131 1 0 0 0 5 16 12 3217 33 354
1991 0 0 27 109 53 0 0 0 0 5 18 12 189,/ 35 224
1992 0 0 54 112 102 i 0 0. 0 - 2 10 11 269,/ 23 292
1993 ¢ 0 85 47 97 3 ] 0 0 2 12 16 229/ 30 259
1994 0 0 58 90 65 1 0 0 0 1 14 9 214,/ 24 238
1995 0 0 35 76 29 0 0 0 0 0 19 8 1407 27 167
1996 0 0 39 24 15 1 0 0 0 0 14 - 15 79/ 29 108
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Fig. 4. quthly changes in catch by years.
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Fig. 5. Annual changes in catch at spring and autumn season.
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Fig. 8. Relationships Between fishing days, catch per day,

and total catch. Numerals indicate fishing year.
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Statistical Analysis of Factors Affecting the Unit Price of Flathead Flounder

Yoichi Ohashi *

The factors affecting the unit price of flathead flounder Hippoglossoides dubius are important
to understand so that we can utilize this resource rationally. The relationship of the unit price of
flathead flounder, landed at the Kanazawa Fish Market, to its body length and its catch quantity
was surveyed statistically. The correlations between the unit price and the body length or the catch
quantity were both statistically significant. The catch quantity was not that of the Kanazawa Fish
Market only but that of a total of 10 markets in Ishikawa Prefecture, and was also not that of a'single
day but that of the past 10 days. The equation obtained by regression analysis is: '

Y =9.18372(x — 219.579) + (— 0.03432 - C + 1841.20) |
where Y, x, and C are unit price (yen / kg), body length (mm), and catch quantity (kg) of 10 days at
10 markets in Ishikawa Prefecture, respectively. This equation can be apphed to predlct the landed
value after the managed fishing of flathead flounder. - _ ,
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Fig. 1. Relationship between body length and unit price in flathead flounders landed at the

Kanazawa Fish Market

Table 1. Regression equations for the unit bﬁce of flathead flounder on its body length.

* . significant at 5% level,

** . signifcant at 1%. level.

Month Regression coefficient Intercept _ Correlation coefficient
May : 10,5519 —1650.25 0.985386**
Jun. 9.4858 —087.35 0.894614*
Oct. ‘ 8.6605 —765.72 o 0.967630**
~ Nov. 4.2029 —87.73 0.984106*
Dec. 13.9646 —1578.43 0.930392*
Jan. - ) 7.5368 —633.64 : 0.954046*
Feb. 10.6063 —1473.48 0.957675*
Mar. 13.9010 —~2103.23 0.947920*
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in the unit price of flathead flounder calculated by the
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length : 219.579mm
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Fig .2. Relationship between catch and unit price in flathead flounders.
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Table 4. Regression equations for the unit price of flathead flounder on its catch in the unit periods.

*: significant at 5% level.

L1

: significant at 1% level.

“Correlation coefficient

Name of market  Unit period of catch (day) Regression coefficient lntemept
' 1 -0.08933 1119.98 0.260750
3 —0.11552 1198.49 0.317465
Kanazawa 5 ©=0.15176 - 1340.73 - 0.538239
' 10 - =0.09233 1321.62 0.395242
20 —(.04748 1341.26 0.644829
30 —0.03900 1406.85 0.626053
1 -0.03426 1214.44 0.380580
3 —0.02226 1272.84 - 0.445866
10 markets 5 —0.02358 1428.61 0.795059*
10 —0.03432 1841.20 0.961945**
20 -0.01148 1520.97 0.831632"
30 —0.00722 1494.39 0.785652*

Table 5. Result of multiple regression analysis for the unit price of ﬂafhead flounder on 10 days catch of flathead flounder.
1/10 days catches of snow crab, and 1/10 days landed values except flathead flounder by Danish seine fishermen
F Catch of flathead flounder, C : Catch of snow crab, V : Landed value by Danish seine flshermen :

*: significant at 1% level.

F-10days C-lday " V-lday C-10days V-10days
Partial regression coefficient - ~0.037417 0.056835 —0.000003 —~0.007279 - =—0.000001
11.5651%* 2.9823 1.2214 2.0613 2.1063

t-value

Correlation coefficient

00 1 1 )
0 10 20 30

Unit period of catch (day)

' Fig. 3. Changes in correlation coefficients between the unit
price of flathead flounder and its catch quantity in unit
periods. O:10 markets, @ : Kanazawa Fish Market,
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Selection of Byéatch of Juvenile Fish in Set-net with Selector

Takahiko Ikemori and Yoichi Ohashi. *

There are approximately 300 set-nets in Toyama Bay off Ishikawa Prefecture. Small mesh size
nets (about 20 mm in streched size) are commonly used in bag-net. Therefore a number of juvenile
fish are sometimes caught. In order to reduce the capture of juvenile fish, we investigated three types
of sorting methods (slit; mesh; net) and presumed the influence on catch quantity in case of using
selector. The selection range (difference of fork length between 25% and 75% selection) of the slit type
was the shortest of the three. It was estimated that the 50% retention fork length of the red sea bream
Pagrus major by using 20mm slit selector was 130mm, and that the 50% retention fork length of the
jack mackerels Trachrus japonicus by using 15mm slit selector was 136mm. In case of using 20mm
slit selector at the Nanao Public Fish Market for one year, about 6,000 individuals (250kg in weight)
of juvenile red sea breams will avoid the capture. It is only 1.3% decrease of the total landed value.
And in case of using 15mm slit selector at the Notomachi Fishery Cooperation Market for 6 months,
about 4,400,000 individuals (65tons in weight) of juvenile jack mackerels will avoid the capture. It is

only 0.8% decrease of the total landed value.
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Fig. 1. Schematic diagram of three types selector.
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Table 1. Compariscn of selection characteristics of six -
selector for red sea bream

Fork length of -

Ie‘{gcetgi selection ratio (ma) rsa;lgétl(g:x)
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15maSLIT o1 P o ,
20mSLIT b 2 3 2
25mSLIT 175 182 188 0
y H % 107 115 16
71.0saMESH 136 17 157 21

© 125 5aaMESH 250 263 277 27
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Fig. 2. Fork length distributions of red sea bream selected
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Table 2. Companson of selectmn charactenstlcs of five
selector for jack mackerel

Fork length of

gépe& glf selection ragt}on (o) S""g:“(ﬁﬂ)

2%  50% . 75%  (/on-20%)
152eSLIT 131 136 142 1l
20meSLIT 166 174 182 16
25emSLIT 230 240 250 20
58.OueNET 172 197 221 49
58.0mNET AND RING 185 200 215 29
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White bars snow the number of each length class
caught in the selector and black bars show the number
of each length class passed through the selector.
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Table 3. Catch and price influence of red sea bream in case of using 20 mm slit seiector at the Nanao Public Fish Market -

o Month May Jun. Jul. Aug Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. Total
Total catch (number) 2,802 1,174 6,941 3,787 1,571 5,487 4,229 9,459 776 514 1,017 1,484 39,242
Lost by using selector (number) 4 35 320 135 487 2,460 620 1,714 42 31 151 46 6,083
Percenitage of lost 0.5 3.0 47 36 310 450 149 181 54 6.0 149 31 155
Total catch (kg) 1,170 413 1,328 852 343 656 485 1,084 2567 156 353 523 7,590
Lost by using selector (kg) 1 1 15 4 12 100 2 81 2 1 6 2 254
Percentage of lost o 01 063 1.1 ©04 35 153 59 76 08 08 18 04 3.3
Total price (¥1,000) 3216 1,082 2,769 1,82 875 1,208 865 1,825 723 388 961 1,364 17,258
Lost by using selector (¥1,000) 1 1 14 3 8 & 2 T 2 1 6 2 230
0.2 09 69 31 42 03 03 06 02 L3

Percentage of lost : 0.0 0.1 0.5

Table 4. Catch and price influence of jack mackerel in case of usiﬁg 15 tm slit selector at the Notomachi Fishery Cooperation

Market : :
Month "Apr. May Jun. Jul Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Total
Total catch (number/1000) 580 3,075 4,985 56,301 207 i 1,451 563 970 1,213 1,843 307 71,805
Lost by using selector (number/1000) 246 427 1,783 56,301 62 188 1,024 165 718 1,175 1,821 292 64,202
Percentage of lost 42.3 13.9 3_5.8 100.0 30.2 60,7 70.6 29.3 74.0 96.9 98.8 95.2 894
Total catch (tons) : 31 389 359 111 g 14 6h 52 3 14 26 5 1,106
Lost by using selector (tons) 6 10 17 11 -1 2 15 3 13 i2 26 4 222
Percentage of lost . 21.2 2.6 4.8 100.0 14.7 16.6 23.3 4.9 42.3 B9.8 98.0 82.1 20.0
Total price (¥1,000) ‘3,550 148.860 106,054 8,064 434 2,815 18,518 21,221 2,868 1,003 1,767 419 315,581 °
Lost by using selector (31,000) 137 217 331 8,064 56 227 947 188 662 946 1,756 249 13,780
Percentage of lost 3.8 0.1 0.3 100.0 12.9 8.1 5.1 0.9 23.1 944 99.4 59.5 4.4
In case of using 15 mm slit selector for 6 months
Month Apr. May Jun. Jul Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Total
Total catch (number/1000) 580 3,075 4,985 56,301 207 311 1,451 563 970 1,213 1,843 307 71,805
"Lost by using selector {(nutnber/1000) 246 427 1,783 0 0 0 1,024 165 718 0 0 0 4,363
Percentage of lost . 42.3 13.3 %8 00 00 00 706 203 T40 0.0 0.0 0.0 6.1
Total catch (tons) ' ' 31 389 359 11 9 14 66 52 -317 ‘M 26 5 1..106
Lost by using selector (tons) 6 10 17 ¢ 0 0 15 3 3 0 0 0 65
Percentage of lost ‘ . 21,2 26 48 00 00 00 233 49 423 00 00 00 59
Total price (¥1,000) 3,550 148.860 106,054 8,064 434 2,815 18,518 21,221 2,868 1,003 1,767 419 315,581
Lost by using selector (¥1,000) 137 217 kx)} 0 0 0 947 188 662 0 0 0 2.481
Percentage of lost . 3.8 0.1 0.3 0.0 0.0 0.0 5.1 0.9 23.1 0.0 0.0 0.0 0.8
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Improvement of the Danish Seine Cc_)dend to Decrease Discarded Sea Breams

_Noriyuki Okei *

Many small and unmarketable fish were discarded back into the sea after bycatch, because the
Danish seine fishermen in Ishikawa Prefecture used small mesh size codend. In order to decrease
the number of discarded sea breams (Pagrus major, Evynnis japonica and Dentex tumifrons), the
experimental operations were carried out by using three types of the improved Danish seine codends,
which were 56 / 72 mm mesh size connected with 3lmm mesh size. It was concluded that the 56mm
mesh size codend, the end of which was sewed with a rdpe, was effective and practical in respect
of the similarity to the selection made by the fishermen on the deck. This codend decreased the
number of discarded sea breams less than half in comparison with the 3lmm mesh size codend.
Although the decrease of catch of marketable fish is estimated to be about 30%, that of more than
145mm in fork length is estimated to be within 10%. '
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920-8580, Japan) '
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(mesh size 31mm).
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Table 1. Specmﬁ composition of the fishes caught in a series
of experimental operations

Catch
Species name nweight o jn nymber %
Evynnis japonica 384 24.7 16,692  32.3
Pagrus major 259 16.7 8,082 157
Dentex tunifrons . 228 14.7 6,831 13.3
Lepidotorigla spp. 157 10.1 5,431 10.6
Zeus faber 119 7.7 570 11
Thamnaconus equula 72 4.6 850 1.7
- Kaiwarinus equula 56 6 1,319 2.6
Trachurus japomcus ’ 33 2.5 5,739 11.3
‘Others 241 5.4 5,975 11.4
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Fig. 3. Distribution of fork length and mesh selectivity rates for three species, P.major, E.japonica and D.tumifrons caught
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Gray bars show the frequency distribution of the fork length of fishes caught in the codend. Open bars shdw the
frequency distribution of the fork length of fishes caught in the cover net. Filled circles show the mesh selectivity rates.
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Fig. 4. Distribution of fork length and artificial selectivity
rates for three species, P.major, E.japonica and

-D.tumifrons.

Gray bars show the frequency distribution of the fork
length of fishes landed at a fish market. Open bars show
the frequency distribution of the fork length of discarded
fishes, Filled circles show the artificial selectivity rates.

Table 2. 50% selectivity fork length (Lso), selection range
{L7s-25) and selectivity between 50mm and 200mm
(Sso-200) in fork length for three species, Pagrus major,
Evynnis japonica and Dentex tumifrons in each codend

- Species Tipe of Meshsize Lso- L#ms  Sse-200
name codend (mm) {om) (om) (o)
Chrysophrys 1 56 77.4 - 421 79.0
major 72 124.5 56.9 50.3

r 56 106.5 33.2 62.1

72 .146.5 14.8 356

il 5 - 1240 41.2 50.7

72 . 1584 12,1 - 27.8

Eyynnis I 56 66.1 T75.0 78.7
faponica 72 1159 50.0 55.6
i 56 112,0 39.8 58.4

72 162.2 14.9 25.2

| 56 120.2 413 53.1

’ 72 163.3 5.4 24.2
Dentex I 56 48.4 48.9 91.4
tumifrons 72 81.6 38.4 77.2
I 56 90.2 57.2 70.1

72 125.7 56.7 49.8

W 56 94.1 664 67.0

72 121.0 68.5 52.2
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Fig. 5.'. Mesh seléctivity curves of each codends for three

species,

P.major, Ejaponica and  D.tumifrons

represented by logistic equations.
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Table 3. 50% artificial selectivity fork length (Lso) and
selection range (Lw-Les) for three species, P. ma]or
E. ]apomca and D.tumifrons

VMEER R

Specnes name Lso (mm) _ - Lyg-zs (mm)
Chrysophrys major 130.3 . 112
Evynnis japonica 123.8 8.2
Dentex tumifrons 118.0 10.4
E %W
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Fig. 6. Relationships between fork length and body depth
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Effect of Quality of Dietary Protein on Body Composition and
Hepatopancreatic Enzyme Activities in Carp
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In order to investigate the effect of quality of dietary protein on hepatopancreatic etizyme
activities and body component levels in carp Cyprinus carpio, the fish were fed a casein control diet
and five diets containing 12.5% and 25% of gluten and 10%, 20%, and 30% of gelatin for 30 days. The
growth rate and protein efficiency ratio of the fish fed diets containing 12.5% and 25% of gluten and
10% of gelatin were comparable to those of the fish fed the casein control diet, while the growth
performance and apparent protein retention of the fish fed diets containing 20% and 30% of gelatin
were markedly low, indicating insufficiency and unbalance of essential amino acid in both gelatin
diets. Moreover, the hepatopancreatic glycogen content and serum urea level increased with
increasing level of dietary gelatin. However, the activities of hepatopancreatic enzymes relating to
glycolysis, gluconeogenesis, hpogenems and amino acid degradation were scarcely influenced by

dietary treatments.

Key words: carp, dietary protein, carbohydrate fnetabolism, hepatic enzyme

In mammals, the quality of dietary protein affects
several hepatic enzyme activities. For example, it was
shown in rat that dietary gluten, gelatin, and soybean
protein reduced more strongly hepatic lipogenic
enzyme activities than fish protein and casein, !'? and
that pyruvatekinase activity decreased with increasing
level of dietary protein and its reduction was more
remarkable in the animals fed the protein having
higher biological value.® Therefore, there are some
attempts to use enzZyme activity for the evaluation of
protein quality. On the other hand, Cowey ef al?
compared the hepatic gluconeogenic enzyme activities
in rainbow trout fed fish meal, casein, and gluten and
described that those enzyme activities somewhat
reflected the nutritional quality of those proteins.
However, the relationship between protein quality and
hepatic enzyme activity is still unclear in fish.

In recent years, many studies on alternative protein
source for fish meal have been conducted very
actively,® but little attention has been given to the
effect of protein source on the metabolism in fish. In
the present study, therefore, casein, gluten, and gelatin,
which are similarly high in digestibility but different
in nutritive value, were used as dietary protein source,
and their effects on the hepatopancreatic enzyme
activities and body component levels in carp were
mvestlgated :

Materials and Methods

Experimental Diets

Six isonitrogenous and isoenergetic purified diets
were formulated (Table 1). In-diet 1 (control diet),
casein was used as a sole protein source. In diets 2 to
6, 12.5% ,and 25% of gluten and 10%, 20%, and 30% of

gelatin were supplemented to the diets by replacing the
corresponding level of casein in the control diet. All
ingredients were mixed well with water and were made
into pellets of 3 mm in diameter. All diets were stored
in a freezer at — 30 “C. The contents of crude protein,
crude sugar, and crude fat in the diets were ca. 42%, 34%,
and 3%, respectlvely .

- The essential amino acid (EAA) composmon of the
protein sources is shown in Table 2. Since whole egg
protein has a high nutritive value for many fishes, its
amino acid composition is also shown for reference.
Casein was low in sulfur containing amino acids
(methionine and cystine) and arginine compared with

- whole egg protein, On the other hand, gluten contained

more sulfur containing amino acids than casein, and
gelatin was rich in arginine, while both protein sources
were poorin the other essential amino acids. Therefore,
total EAA content in the diets decreased with
increasing level of gluten and gelatin (Table 3), while
the content and A / E ratio of sulfur containing amino
acids and arginine were increased by dietary

‘supplementation with gluten and gelatin.

Fish and Feeding Methods
Yearling carp Cyprinus carpio purchased from a fish

farmer in Nankoku City were reared on a commercial

diet until used in the Freshwater Feeding Room, Kochi
Unijversity. Then the fish were placed into 150 ! fiber
reinforced plastic aquaria containing aerated water.
After one week of acclimation period, the fish
averaging 41.2 g were divided into 6 groups of 17 fish
each, and they were fed each test diet twice a day at the
same daily feeding rate (1.61 ~ 1.71%). Unfiltered well
water was supplied at a rate of approximately 2 I/min.
The feeding trial was conducted for 30 days from May
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" Table 1. Formulat_ion and proximafte composition of experimental diets (%)

Diet ; 1 2 3 ' 4 5 6

Protein : “. " Casein Gluten © Gelatin

Level : : 12.5% 25% 10% 20% 30%

Casein *! ‘ 45.0 Mo 23.0 34.0 23.0 12.0

Wheat gluten *2 . 12.5 25.0 . -

Gelatin *? , 10.0 20.0 - 30.0

Carbohydrate mixture ** 35.0 34.0 33.0 35.0 35.0 35.0
- Cellulose 7.0 6.5 6.0 8.0 .80 - - 100

Others *# ' 13.0 13.0 13.0 13.0 13.0 13.0

Nutrient on dry matter basis

Crude protein - 40.3 41.9 41.6 43.6 43.5 44.5

Crude sugar 33.7 34.3 34.7 33.6 3.2 H.7

Crude fat 3.1 3.8 4.6 3.0 . 3.1 2.7

Energy (kcal/kg) *® 3240 3350 3450 3370 3400 3430

*! Vitamin free casein, ICN Biochemicals, Ltd. )
*2 Wheat gluten, Wako Pure Chemical Industries, Ltd.
*3 Bacto-gelatin, Difco Laboratories.

*4 Dextrin: o -starch=1:1.

*© QOthers (% in diet). pollack liver oil, 5; Halver's™ vitamin mixture, 3; Ogino’s™ mineral mixture, 5. _

*% Digestible energy (kcal/g): protein, 4.5; fat, 8.0; sugar, 35.

Table 2. Essential amino acid composition of casein, gluten,
gelatin, and whole egg (% in protein)

Protein : Casein Gluten Gelatin Wel&gle
Threonine 4.60 2.57 1.58 4.64
Valine 6.50 3.8 2.73 6.56
Methionine+Cysteine 3.92 4.64 1.06 6.08
Isoleucine 5.10 3.3 - 1.17 5.28
Leucine 9.88 6.80 0.97 8.48
Phenylalanine+ Tyrosine 11.15 8.00 2.7 8.96
Lysine 8.40 1.65 3.64 7.04
Histidine 2.9 2.10 0.93 2.56
Arginine 3.8 3.42 7.80 6.40
Tryptophan . 1.3 0.98 0.02 1.60
Total 57.74 37.38 2261 57.60

25, 1993 . Water temperature was in the range of 169 ~
179°C.

Analytical Methods _ '

The fish were weighed every 10 days, and the weight
gain and feed efficiency were calculated. At 15t0 17 h
after the last feeding, five fish were sampled from each
group, and the blood was taken from the caudal vein
for analysis of serum components. Then the fish were
sacrificed, and the hepatopancreas was removed,
weighed, individually frozen in liquid nitrogen, and
stored in a freezer at — 80 C until used for enzyme
analysis. . '

The hepatopancreas was homogenized with 9
volumes of cold water by a Physcotron homogenizer
(Nition Co., Ltd., NS-50) and centrifuged at 5,000 rpm
for 10 min at 4 C. The supernatant was used to analyze
the following enzymes: glucose6-phosphatase
(G6Pase, EC 3.1.39) ; fructose-16-diphosphatase
(FDPase, EC 3.1.3.11) ; phosphofructokinase (PFK, EC
27111) ; pyruvate kinase (PK, EC 27140) ;
glucose6-phosphate dehydrogenase (G6PDH, EC
1.1.1.49) ; phosphogluconate dehydrogenase (PGDH, EC
11.1.44) ; NADP-dependent malate dehydrogenase

(NADP-MDH, EC 1.1.1.40) ; NADP-dependent isocitrate
dehydrogenase (NADP-ICDH, EC 1.1.1.42) ; aspartate
aminotransferase (Asp-AT, EC 26.1.1) ; alanine
aminotransferase (Ala-AT, EC 26.1.2) ; and arginase
(EC 3. 5. 3. 1). The enzyme activities were assayed by
the methods described previously. *® Serum glucose,
total protein, urea, free fatty acid, triglyceride,
phospholipid, and cholesterol levels were determined
with Wako kits (Wako Pure Chemical Industries, Ltd.), -
and serum free amino acid level was determined by the
method of Goodwin. ' The proximate composition of
hepatopancreas and whole body was assayed by
ordindry methods. The total sugar level in whole body
and diets was assayed by the phenol-sulfuric acid
method. '® The hepatopancreatic glycogen level was
determined by the methods of Carroll et al'®
Statistical analysis of the serum component levels and
enzyme activities was done by the Student's ftest.

Results

Growth Performance and Body Composition

The weight gain and protein efficiency ratio (PER) of
the fish fed diets 2, 3, and 4 were comparable to those
of the fish fed the control diet (diet 1), while the fish fed
diets containing higher level of gelatin (diets 5 and 6)
showed low growth performance (Table 4).

In the hepatopancreas, the glycogen content
markedly increased with increasing level of dietary
gluten and gelatin, while conversely the protein content
slightly decreased (Fig. 1). The whole body protein -
content was slightly high in the fish fed the gelatin diets
(diets 4, 5, and 6). Based on the results of feed intake,
weight gain, and the proximate analyses of whole body
and diets, the apparent retentions of protein and
energy were calculated (Table 4). The protein and
energy retentions were similarly high in the fish fed
diets 1, 2, 3, and 4, while they decreased in the fish fed

‘diets 5 and 6. K
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Table 3. Essential amino acid composition of experimental diets (% in protein)

Diet : | 1 2 3 4 s 6
Protein : ‘ : Casein -~ Gluten ‘ Gelatin

Level : ' 125% 25% 10% 20% 30%
Threonine ‘ ‘ 4.60( 80)*  4.10( 78  3.60( 75) 3.86( 79) 3.12( 1) 2.38( 75)
Valine 6.50(113) 5.85(111) 5.21{109) 5.88(114) ~ 4.65(115) 3.73(11n
Methmnme+CySteme 3.92( 68) 4.10(78)  4.27( 89) 3.22( 66) 2.52( 62) 1.82( 57)
Isoleucine 5.10( 88) 4.67( 89) 4.25( 89) 4.14( 84) 3.18( 78) 2.21¢ 69)
Leucine 9.88(171) 9.12(173) 8.37(175) 7.70(157) 5.52(136) 3.34(105)
Phenylalanine+ Tyrosine 11.15(193) 10.37(197) 9.60(201) 9.08(185) 7.02(173) 4.96(155)
Lysine 8.40(146) .  6.74(128) 5.09(107) 7.23(147) 6.07(150) 4.91(154)
Histidine - 2.99( 52) 2.77( 53) 2.55( 53) 2.48( 51) ~ 1.98( 49) 1.48( 46)
Arginine 3.85( 67) 3.74( 1) 3.64( 76) 4.81( 98) 5.78(143) 6.74(211)
Tryptophan . 1.35( 23) 1.26( 24) 1.17( 25) 1.03( 21 0.70( 17) 0.37( 12)
Total : 57.74 52.72 47.75 49.13 40.54 31.94

* Numbers in parentheses indicate A/E ratio (1000 X amino acid/total essential amino acid).

Table 4. Growth performance and apparent retentions of the fish fed test diets for 30 days

Diet : o 1 2 ’ 3 4 .5 6
Protein : - oo Casein Gluten Gelatin’
Level : : 125% - 25% 10% 20% 30%
Daily feeding rate (%) ** 1.64 1.64° 164 "6 1.65 1.711
Initial body weight (g) 41.1 41.1 41.1 41.3 - 40.5 41.1
Final body weight (g) 66.8 69.5 68.1 69.3 62.1 57.0
Average weight gam (g) 25.7 28.4 27.0 28.0 21.6 15.9
Feed efficiency %) * 97.3 104 101 105 85.2 63.4
Protein efficiency ratio *? 2.42 2.55 2.42 2.41 1.9 1.42
Apparent protein retention (%) 35.9 33.7 3.6 36.0 361 24.3
Apparent energy retention o * 57.5 54.0 54.4 54.6 46.7 38.5
*1 100 Dry diet fed (g)/100g body weight/day.
*2 100x Weight gain (2)/dry diet fed (2).
"‘3 Weight gain (g)/protein fed (g).
100X Natrient deposited )/ nutrient fed @) Hepatopancreatic Enzymes and Serum Components
The results of hepatopancreatic enzyme activities
18 ' . MCrude pratein d t levels were summarized in
1] Hepatopancreas O Crude fat and serum componen s w
‘ Table 5. Of the enzyme activities assayed, Ala-AT
. activity showed a tendency to decrease with i 1ncreasmg
& level of dietary gluten or gelatin. However, there was
‘;: no remarkable difference in the other enzyme
g activities. The serum urea level significantly increased
“ with increasing level of dietary gelatin. On the other
hand, triglyceride, phospholipid, and cholesterol levels
were slightly low in the fish fed diets 5 and 6. The other
serum component levels did not show a consistent
2 , response to dietary treatments.
. Whole body 8 Crude protein ' '
D Crude fat DiSCUSSiOH
18 : W Total sugar
2 Generally, casein has a high nutritive value, but
E * sulfur containing amino acids and arginine are slightly
. 5 insufficient. Conversely, gluten contains more sulfur

containing amino acids than casein, and gelatin is rich
in arginine. Therefore, the shortage of sulfur
containing amino acids and arginine in casein can be
compensated for by gluten and gelatin. In this
experiment, total EAA content of diets containing 12. 5%
Diet and 25% of gluten and 10% of gelatin was lower than

Fig. 1. Proximate composition of the fish fed test diets for  that of the control diet, while the growth rate and PER
30 days. Samples were pooled forG(hepatopancreas) and  of the fish fed these three diets were comparable to

3 (whole body) fish. those of the fish fed the control diet. This result
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Table 5. Hepatopancreatic enzyme activities and serum component levels of the fish fed test diets for 30 days

Diet ; ' ' 1 ' 2 3 4 5 6
Protein : Casein . Gluten ' Gelatin
Level : 12.5% 25% 10% 20% 30%
Hepatopancreatic enzyme : : : o
G6PDH ‘ 209+18%' 225148 212+42 207+32 197 £41 190:£46
PGDH : 62.5+7.1 63.0+11.9 57.0x12.7 64.2+8.9 57.7+13.9 56.7+11.8
NADP-MDH 16123 159+ 13 149123 - 132129 157428 15118
NADP-ICDH - 120x21 129+ 13 11511 114x11 115+ 14 104213
PFK . 43.11£6.3 46.7+8.0 43.616.1 53.2+7.6 47.147.8 50.1+4.3
PK . - 54.5+23.9 47.4%5.5 45.2x1.1 51.6x14.4 52.6x8.7 63.7122.8
G6Pase _ 13.7x1.0 12.1+1.8 14.9+1.6 11.8+2.3 12,4+£3.6 - 13.2x2.2
FDPase ’ ‘ 8.73%1.36 9.63+1.62  9.53%1.04 10.8+0.9t*% 8.23+]1.54  8.0812.52
Asp-AT ' 73.1£9.0 93.8+18.8 82.0£12.7 83.9+9.3 79.017.0 72.6x14.3
Ala-AT ‘ Co1ex11 10.6x+1.4 9.82+0.87% - 10.0+3.2 8.34+1.931t 8.30x2.01%
Arginase 7.93+1.55 10.2+£2.4 9.57+0.71 8.98:+1.41 8.28+41.50 7.72£1.30
Serum component ‘ -
Glucose (mg/100m/ } 44.1+8.5 44.6+8.3 33.9+6.9 31.8x7.1% 42.2x12.1 41.6x11.8
Triglyceride (mg/100m/ ) 434+139 352145 436+ 102 606+ 221 284101 333160
Cholesterol (mg/100m/ ) 206+37 184420 210123 224+66 172+27 185+ 10
Phospholipid (mg/100m/ ) 609181 620+ 49 73177 700:£111 55297 58863
Free fatty acid (mEq/1000m{) 0.641%0.210  0.4131+0.097 0.476+0.071 0.731£0.146 0.587+0.070 0.536x0.128
Free amino acid (mg-N/100m/ ) 14.9+2.3 14.8+3.9 17.0£2.6 ~ 11.8x1.9% 11.61£4.3 14.71+1.8
Total protein (g/100m!) 2.5610.33 2.49+0.i6  2.48%0.23 2.311£0.29 2.3%10.22  2.38+0.16
Urea (mg-N/100m/ ) 5.32£0.90  4.33£0.46 3.92+0.82% 4.58+0.56 6.71£2.33 10.3+2.34

*1 Enzyme activities are expressed as umol of substrate or coenzyme converted per min per hepatopancreas per 100g body weight.

Values are means*SD for 5 fish.

*? Significant differences between the fish fed diet 1 and those fed the other diets are indicated by: t P <0.05; $ P <001

suggests that the amino acid balance of dietary protein

was improved by combinational use of casein and

gluten or casein and gelatin. On the other hand, the fish
fed diets containing 20% and 30% of gelatin showed low
growth performance, indicating the insufficiency and
unbalance of EAA in both gelatin diets.

Ingested protein enter the amino acid pool in body
and are used for the synthesis of body protein. When
large amounts of amino acids enter the pool, excess
amino acids are deaminated and then the carbon
skeletons are oxidized for energy production or used
as the precursor for lipogenesis and gluconeogenesls
Likewise, if the biological value of dletary protein is
low, more amino acids can be available for energy
production or the synthesis of lipid and glycogen. In
this study, the fish fed diets containing 20% and 30%
of gelatin showed low protein retention and high
hepatopancreatic glycogen content, while the
analytical results of the hepatopancreatic enzyme
activities did not show any evidence of the activation
of amino acid degradation, lipogenesis, and
gluconeogenesis. Fish naturally have high dietary
requirement for protein and preferentially oxidize
amino acids as energy source, ¥ Therefore, the
metabolic difference between the fish fed high quality
protein and those fed low quality protein may be not
very great. For this reason, the hepatopancreatic
enzymes presumably failed to respond to the quality
of dietary protein.

Amino acid degradation is regulated by tissue amino
acid concentrations as well as enzyme induction. 1
Since amino acid degrading enzymes are not normally

saturated with substrate under physiological
conditions, the enzymes are automatically activated by
the increased concentrations of tissue amino acids
after feeding. In rainbow trout, the dietary
supplementation with lysine, tryptophan, and arginine
raised the oxidation rates of C-labeled lysine,

tryptophan, and arginine to “CO: without affecting the’

hepatic lysine- a -ketoglutarate reductase, tryptophan
pyrrolase, and arginase activities. '® This observation
suggests that amino acid degradation was regulated by
tissue amino acid concentrations. In the present study,
arginase activity were hardly affected by dietary
supplementation with gelatin, while the serum urea
level was markedly increased. In teleost fish, urea is
mainly formed via the breakdown pathway of purine
base, while a portion of uréa can arise from the
hydrolysis of arginine by arginase. ” Therefore, there
is a possibility that a high concentration of tissue
arginine due to the ingestion of gelatin diets activated
arginase in vivo, resulting in increased level of serum
urea. On the other hand, Shimeno et al *® reported that
the activities of arginase, Asp-AT, and Ala-AT in the
hepatopancreas of carp were increased by an increase
in dietary protein level. In rat," tryptophan and
methionine have great effects on the inductions of
hepatic arginase and threonine dehydratase. Hence,
the amino acid degrading enzymes in the
hepatopancreas of carp may be also induced by some
nonsubstrate functional amino acids.
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Some Extractive Components of Squids : Differences in Size, Séx, Maturity,
Date of Samplings, and Location™’

Shuusaku Takamoto™® 2

Some extractive components of the mantle muscle of squids Todarodes pacificus, related to taste,
were analyzed.The major extractive components were taurine, proline, octopine, arginine, alanine,
and histidine. The free amino acid compositions were significantly different statistically in various
factors such as size and sex of the squids. Taurin content decreased with increasing mantle iength
(r=-0.76, p<0.001). On the contrary, proline content increased with increasing mantle length (r=

0.53, p<0.01).

These results suggest that taste-active components are influenced in size and sex of squids, even

if kamaboko gel was made from squid.
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Fig. 1. Map showing sampling date and sampling location
of the squids in the Sea of Japan. The sampling stations
dated Nov. 12 and 16 were located in the Yellow Sea.

OLMCERO LR ES DY AAMHKESBE. Zh
CRIBRD10% MY 7 e LEERRE M 2 1 BERTRES, 5

Y%AhE{ILY FO L TpH2.2THML, 3500 XgT

0 AMEL L, ZOLKEI VBRI FULT2.5
BEHRL, AVTToT4NE— CRET EAVT
I8, LEO.45m) THHLE., ZOAKEERT
FJBBLIU Ot oMb L LI, £,
FAEERSTRGAKHEEIZ 2HEEDO % Y 7
NEEBRE M X BH T T2 AWK ETH A X%, 3500

XgTlOMBELL, TOLRESHMEL L,

IXZARAOER T I/BBIUOct iIBERH
Eks v b 777 (LC-10ABET I/ BS
Ho AT L) ERVTER L, THiZRHAREL
LTANV T ZATAFE F (OPA) #AVBEE
BHETHY, Oct bEATRETHS, ¥, =%
xﬁkﬂﬁﬁﬂﬁ#/#xnaziﬁi(ﬁmﬁﬂm
THRE) ZHAVTERLE,

—BH KD, EIEW, BE 0K, KRR
L. AR 105°Cioisi 3 X EiEE &R, His

B3y v 7 2V~ iRz X 5= — 7 Vs, W¥

#*

Yy REHBRER /5 ) ERERE AWy
NH — Vi, R%msmcromﬁmm&&mwr%
Lz,

ﬁﬂt&éﬁﬁwﬂﬁ K& &, HEHE, RBE, R
B, BBLI-THATORERBOBERE 2
Duncan O %1% BfERELS LU Student O t &
B LY ABEORE%.TT>7. Duncan DREL
AR S, REE, RO IBMT, Student d ¢
RE S, B0 2BETESD DIV,

# &

TERARE ANAL BEEEOERET I ) ROW
EERL, A&, W RBE B, R

ﬁﬁt%#ﬁ@ﬁﬁ%&ﬁ@ﬁ%éT@k1 Table

Ziuﬂ"bto

_RJV}«fiJ(f)iEfJ:'}" / B Tau, Pro,
Arg, Ala, BXUHis Th?b, Oct bz v DR
RETH TV, BERET I BRI 1844 ne/ 100 g
Thotedt, BEXENSE (BER7 I /BAL Oct
DERBEV X RAERITLHDINE) 162 % E{EN
EERLE, AESCIVEBEORLNET I/ B

" #X Tau, Thr, Pro, 3¥3XU His®4->T, Tau
& Thr k%, $8 Y v /NZ, Pro & His /8

I RBliz£<EThTwW, BEE7 I/ BRL
FRERBILOVWTHLREZ S E > TERAR DM,
Thbb, B#ERET I /BRIIARL Y, =%

RERBIPRIVMCE AT TR, £,
HMEC I VFEEORLNET I /BIXGly, Val,

ILeu, 8XULeu®42THot, Gly VX RENS B
ToBmOMERR L, Val, LLeu, Leu il

BXDBOELT L, THICHL, RBE, B,

RPTRAEBRZOLLAERIRPRL, ThER
Tau, Asp, Met CBWTERLLALKEGT
bole. BRBED T Tau 228, REICEATE
Bic, WEIBITIX Asp X8 H, 9 AICH~TI0A

i, BBHTHE Met BRI HEA_THIZELTENAT -
Wi, '

235, Tau ¥ Pro SHEKHE1 %ThkE &Itk
EnHbhicdT, Tau & Pro bAEEROBKE
*h¥h, Fig.2, Fig 31tk L%E, Tau  AEFH
ROREKE—FELOMBIREKSE—0.76 (p <
0.001) CTHROMEME%®RLE. %, Pro LSEER
ORI — LI OMBIFREA 0.53 (p <0.01) T
EDHBERLE: —F, Oct & Arg O—IGER




AN AL B DEF AR - | 39
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Fig. 2. Relationship between the mantle Iength and the

_amount of taurine.
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Fig. 3. Relatlonshlp between the mantle length and the
amount of proline.
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Table 1. Extractwe components of the mantle muscle of the squids and statistical analysxs of the data on each group of
size, sex, maturity, date, and location

Content * 1 ' Singificance * % ‘
(mg / 100g) Size . Sex Maturity Date Location
n=45 n=3 n=24 n=24 n=2 n=22

Taurine 6832554 p<0.01 NS . p<0.05 NS~ NS
Aspartic acid 8110.6 NS NS NS p<0.01" NS
Threinine 31+9.8 p<0.05 . NS : NS NS NS
Serine 22+7.7 NS NS NS NS NS
Glutamic acid 41+13.9 NS NS NS . NS NS
Proline ‘ 584+182.7 p<0.01 NS " NS NS NS
Glycme _ 57x18.1 NS p<0.05 NS NS NS

_ Alanine 154+54.3 NS - NS NS NS NS
Valine ©o32+12.7 NS p<0.05 NS NS NS
Methionine 38x10.4 NS NS NS NS p<0.05
Isoleucine 22+7.5 NS p<0.01 NS NS NS
Leucine ' 37x10.9 NS p<0.05 NS NS . NS
Tyrosine ' 25141 NS - NS NS NS NS
Phenylalanine 2418.9 NS NS NS NS NS
Histidine L 127+£42.4 - p<0.05 NS ) NS NS NS
Lysine . 16+3.8 NS NS NS NS NS
Arginine . 180:74.5 NS NS . NS - NS . ‘NS
Total amino acid i 1844+308.0 p <0.05 NS NS NS NS
Ottopine . 513978 NS NS NS NS NS
Ectractive N 696+ 66.5 p<0.05 NS NS NS NS
Extractive-N recovery(%) 62+8.7 NS NS NS NS NS

NS : Not significant (p>0.05) ~ n : number of samples ‘

*! Mean+SD
*? Significantly differences were analysed by F-test.

" Table 2. Ectractivg compohents (Mean * SD) showing sig_'nificant difference in Téble 1

group
1 .2 3
Sise Big Middle Smalt '
Taurine ' 607+87.3° 676+102.1% 1064 £242.0°
Threonine 22+10.0° - 2518.7" Bx18.0F
Proline 757 +£159.9% 621+148.12P 494+164.6°
Histidine 158+42.7° 130+27.12b 114+29.0°
Total amino acid 2026+ 374.6* 2158 +246,7b : 2393+ 356,2°
Extractive N ' 704£83.5% 64760.3% 721+58.1%
Sex . "Male Female
Glycine 66118.2 48+15.7
Valine : _ 25+6.3 _ 34110.2
Isoleucine , ' 18%3.9 24+4.8
Leucine’ : 32175 42+11.9 ‘
Maturity .  Mature Maturing Immature
. Taurine 5041 103.7° 513180.1° 693+220.6°
Date August September October
Aspartic acid 1£2.7* 5+5.8* 18+13.2"
location North South
Methionine _ ' 3B+7.2 4291

*b The same letter superscript shows no significant difference in the value withifi a row.
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Table 3. Proximate composition of the mantle muscle of the squids and statlstlcal analysis of the data on each group of

size, sex, matunty date, and location

Singificance **

Content *‘1
(mg / 100g) Size Sex - Maturity Date Location
n =45 n=3 n=24 n=24 n=22 n=22
Moisture 75.6+0.78 NS NS p<0.05 NS .- NS
Crude lipid 1.3£0.18 p<0.01 NS NS NS . NS
Crude protein 20.2+0.51 NS p<0.05 NS NS NS
Ash , 1.7+£0.07 NS NS NS - NS NS
NS : Not significant (p>0.05) n: nurhber of samples
*! MeantSD
*2 Significantly differences were analysed by F- test.
Table 4. Proximate composition (Mean + SD} showing significant difference in Table 3
' , goup
1 : 2 . 3
Sise . Big Middle Small
Crude lipid 1.4£0.13* 1.320.18% 1.2+0.18°
Sex Male - Female
Crude protein 20.5+0.42° 20.0£0.69
Maturity o . Mature Maturing Immature
Moisture 75.1+0.73* 76.0£0.74° 75.1£0.72°

*b The same letter superscript shows no sighificant difference in the value within a row. -
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Spectrophotometnc Determination of Pigments in Full—mature_
and Vegetative Parts of Ulva pertusa

Michio Tajima

Ishikawa Prefecture Fisheries Research Center, Ushitsu, Noto, Fugeshl Ishikawa

- 927-0435, Japan

(Recewed December 5, 1997)

The fertile thalli of Ulva pertusa were collected from intertidal and subtidal zones in Notojima,
Noto Peninsula, Ishikawa Prefecture. These thalli were divided into three groups as the male, the
female gametophytes and the sporophytes. The absorption spectra of pigments in the intact thalli
and in the methanol extracts were analyzed by spectrophotometric measurement.

The absorption spectra indicated that the full-mature parts were characterized by higher content

. of carotenoids and lower that of chlorophylls than the vegetative parts.

Absorption difference spectra of the full-mature parts versus the vegetative parts of the intact
thalli showed a distinct absorption band around 505 nm. The formation of this red pigment seemed
to be an important characteristic change in the course of the fertilization of this algae.

Absorption difference spectrum of p1gments in the methanol extracts of the full-mature parts
versus the. vegetative ones showed a maximum at 453 nm and a shoulder at about 473 nm. The
absorption maximum at 505 nm in the intact thalli sifted toward shorter wavelength as a result of

extract into methanol.

Key words: spectrophotometric determination, Ulva pertusa, carotenoids, chlbréphylls, red pigment

In general, the fruiting of U. perfusa usually occurs |
at biweekly intervals during the spring neap tides of
a lunar month. When they become fertile the full-

mature parts of the thalli differ in color from the
vegetative interior ones. The full-mature parts of

. thalli always turn rather yellowish green than the
vegetative ones. The color change in the full-mature

parts of three plants, i.e. the male, the female
gametophytes and the sporophytes, is somewhat
different from each other. '®

Such color difference suggests that some
modification of the pigments or the change in the
pigment composition might have taken place between
the vegetative parts and the full-mature ones. *

In the present study the absorption and the
absorption difference spectra of pigments in the intact
thalli and the methanol extracts of the vegetative and
the full-mature parts of the three plants of U pertusa
were measured by spectrophotometric determination.
The difference of pigment composition in the
respective materials was mvestlgated by comparing
the spectra obtained.

Materials and Methdds'

Materials

The fertile thalli of U. pertusa used in this study
were collected in Notojima, Noto Peninsula during
march, 1985, After return to the laboratory of
Ishikawa prefecture marine culture station in
Notojima, they were divided into groups as the male,
the female gametophytes "and the sporophytes.
Because color change was quite remarkable in fertile

fronds, it was easy to cut off the full-mature parts

from the thalli with scissors. -

Preparation of Pigment Extracts

The vegetative and the full-mature parts of
U. pertusa were carefully wiped with filter papers.
These materials (5-10 g wet weight) which were
weighed according to color tone were cut up into
small pieces and were put into Erlenmeyer flasks of

100 m! volumes. Pigments in them were extracted with

absolute methanol containing 0.5 mg basic MgCO; in
the dim light at room temperature until they were
colorless. The residue in these pigment extracts was

removed by being filtered out through the 3g-2 glass

filters.

Spectrophotometric Determination

Absorption spectra of the intact thalli were
measured with a  Shimazsu multipurpose

spectrophotometer MPS 50L. Opal glass method was

used for this analysis. The vacancy opal glass slide
and the opal glass slide with a small piece of thallus
which was spread smoothly were set to the cell
holder of reference side and sample side of
spectrophotometer,
spectra were examined as usual.

The absorption spectra of the methanol solutions of

- pigments were determined with a Shimadzu

spectrophotometer UV-200. This analysis was also
carried out in 1 cm-cells.

The absorption difference spectra were examined by
way of setting the vegetative parts to reference side and
the full-mature ones to the sample side of the

spectrophotometer.

respectively. The absorption
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Results

Pigments in the Intact Thalli -

Fig. 1 shows the spectra of the pigments in the
male (A), the female gametophyte (B) and the
sporophyte (C) examined by the opal glass method.
The absorption spectra of the vegetative (a) and the
full-mature part (b) and the absorption deference
spectrum (c) between the each are in this figure.

The six absorption spectra were essentially similar
in shape. The main absorption bands in those spectra
were commonly located at 425 nm and 670 nm and the
shoulder at about 575 nm and 645 nm, respectively.

The 650-675 nm band was higher in the absorption

505 ‘
Wae length ()

Fig. 1. Absorption and absorption difference spectra of the
vegetative and the full-mature part of the male, the
female gametophyte and the sporophyte of Ulva pertusa.
(A), male gametophyte; (B), female gametophyte; (C),
sporophyte; (a), vegetativé part; (b), full-mature part; {c),
full-mature part versus vegetative one.

spectrum of the vegetative parts than in that of the
full-mature one of the male gametophyte, but the
450-570 nm band conversely was lower. The height of
the 650-675 nm band in the vegétative spectrum of the
female gametophyte was almost identical with that in
the full-mature one, but the 450- 570 nm band is low in
the vegetative. 4

The two absorption spectra of the s'porophyte
extremely resembled each other in shape, though the
ratio of 500-550 nm to 665 nm was somewhat lower in
the vegetative spectrum than in the full-mature one,

The spectral difference of the full-mature parts and
the vegetative ones of three plants shows that the
pigments in them were different in composition each
other.

The main maxima of the absorption difference
spectra (c) of pigments in the vegetative part versus in
the fullmature one of the male, the female
gametophyte and the sporophyte were located at 505
nm. Shapes of absorption maxima were sharply in the
male spectrum, somewhat sharply in the female one
and shortly in the sporophyte one.

Pigments in the Extracts
Fig. 2 shows the absorption spectra ((a) and (b)) and

‘the absorption difference spectrum (c) of pigments

extracted by methanol from the vegetative and the
full-mature parts of the male thalli.

The absorption spectra of extracts from the
vegetative parts had the major absorption maxima at
436 nm, 468 nm and 665 nm. The main absorption
maxima of the full-mature parts was located at 438 nm,
468 nm and 665 nm. The absorption maximum at 436
nm of the vegetative spectrum sifted 2 nm toward -
longer wavelength as a result of maturity. The

500
~ Wave length{nm)

Fig. 2. Absorption and absorption difference spectra of the
pigments extracted into 100% methanol from the
vegetative and the full-mature parts of U, pertusa. (a),
vegetative parts; (b), full-mature parts; (c) full-mature
parts versus vegetative ones.
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absorption maximum of the vegetative at 665 nm was
higher than that of the full-mature parts, but the
absorbance at 440-525 nm was lower. Those results
could be interpreted that there was some differences
in the pigments composition between the two parts.

- The absorption difference spectrum of the
full-mature parts versus the vegetative ones showed
that the absorbance curve at 650-750 nm (red region)
was low and the absorbance at 450-520 nm (green from
blue region) was high. Moreover there was the maxima
at 453 nm and the shoulder at about 473 nm attributed
to carotenoids. It is seemed that the ratio of the

. carotenoids / chlorophylls content in the full-mature

parts is higher than that in the vegetative ones.

Discussion

The absorption spectra of pigments in the intact
thallus of the vegetative and the full-mature part of the
male, the female gametophyte and the sporophyte were
comparatively  similar in shape, but the ratio of
absorbance of 400-500 nm to 665 nm was lower in the
vegetative spectra than in the full-mature ones. On the
absorption spectra in the methanol extracts from the
male gametophytes, the absorption maxima in the
vegetative spectrum and in the full-mature one were at

430 nm and at 428 nm, respectively. Moreover the ratio
of absorbance at 400-500 nm to 665 nm in the vegetative

ones was lower than that in the full-mature ones. The
spectral difference between the vegetative and the
full- mature parts shows that the pigment component
changed and the ratio of chlorophylls / carotenoids
contained was higher as a result of full-maturity.

In the intact thalli of three plants, main maxima of
the absorption difference spectra of the full-mature
part versus the vegetative one were located at 505 nm.
The absorption maximum around this wavelength is
assumed to be primarily due to a red pigment which
has absorption activity in green light.

The band at 505 nm in difference spectra of the male,
the female gametophyte and the sporophyte differed
in the height. This indicates that there was the
difference in the content of the red pigment among the
full-mature part of each plants.

In vivo absorption spectra of deep-water green algae,
U. japonica, showed a distinct band around 540 nm
" (green region).® This pigment seemed to be
siphonaxanthin. Siphonaxanthin was presumed to be
an efficient photosynthetic pigment which was
important for the green algae living in deep coastal
water. 1 -

The maximum of the absorption difference
spectrum of the full-mature part versus the vegetative
one was at 505 nm, therefore the red pigment in the
full-mature part of U, pertusa is not siphonaxanthin.
It is suggested that this red pigment was relevant to
fruiting process or the formation of spores and their
germination.

In methanol extracts, the absorption difference
spectrum of the full-mature parts versus the vegetative
ones had the maxima at 453 nm and the shoulder at

- encouragement and helpful discussions.

about 473 nm attributed to carotencids. Previously, the
author have carried out the analysis of pigments in the
full-mature parts of U. pertusa and Enteromorpha linza,
and detected a characteristic pigment with the
absorption maxima bands at 443, 472 and 502 nm in

* diethylether. IV In the present study, the measurement

of the absorption difference spectrum of the intact
thallus cleared that this pigment had the absorption
maxima bands at 505 nm. It is presumed that this
change is due to a disruption of a carotenoid protein
link, rather than to a destruction of the pigment itself.

- The color change to yellowish green of the edge due
to maturing of U. perfusa is probably caused by the
change of the carotenoids / chlorophylls ratio and by
the formation of a red pigment absorbing at 505 nm.

‘The difference of color tone of the full-mature parts

among the male, the female gametophytes and
sporophytes is due to the difference of the red pigment
content.
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The Statistical Analysis of Manual Removal of Stranded Oil Spills:
Lessons Learnt from Oil Spills Caused by Russian Tanker Nakhodka

Asami Shikida *?

On 2nd January 1997, the Russian tanker Nakhodka, weighing 13,157 tons sank off Oki Island
in the Japan Sea reportedly causing an oil spill of 6,240k8. A large amount of spilled oil drifted into
the Japan Sea and in spite of offshore oil collection attempts, as a result of strong winds and rough
winter weather, consequently vast amounts of this heavily emulsified oil washed up on shorelines.
The oil spills had a serious impact both ecologically on the shoreline environment and economically
on coastal activities such as fisheries and tourism. Great efforts were made to clean up the shorelines,
chiefly by manual removal of the spilled oil. More than 200,000 local people, volunteers, public
officials and self-defense force members participated in cleaning the polluted shorelines. However,
in their haste to collect it quickly, they lacked the consideration to optimize their logistics and efforts.
This study aims to estimate the parameters of oil removable, and to explain the framework in which
those parameters work. The result shows that the amount of oil removed on a day correlates to the
cumulative amount of oil removed and the number of people engaged in cleaning up on that day.
The equation predicting the amount of oil collected calculated from the official reports of Ishikawa
Prefecture is:

$=13.4827 E—-0.03874 C+38458 1525 2=0.918, F{(2,34)=192.28. p<0.01
Where S=the amount of collected oil on a day (£ ), E=the number of people engaged in cleaning
up on a day, C=cumulative amount of oil removed (£).

It is suggested from the above equation that it is possible to estimate the total amount of stranded
oil that can be collected on a certain day, based on data collected in the first few days. It is also
possible from this to calculate the number of people necessary to remove spilled oil at the most
efficient rate. This will clearly be a great contribution to efficient manual removal of washed up
oil spills in the future. ‘ '

Key words: Coastal zone management, Russian tanker Nakhodka, Japan Sea, Oil spill, Volunteers,
Environmental disaster
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Fig. 2. Proportion of participants éngaged in oil removal
as of March 30, 1997.
Source : Ishikawa Prefectural Government.
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Fig. 6. The relationship between daily amount of oil removed manually and the number of participants engaged in removal
in Ishikawa Prefecture. Source : Ishikawa Prefectural Government.
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Fig. 7. Companson ‘of observed amount of oil removed manually at sandy beaches in Ishikawa Prefecture, and amount

estimated using model equatlon
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